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ABSTRACT 

 
The focus of this research was pointed at exploring technical feasibility of castor 
biodiesel with and without diethyl ether additives in direct injection compression 
ignition engines without any substantial hardware modifications. In this work, 
the methyl ester of castor oil with and without additives was investigated for its 
performance as a diesel engine fuel. Fatty acid methyl ester was produced via 
transesterification process using potassium hydroxide as a catalyst and purified 
castor oil which is extracted from the castor seed was used.  
 
To obtain a high quality biodiesel fuel that comply the specification of standard 
methods, some important variables such as reaction temperature, molar ratio of 
methanol to oil and mass weight of catalyst were selected and studied. At the 
following optimum conditions; 60 °C of reaction temperature, 6:1 methanol to 
castor oil molar ratio, 1% catalyst concentration wt/wt%, reaction time of 90 
minutes and 600 rpm agitating speed, an optimum fatty acid methyl ester yield 
of 92.08% was obtained, indicating that potassium hydroxide has the potential 
as a catalyst for the production of fatty acid methyl ester from castor oil.  
 
The fuel samples were prepared by blending castor ethyl ester with diesel in the 
composition of B0, B10, B15, B20, B10DEE5, B15DEE5, and B20DEE5. 
Moreover, after preparation of the tested fuels only the kinematic viscosity were 
measured and the measured results were changed. For instance, kinematic 
viscosity changes in percent were 23.5%, 22.5% and 18.7% for B10DEE5, 
B15DEE5 and B20DEE5 respectively.  
 
The performance parameters evaluated were break thermal efficiency (B.Th.), 
torque and power. The results of experimental investigation with biodiesel 
blends were compared with that of methyl ester and baseline diesel. The results 
indicate that the torque percentage variation of fuels with DEE additive increase 
with increase engine speed, this shows the percentage change of torque at 
lower speed is small, because even though the fuel has higher viscosity than B0 
it has sufficient combustion time. At higher engine speed the percentage torque 
variation is higher; this is due to the high reciprocating motion of the piston the 
fuel cannot get sufficient time to be evaporated and combusted due to pure 
atomization.  
 
The comparing power percentage difference between fuel with and without DEE 
to the neat diesel fuel, with DEE is less power difference than without DEE, this 
is due to DEE the fuel has less viscosity than without DEE, this increase 
atomization of fuel to easily burn in the combustion chamber. 
 
The BSFC percentage difference which is compared to fuels with and without 
DEE to the neat diesel fuel,from this figures the difference between diesel fuel 
and with DEE adding fuel is smaller than without DEE fuels, this is due to DEE 
the fuel is atomized and easly burned this decreased the fuel consumption.   
Furthermore, a single cylinder compression ignition engine was operated 
successfully using ethyl ester of castor oil as the soul fuel with acceptable 
performance. 
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1. INTRODUCTION 

 
Biodiesel, an alternative diesel fuel, is made from renewable biological sources 
such as vegetable oils and animal fats. It is biodegradable and nontoxic has low 
emission profiles and so is environmentally beneficial.  
 
Recently, because of increases in crude oil prices, limited resources of fossil oil 
and environmental concerns there has been a renewed focus on vegetable oils 
and animal fats to make biodiesel fuels. Continued and increasing use of 
petroleum will intensify local air pollution and magnify the global warming 
problems caused by carbon dioxide. 
 
Due to the depletion of the world’s petroleum reserves and the increasing 
environmental concerns, there is a great demand for alternative sources of 
petroleum-based fuel, including diesel and gasoline fuels. Biodiesel, a clean 
renewable fuel, has recently been considered as the best candidate for a diesel 
fuel substitution because it can be used in any compression ignition engine 
without the need for modification. Chemically, biodiesel is a mixture of methyl 
esters with long-chain fatty acids and is typically made from nontoxic, biological 
resources such as vegetable oils, animal fats, or even used cooking oils [1]. 
 
Vegetable oils are promising feedstocks for biodiesel production since they are 
renewable in nature, and can be produced on a large scale and environmentally 
friendly. Vegetable oils include edible and non-edible oils. More than 95% of 
biodiesel production feedstocks come from edible oils since they are mainly 
produced in many regions and the properties of biodiesel produced from these 
oils are much suitable to be used as diesel fuel substitute. However, it may 
cause some problems such as the competition with the edible oil market, which 
increases both the cost of edible oils and biodiesel. Moreover, it will cause 
deforestation in some countries because more and more forests have been 
felled for plantation purposes. In order to overcome these disadvantages, many 
researchers are interested in non-edible oils which are not suitable for human 
consumption because of the presence of some toxic components in the oils. 
  
Furthermore, non-edible oil crops can be grown in waste lands that are not 
suitable for food crops and the cost of cultivation is much lower because these 
crops can still sustain reasonably high yield without intensive care. However, 
most non-edible oils contain high free fatty acids.  
 
Thus they may require multiple chemical steps or alternate approaches to 
produce biodiesel, which will increase the production cost, and may lower the 
ester yield of biodiesel below the standards. Animal fats contain higher 
saturated fatty acids and normally exist in solid form at room temperature that 
may cause problems in the production process. Its cost is also higher than 
vegetable oils. Used cooking oils are not suitable for human consumption but 
are a feedstock for biodiesel production. Its usage significantly reduces the cost 
of biodiesel production.  
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However, the quality of used cooking oil may cause concern because its 
physical and chemical properties depend on the contents of fresh cooking oil 
and used cooking oils may contain lots of undesired impurity, such as water, 
free fatty acids. Since the cost of raw materials accounts about 60–80% of the 
total cost of biodiesel production, choosing a right feedstock is very important. 
Also, the yield and properties of biodiesel products produced from different 
feedstocks would be quite different from each other [1]. 
 
Global biodiesel industry is projected to grow and touch around 3,900 Million 
Gallon by 2014. Coming to in our country, so far there is no observable market 
use of biodiesel product in our country Ethiopia. But currently there are more 
than 50 projects in progress from which 14 has started operation in five different 
regions (Benshangl Gumuz, Amhara, Oromia, SNNP and Gambella).  
 
For the production of biodiesel, especially for large production plants, the 
availability of customers (demanders) plays a very crucial role. If we assess the 
customer status in Ethiopia, it is believed there are a significant amount of 
demanders looking for low cost fuel (compared with petro-diesel).  
 
Biodiesel is a renewable substitute fuel for petroleum diesel fuel which is made 
from nontoxic, biodegradable, renewable sources such as refined and used 
vegetable oils and animal fats. Biodiesel is produced by transesterification in 
which oil or fat is reacted with a monohydric alcohol in the presence of a 
catalyst. The process of transesterification is affected by the mode of reaction, 
molar ratio of alcohol to oil, type of alcohol, nature and amount of catalysts, 
reaction time, and temperature [8]. 
 
Various studies have been carried out using different oils as the raw material 
and different alcohols (methanol, ethanol, butanol) as well as different catalysts 
notably homogeneous ones such as sodium hydroxide, potassium hydroxide, 
sulfuric acid, and supercritical fluids or enzymes such as lipases. Recent 
research has focused on the application of heterogeneous catalysts to produce 
biodiesel, because of their environmental and economic advantages [9]. 
 
In the present work, the effect of adding diethyl ether (DEE) to biodiesel blends 
was studied. DEE can be produced by dehydration of bio-ethanol, a renewable 
fuel. The properties of DEE permit it to be used as fuel in CI engines; either as a 
neat fuel or as a blend with diesel. The auto ignition temperature of DEE is 
lower than Diesel. DEE has a high cetane number of greater than 125. The 
latent heat of vaporization is higher than Diesel. DEE is a liquid at room 
temperature which reduces handling and storage problems. DEE is also non-
corrosive compared to alcohols. The properties that need concern are its high 
flammability and poor storage stability. DEE also poses human health problems 
due to it’s an aesthetic effect. 
 
This research was pointed at exploring technical feasibility of castor biodiesel 
with and without diethyl ether additives in direct injection compression ignition 
engines without any substantial hardware modifications. In this work, the methyl 
ester of castor oil with and without additives was investigated for its 
performance as a diesel engine fuel.  
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1.1 Statement of the problem  

 
The depletion of world petroleum reserves and increased environmental 
concerns has stimulated the search for alternative renewable fuels that are 
capable of fulfilling an increasing energy demand [1]. 
 
In recent decades, research concerning and knowledge about the external 
benefits of renewable raw materials have intensified the efforts for sustainable 
energy sources. Biodiesel plays a major role in this field because of the world-
wide research, development, and deployment activities of this sustainable 
energy source. 
 
Despite its many advantages as a renewable alternative fuel, biodiesel presents 
a number of technical problems that must be resolved before it will be more 
attractive as an alternative to petro diesel. These problems include improving 
the relatively poor low-temperature properties of biodiesel as well as monitoring 
and maintaining biodiesel quality against degradation during long-term storage 
and also an increase in nitrogen oxide (NOx) exhaust emissions, which have 
stringent environmental regulations and the another problem is the oxidation 
stability of biodiesel. The esters of un-saturated fatty acids are unstable with 
respect to light, catalytic systems and atmospheric oxygen.  
 
Since diesel fuels from fossil oil have good oxidation stability, automobile 
companies have not considered fuel degradation when developing diesel 
engines and vehicles. It is one of the key issues in using vegetable-oil based 
fuels, and attention is given to the stability of biodiesel during storage and use. 
These problems could be circumvented by using additives. The raw materials of 
biodiesel are also a restraining factor. The 70% cost of biodiesel is coming from 
its raw material oil. Hence, development of alternative feedstock is another 
important area research.  
 
Therefore, it is a great necessity for developing inexpensive and good quality 
biodiesel and investigates the potential of adding or without adding diethyl ether 
(DEE) to biodiesel blends and petro diesel blends. 
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1.2 Objective of the research 

1.2.1 General objectives 

 
The main objective of this thesis work is to evaluate the performance of castor 
biodiesel and petro diesel blends with and without diethyl ether additive in a four 
stroke diesel engine.   
 

1.2.2 Specific objectives 

 

 Design and execute experiments on laboratory scale batch production. 

 Characterization of the castor oil. 

 Preparation of castor biodiesel and petro diesel with and without diethyl 
ether additive. 

 Characterization of the kinematic viscosity of tested fuels. 

 Characterization of different performance parameters of castor biodiesel 
with and without diethyl ether additives in direct injection compression 
ignition engines without any substantial hardware modifications.  
 

1.3 Significance of the research 

 
Finding of this research offers knowledge and understanding of the 
performance of castor biodiesel and petro diesel blends with and without diethyl 
ether additive in a four stroke diesel engine. 
 
This study should be significant in the sense of: 

 Present the technology of biodiesel production technology. 

 Investigate the potential of the castor oil for biodiesel production. 

 Show how to use different natural resources to produce biofuels in small 
scale which will reduce our dependence on petroleum based fuels.  

 Be used as base-line information for further studies particularly for small 
scale production of biodiesel from different vegetable oil sources that will 
meet international standards. 

It has economic and environmental benefits: 
Economical: 

 Import substitute of petroleum products and export earning 

 Enhance agricultural development and agro processing 

 Job creation and improve income of the people 
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Environmental safety: 

 Improve agricultural land productivity through integrations of biodiesel 
development program with land use plan. 

  Decrease environmental pollution through the promotion of biodiesel 
utilization 

 
It is an attractive alternative to petroleum diesel fuel due to well-known 
advantages, including the following: 

 It provides the potential for lower dependence on petroleum crude oil 
 It is a renewable resource 
 It provides the potential for reduced greenhouse gas emissions because 

of the closed CO2 cycle  
 It has a lower combustion emission profile (especially SOx) 
 It provides the potential for enhancement of rural economies 
 It is biodegradable 
 It can be used without engine modifications 
 It provides good engine performance 
 Improved combustion is exhibited because of its oxygen content 
 It exhibits low toxicity, and finally 
 It has the ability to be blended in any proportion with regular petroleum-

based diesel fuel 
 It can also be used in boilers or furnaces designed to use heating oil’s or 

in oil-fueled lighting equipment. 
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2. LITERATURE REVIEW 

2.1 Biodiesel  

 
Biodiesel derived from biological resources is a renewable fuel, which has 
drawn more and more attention recently. A fatty acid methyl ester is the 
chemical composition of biodiesel. Transesterification is widely used for the 
transformation of triglyceride into fatty acid methyl ester [2]. 
 
Biodiesel can be used in several different ways. 1% to 2% biodiesel can be 
used as a lubricity additive, which could be especially important for ultra-low 
sulfur diesel fuels (ULSD, less than 15 ppm sulfur), which may have poor 
lubricating properties. 20% biodiesel can be blended with 80% diesel fuel (B20) 
for use in most applications that use diesel fuel. It can even be used it in its pure 
form (B100) if proper precautions are taken. The word biodiesel refers to the 
pure fuel B100 that meets the specific biodiesel definition and standards 
approved by ASTM International. A number following the “B” indicates the 
percentage of biodiesel in a gallon of fuel, where the remainder of the gallon 
can be No. 1 or No. 2 diesel, kerosene, heating oil, or any other distillate fuel 
[22].  
 
Biodiesel is typically produced through the reaction of a vegetable oil or animal 
fat with methanol or ethanol in the presence of a catalyst to yield methyl or ethyl 
esters (biodiesel) and glycerin. Fatty acid methyl esters or biodiesels are 
produced from natural oils and fats. Generally, methanol is preferred for 
transesterification because it is less expensive than ethanol [23]. 
 
In general terms, biodiesel may be defined as a domestic, renewable fuel for 
diesel engines derived from natural oils like soybean oil that meets the 
specifications of ASTM D 6751. In technical terms (ASTM D 6751) biodiesel is a 
diesel engine fuel comprised of mono alkyl esters of long-chain fatty acids 
derived from vegetable oils or animal fats, designated B100 and meeting the 
requirements of ASTM D 6751. Biodiesel, in application as an extender for 
combustion in CIEs (diesel), possesses a number of promising characteristics, 
including reduction of exhaust emissions [24]. 
 

2.2 Feedstock types 

 
The primary raw materials used in the production of biodiesel are vegetable oils, 
animal fats, and recycled greases. These materials contain triglycerides, free 
fatty acids, and other contaminants depending on the degree of pre-treatment 
they have received prior to delivery. Since biodiesel is a mono-alkyl fatty acid 
ester, the primary alcohol used to form the ester is the other major feedstock. 
 
 
Choice of the fats or oils to be used in producing biodiesel is both a process 
chemistry decision and an economic decision.  
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With respect to process chemistry, the greatest difference among the choices of 
fats and oils is the amount of free fatty acids that are associated with the 
triglycerides 
 
The options for the triglyceride choice are many. Among the vegetable oils 
sources are castor oil, soybean, canola, palm, and rapeseed. Animal fats are 
products of rendering operations. They include beef tallow, lard, poultry fat, and 
fish oils. Yellow greases can be mixtures of vegetable and animal sources [8]. 
The raw material used for the production of biodiesel is best if the following 
major criteria are satisfied. 

 It must not be competitive with food. 

 Land used for the oil production should not compete with forest and other 
   agricultural products. 
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Figure 2. 1: Type and classification of lipid feedstock (8). 

Table 2. 1: Oil composition of various edible oil (3). 

Fatty acids Oleic Linoleic Palmitic Stearic Linolenioc Palmitoleic Other 

Rapeseed 55.68 17.82 4.12 1.57 7.61 0.05 13.15 

Palm 40 10 45 5 … … … 

Soybean 23 51 10 4 7 … … 

Jatropha 43.1 34.3 14.2 6.9 … … 14 

Pongamia Pinnata 71.3 18.3 7.9 8.9 … … … 

Rubber seed 24.6 39.6 10.2 8.7 16.3 … …. 
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Taking into account the competitiveness with food and the planting conditions if 
possible, Jatropha oil is the best to be a raw material for the production of 
biodiesel. Jatropha has the ability to be planted even in deserts which makes it 
more preferable as it avoids cleaning of forests for its plantation as well as 
make a good balance for the desert environment [3]. 
 
However, for this research castor oil has been selected as the best raw material 
for the production of biodiesel based on the following points. The castor bean 
contains 50% to 55% oil. When you look at vegetable oils, castor oil is 
distinguished differently by the high level of ricinoleic acid which is over 85%. 
There is no other vegetable oil that has such a high proportion of fatty 
hydroxyacids. Because it has an unsaturated bond, high molecular weight 298, 
a low melting point of 5 ºC and very low solidification point of between -12 ºC to 
-18 ºC it is quite suitable for industrial use. The biggest reason why this 
happens is that it has the highest and most stable viscosity of any vegetable oil. 
 
This oil has an ash content of about 0.02% the percentage for sulfur is less than 
0.04% .The higher the cetane number, the better the fuel will be when used as 
a diesel. The cetane number of the majority of biodiesel fuels is actually higher 
than petrol or diesel, and the cetane number of castor oil biodiesel is in a good 
range for diesel engines. 
 
Facts drawn by scientists actually show that castor oil has one of the highest 
CN when it comes to all the vegetable oils, and also when you throw in all of the 
other biofuels they actually have numbers that are lower than the amount for 
castor oil. Petro diesel is around 45, and yet for most other bio fuels, the figure 
falls in the range 45 to 65. 
 
However when thinking about biodiesel production, cost plays an important role 
and castor bean oil is one of the lowest priced oils, which makes it quite 
effective to use. It has proven itself as one of the most beneficial of all oils to 
use however they are still doing research to determine other variables as well. 
Although castor is indigenous to the southeastern Mediterranean Basin, Eastern 
Africa, and India, today it is widespread throughout tropical regions. In areas 
with a suitable climate, castor establishes itself easily as an apparently "native" 
plant. 
 

2.2.1 Physicochemical properties of castor oil 

 
Castor oil likes all other vegetable oils, has different physical and chemical 
properties that vary with the method of extraction. Cold-pressed castor oil has 
low acid value, low iodine value and a slightly higher saponification value than 
solvent-extracted oil, and it is lighter in color. Castor oil dissolves easily in 
alcohol, ether, glacial acetic acid, chloroform, carbon sulfide, and benzene. 
Besides being used as a laxative, castor oil is widely used in the industrial field 
because of its many properties. In the textile industry, castor oil is used for 
moisturizing and removal of grease in fabrics, and for the manufacturing of 
waterproof fabrics.  
 

http://en.wikipedia.org/wiki/Mediterranean_Basin
http://en.wikipedia.org/wiki/Eastern_Africa
http://en.wikipedia.org/wiki/Eastern_Africa
http://en.wikipedia.org/wiki/India
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In the steel industry, it is used in cutting oils and lubricants for steel lamination 
at high temperatures and it is also used in other liquids that are necessary for 
steel work. The automotive industry uses castor oil for the production of high 
performance motor oil and braking fluids. Moreover, it is also employed as a 
softener in the tanning industry and in the production of fluids for hydraulic 
devices, artificial leather, varnish, paint, linoleum, insulators, powder, fatty 
acids, enzymes, as a moisturizer for stationary and insecticides: additionally it 
can be used as a raw material for the fabrication of plastics [18].  Castor oil is 
unique among all fats and oils. It has an unusual chemical composition of a 
triglyceride of fatty acids. It is the only source of an 18-carbon hydroxylated fatty 
acid with one double bond. The product uniformity and consistency of castor oil 
are significantly high for a naturally occurring material. The chemical 
composition of castor oil is: 

 Ricinoleic Acid - 89.5% 

 Linoleic Acid- 4.2% 

 Oleic Acid- 3% 

 Stearic Acid - 1% 

 Paimiric Acid- 1% 

 Dihydroxvstearic Acid- 0.7% 

 Linolenic Acid-0.3% 

 Eicosanoic Acid-0.3% 

2.3 Physicochemical properties of biodiesel 

 
Generally, the properties of biodiesel and especially its viscosity and ignition 
properties are similar to the properties of fossil diesel. Although the energy 
content per liter of biodiesel is about 5 to 12% lower than that of diesel fuel, 
biodiesel has several advantages.  
For example the cetane number and lubricating effect of biodiesel, important in 
avoiding wear to the engine, are significantly higher.  
 
Therefore the fuel economy of biodiesel approaches that of diesel. Additionally, 
the alcohol component of biodiesel contains oxygen, which helps to complete 
the combustion of the fuel. The effects are reduced air pollutants such as 
particulates, carbon monoxide, and hydrocarbons. Since biodiesel contains 
practically no sulfur, it can help reducing emissions of sulfur oxides. 
 
Although biodiesel has many environmental advantages it also has some 
performance Draw backs. In cold conditions the behavior of the biofuels 
normally is even worse than that of petroleum Diesel. At low temperatures 
biodiesel and Diesel form wax crystals that can restrict the flow in a vehicle fuel 
system clogging fuel lines and filters. Castor oil Methyl Easter (CME) exhibits 
different operation conditions. 
 
Castor oil biodiesel properties indicate a very low pour and cloud points which 
make this bio fuel a good alternative in winter conditions. Also, mixtures of 20% 
(B20) and l0% (Bl0) percent biodiesel-petroleum Diesel showed good flow 
properties.  
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It indicates that castor oil biodiesel also could be used as petroleum Diesel 
additive improving both environmental and flow behavior of the mineral fuel [17]. 

 
Table 2. 2: Properties of petroleum diesel and castor biodiesel with 
                  different blends (17) 

 
The fuel properties of biodiesel are influenced at large by the amounts of each 
fatty acid composition and the alcohol molarities in the feedstock used to 
produce the esters among which the largest fractions of fatty acids for each of 
the biodiesel is a potential indication of the rest of the properties. 
 
Generally, the major fuel properties are cetane number (with relation to 
combustion and exhaust emissions), heat of combustion, melting point, and 
viscosity of neat fatty compounds increase with increasing chain length and 
decrease with increasing unsaturation (iodine value).  
  

2.3.1 Cetane number 

 
Cetane Number (CN) or aniline point is a relative measure (the scale) of the 
interval between the beginning of injection and auto-ignition of the fuel 
(conceptually similar to the octane scale used for gasoline). The cetane number 
is the primary specification measurement used to match fuels and engines [25]. 
 
The higher the CN, the shorter the delay interval and the greater its 
combustibility (fuel ignition will be smoother and more complete, improving 
combustion and reducing emissions from unburned fuel). Fuels with low CNs 
will result in difficult starting, noise and exhaust smoke. In general, diesel 
engines will operate better on fuels with cetane numbers >47(ASTM D 613). 
Cetane Index – (ASTM D 976 or D 4737) is a calculated quantity that is 
intended to approximate the cetane number [26]. 
 
 

Properties Units 
Petroleum 
Diesel 

B10 B20 B100 

Sp. Gr.  0.8610 0.8643 0.8703 0.9268 

Density kg/m³ 861.0 864.3 870.3 926.8 

Kinematic 
viscosity 

mm²/s 3.81 4.54 4.97 15.98 

Flash point °C 68.3 85.3 88.7 190.7 

Heating value kJ/kg 47216.4 44427.6 44780.4 37900.8 

Copper strip 
corrosion 

 1 a 1 a 1 a 1 b 

Carbon residue 
% 
mass 

0 0.009 0.007 0.037 

Cloud point °C  - 5 - 7 - 23 

Pour point °C - 6 - 26 - 30 - 45 
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2.3.2 Energy content 

 
It is the amount of heat released during the combustion of certain fuel and 
measured in units of energy per amount of material (Btu/lb, MJ/kg etc.) or a 
variety of other combinations of units. It is also defined as the enthalpy of 
combustion (or the heat of combustion). Heating value is usually determined by 
use of a bomb calorimeter. The heating value depends on the composition of 
the fuel. Since all the oils have very nearly the same carbon, hydrogen and 
oxygen contents the gross and net heating values of each fuel per unit mass will 
be close to each other [26]. 
 
Biodiesel has lower energy content (lower heating value) than conventional 
diesel fuel (Table 2.4). On a weight basis, the energy level is reported to be 
12.5% less. The energy density per volume is directly proportional to the fuel 
density, and since Biodiesel is denser than the diesel fuel (0.87-0.88 g/cc for 
Biodiesel compared with 0.84-0.85 g/cc for No. 2 diesel fuel), the energy 
content is only 8% less on a per volume basis. Tests have shown that the actual 
efficiency at which the energy in the fuel is converted to power is the same for 
Biodiesel and petroleum based diesel fuel reference [25]. 
 
Moreover, a fuel with lower energy content per gallon will cause the engine to 
produce less power. In this context biodiesel fuels contain fatty acids with 
different levels of unsaturation and fuels with more unsaturation tend to have 
slightly lower energy contents while those with greater saturation tend to have 
higher energy content.   
 

2.3.3 Cold flow properties 

 
Saturated fatty compounds have significantly higher melting points than 
unsaturated fatty compounds and in a mixture they crystallize at higher 
temperature than the unsaturated ones. Thus Biodiesel fuels derived from fats 
or oils with significant amounts of saturated fatty compounds will display higher 
cloud points (CP) and pour points (PP), which are the major problems 
associated with the use of Biodiesel in low temperature areas or seasons. In 
such situations, solids and crystals rapidly grow and agglomerate, clogging fuel 
lines and filters (fuel filter plugging point (FFPP)) and causing major operability 
problems. Specifications related to low-temperature properties are included in 
Biodiesel standards, as CP (ASTM D2500), PP (ASTM D97), CFPP (European 
standard EN 116) and low temperature flow test (LTFT) (ASTM D4539) (ASTM, 
1999; EN, 2003), but a limit is not given for these properties, rather a report is 
required. Therefore, each country can select one of two options for seasonal 
classes (summer and winter) and modify this specification based on national 
meteorological data [27]. 
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2.3.4 The boiling range 

 
The degree of saturation of the fatty acids attached to the glycerol backbone 
determines the boiling point of the triglyceride. Generally, the FAMEs/FAEEs, 
which are mainly comprised of carbon chain lengths from 16 to 18, have boiling 
points in the range of 330–357 °C; thus the specification value of 360 °C is 
easily achieved.  
 
However, the boiling ranges of the Biodiesels is at the upper end of the range of 
diesel, within a fairly limited range, around 315-357 °C, that has effect on the 
formation of coke and also indicates greater amount of energy required to 
vaporize the Biodiesels. The FAMEs/FAEEs of carbon chain exceeding the 
specification may also not meet the specification of 90/95% boiling point limit of 
360 °C specified in ASTM D6751 and in other biodiesel standards. Similarly, as 
per the specification of ASTMPS121-99, the chain length should be comprised 
of C12–C22 FAMEs  [33]. 
 

2.3.5 Oxidative stability 

 
Although the presence of unsaturated fatty acid component in fatty acid 
methyl/ethyl esters (FAMEs or FAEEs) is required to some extent, as it restricts 
the FAEEs/FAMEs from solidification, with high degree of unsaturation, 
FAMEs/FAEEs are not suitable for biodiesel as the unsaturated molecules react 
with atmospheric oxygen and are converted to peroxide.   
 
As a result, cross-linking at the unsaturation site can occur and the material 
may get polymerized, at high temperature, into very large agglomerations or a 
plastic-like body. The reason for autoxidation is the presence of double bonds in 
the chains of many fatty compounds.  
 
The autoxidation of unsaturated fatty compounds proceeds with different rates 
depending on the number and position of double bonds. To avoid this situation, 
European standards have set a minimum limit (≤ 120) of iodine value (IV) in 
their specifications (EN, 2003). According to this specification, the concentration 
of linolenic acid and acid containing four double bonds in FAMEs/FAEEs should 
not exceed the limit of 12% and 1%, respectively[34] The fact is that, the 
positions allylic to double bonds are especially susceptible to oxidation. 
 
The bis-allylic positions in common polyunsaturated fatty acids such as linoleic 
acid (double bonds at D9 and D12, giving one bis-allylic position at C-11) and 
linolenic acid (double bonds at D9, D12, and D15, giving two bis-allylic positions 
at C-11 and C-14), are even more prone to autoxidation than allylic positions. 
The species formed during the oxidation process cause the fuel to eventually 
deteriorate. Factors such as presence of air, elevated temperatures or presence 
of metals facilitate oxidation. And metals have strong catalyzing effect on 
oxidation with copper showing the strongest effect [34, 35]. 
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Hence, the peroxide value (ASTM D 3703) denotes the milli equivalent of 
peroxide-bound oxygen in a 1000 g sample, and gives an indication of the 
extent of dynamic oxidative damage. The initial products of oxidation are hydro 
peroxides, which can then induce polymerization, forming insoluble gums and 
sediments. 
 

2.3.6 Kinematic viscosity 

 
The injection droplet size is dependent on a number of properties including 
viscosity and surface tension. It is the resistance to flow of a fluid under gravity. 
Viscosity increases with chain length and with increasing degree of saturation 
[25]. Factors such as double bond configurations (cis double bond configuration 
giving a lower viscosity than trans) also influence viscosity while double bond 
position affects viscosity less. Viscosity affects the atomization of a fuel upon 
injection into the combustion chamber and thereby ultimately the formation of 
engine deposits [35]. The viscosity of transesterified oil, biodiesel, is about an 
order of magnitude lower than that of the parent oil. Kinematic viscosity has 
been included in biodiesel standards (1.9–6.0 mm2/s in ASTM D6751 and 3.5–
5.0 mm2/s in EN 14214). It can be determined by standards such as ASTM 
D445 or ISO 3104.   
 

2.3.7 Specific gravity 

 
It is the ratio of the density of the substance, ρ, to a reference density, ρref. 
(water- g/cm3), SG = ρ/ρref. The SG of most vegetables oils range between 
0.860 -0.900 and oils that are denser contain more energy per liter [33, 34].  
While low relative density was characteristic of predominantly paraffinic fuel with 
good ignition properties in diesel engines, while high relative density indicated 
mainly aromatic or asphaltic fuel with poor combustion properties. 
 

2.3.8 Iodine value (IV) 

 
Is a measure of total unsaturation (double bonds) within the FAME and FAEE 
product, Iodine absorption occurs at double bond positions - thus a higher IV 
indicates a higher quantity of double bonds (unsaturated fatty acids) in the 
sample and greater potential to polymerize (in the engine) and hence lesser 
stability. The process of transesterfication reduces the iodine value to a small 
extent [36].   

 

2.3.9 Flash point 

 
Is a measure of the lowest temperature at which application of the flame causes 
the vapor above the sample to ignite, i.e., it is a measure of the tendency of a 
sample to form a flammable mixture with air.  
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Flash point is used in safety regulations to define “flammable” and “combustible” 
materials. Higher values indicate materials that are less likely to ignite 
accidentally. ASTM D 974 and ASTM D 93 require a minimum of 52 °C for 
diesel and 130 °C for biodiesel [27, 33]. 
 

2.4 Biodiesel production process 

2.4.1 Technological platforms 

 
Vegetable oils are produced from numerous oil seed crops with varying fatty 
acid composition. While all vegetable oils have high-energy content, most 
require some processing to assure safe fuel use in internal combustion engines. 
Various methods were used to produce fuels from vegetable oils or fats 
including; direct use of vegetable oils & fats and/or blending at different 
proportions with diesel, Micro emulsions with simple alcohols, thermal cracking 
(pyrolysis) to alkanes, alkenes, alkadienes etc., batch wise transesterfication 
(alcoholysis) and the continuous base-catalyzed process. 
 
The continuous base-catalyzed process is the most widely used biodiesel 
process in the European Union and US which is divided into four main sections, 
namely; crude oil degumming, refining and drying; transesterfication reaction, 
ester washing and methanol recovery and glycerol refining. But, in the case of 
batch wise process, transesterfication is most commonly used method reported 
that a number of approaches are available for ensuring the transesterfication 
reaction occurs quickly enough to be practical [25, 29].  
 
The following groups classify these options: 
 

 Base catalyzed reaction- using NaOH, KOH, NaMeO 

 Acid catalyzed reaction- using H2SO4, H3PO4, HCl, BF3 

 Lipase Enzymes catalyzed reaction 

 Non-catalyst options such as supercritical processes, and co-solvent 
systems. 
 

2.4.2 Base catalyzed reaction 

2.4.2.1 Transesterfication 

 
Transesterfication (also called alcoholysis) is the action of one alcohol 
displacing another from an ester (i.e. the transformation of the large, branched, 
triglyceride molecules of bio oils and fats into smaller, straight-chain molecules, 
similar in size to components of diesel fuel), in which lipids react with an alcohol 
to form mono alkyl esters and a byproduct, glycerol  The main factors affecting 
transesterfication are the amount of alcohol and catalyst, reaction temperature, 
pressure, time, the contents of free fatty acid (FFAs) and water in oils [23, 28]. 
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Transesterfication is conducted to produce biodiesel with the objective to 
reduce the viscosity of the parent vegetable oil or animal fat, since it is an order 
of magnitude greater than that of the corresponding methyl esters (Biodiesel). 
Other researcher’s reported that the viscosity of canola oil was 37 mm2/s and 
reduced to 4.7 mm2/s after transesterfication [25]. 
 

 
 
Figure 2. 2: Transesterfication reaction (23). 
 
Potassium hydroxide has added advantage since, at the end of the reaction, the 
waste mixture can be neutralized with phosphoric acid resulting in potassium 
phosphate, which can be used as fertilizer. Suitable feedstock for a base-
catalyzed process transesterfication require FFA < 1 % (acid value of oil should 
be below 2 mg KOH/g) and preferably < 0.05 %, according to ASTM and EN 
standards [25].  
 
Transesterification involves three stepwise reactions with intermediate formation 
of diglycerides (DG) and monoglycerides (MG) resulting in the production of 3 
mol of methyl esters (ME) and 1 mol of glycerol (GL) [28]. 
 
The molar ratio (6:1) of either ethanol or methanol to crude oil is required during 
biodiesel production, by employing the transesterification method, (rather than 
the 3:1 ratio required by the reaction stoichiometry), which is 100% molar 
excess alcohol. As the reaction is reversible excess alcohol is used to force the 
equilibrium to the product side. 
 
Ethanol as an additive or a reactant is often preferred in place of other simple 
alcohols, such as methanol because it is less toxic and it is easily produced 
form renewable sources such as biomass or grains. However, some countries 
most commonly use methanol for producing biodiesel since it is the least 
expensive alcohol in their respective countries, and moreover, the difference in 
boiling point between the two alcohols makes methanol considerably easier to 
recover than the ethanol.  
 
Suitable heterogeneous catalyst that fulfils the high reaction rate requirements 
as well as features such as; insolubility in the reaction mixture, long working life, 
suitable particle size, high temperature resistance and large surface area are 
basic requirements for continuous process [29]. In the cases when the amount 
of free fatty acids in the oil exceed 1%, homogenous acid catalyzed reaction is 
more efficient (than direct alkali catalyzed), since it eliminates the problem with 
saponification when esterification occurs. 
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However acid catalysts have impact on equipment and at elevated 
temperatures severely affect any metallic components [25]. reported test result 
on palm oil that, the rate of transesterification in a batch reactor increased with 
temperature up to 60 °C. However, higher temperature does not reduce the 
time to reach maximal conversion. The optimal catalyst concentration is 1% 
KOH, expressed as a weight percentage of the oil [30, 31]. 
 

2.4.3 Side-reactions affecting the yields of fatty esters from transesterified 
         oils and fats 

2.4.3.1 Hydrolysis 

 
Fats can be hydrolyzed by water or alkali with production of long chain fatty 
acids and glycerol [29]. The naturally occurring fatty acids are chiefly straight-
chain compounds containing an even number of carbon atoms and conveniently 
divided into saturated, unsaturated and branched chain acids [30]. 
 
 

 
Figure 2. 3: Hydrolysis reaction (30). 

2.4.3.2 Saponification 

 
Some amount of soap is produced during biodiesel production, using an alkali 
catalyst, and there will be more soap with recycled restaurant waste oil and 
animal fats (due to large amounts of FFA >1% w/w) and less with refined 
vegetable oils 23, 28]. The production of soap sometimes called alkaline 
hydrolyses, converts triacylglycerol to glycerol and a mixture of salts of long-
chain carboxylic acids. However, the production of fatty acids is an intermediate 
step when triglycerides are directly used for saponification [25, 29].  
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Figure 2. 4: Saponification from free fatty acids (29). 

 
Therefore, fats and oils with free fatty acid content greater than about 1 % must 
be pretreated to either remove the FFA or convert the FFA to esters before 
beginning the base catalyzed reaction. Otherwise, the base catalyst will react 
with the free fatty acids to form soap and water. The soap formation reaction is 
very fast and goes to completion before any esterification begins [28].  
After the transesterification reaction is complete, the leftover catalyst and soap 
tend to concentrate in the glycerol phase. However, some soap and a small 
amount of catalyst may be left in the biodiesel phase. During process 
development, it can be useful to know the amount of soap formed, where the 
catalyst resides, and how effective the washing process is in removing these 
two compounds [25]. 
 

2.4.3.3 Esterification 

 
The acid catalyzed esterification (a condensation reaction) occurs by the 
reaction of carboxylic acid (fatty acids) and alcohols in the presence of strong 
acids. Acid catalyzed processes are used for direct esterification of free fatty 
acids (FFAs) with a high FFA feedstock, or to make esters from soap stock [25]. 
 

 
Figure 2. 5: Esterification reaction (25). 

2.5 Additives for diesel- biodiesel blends 

 
General fuel properties of DEE and several other potential Diesel fuels are 
presented in table shown below. As a compression-ignition fuel, DEE has 
several favorable properties, including an outstanding cetane number and 
reasonable energy density for on board storage. Based on a measurement of 
ignition delay in a combustion bomb compared to known reference fuels, south 
west research institute (SWR) reported that the cetane number of DEE is higher 
than 125 [16]. Others have reported lower equivalent cetane numbers based on 
blending value, as discussed below. 
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DEE is a liquid at ambient conditions, which makes it attractive for fuel handling 
and infrastructure requirements. Storage stability of DEE and blends of DEE are 
of concern because of a tendency to oxidize, forming per oxide in storage that 
anti-oxidant additives may be available to prevent storage oxidation. 
 
Concerns about detrimental impacts on air quality from DEE are related to its 
volatility and to its propensity toward per oxidation in the liquid phase follows a 
different mechanism than that which occurs in the atmosphere. Flammability 
limits for DEE are broader than those of many fuels, but the rich flammability 
limit of DEE is in question. DEE is widely known as an anesthetic, which may be 
of concern for direct human health impacts. 
 
DEE’s lubrication properties are known, but these probably pose less of a 
problem than expected for diemethylether. In summary, DEE has some 
attractive fuel properties relative to use in compression-ignition engines, but its 
properties also raise some concerns. The concerns do not appear to be 
seriously limiting in nature and may be addressed though appropriate fuel 
handling provisions [16].  
 
 Table 2. 3: Properties of diethyl ether (16) 

S. No Properties Diethyl ether 

1 Formula C2H5OC2H5 

2 Boiling point0F 94 

3 Reid vapour  pressure,psi@1000F 16.0 

4 Cetane number >1250 

5 Auto ignition temperature , 0F 320 

6 Stoichiometric air/fuel ratio, wt/wt 11.1 

7 Flammability limits, vol% rich  9.5 to 36 

8 Flammability limits, vol% lean  1.9 

9 Lower heating value Btu/lb 14,571 

10 Lower heating value Btu/gal 86,521 

11 Viscosity,mm2/sec  at 20 0C 0.23 

12 Specific gravity @600F 0.714 

13 Density, lb/gal 5.946 

2.6 Basic measurements 

 
The basic measurements to be undertaken to evaluate the performance of an 
engine on almost all tests are the following: 

 

 Speed 

 Fuel consumption 

 Air consumption 

 Smoke density 

 Brake horse-power 
In addition to above a large number of other measurements may be necessary 
depending up on the aim of the test. 
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2.6.1 Measurement of speed 

 

One of the basic measurements is that of speed. A wide variety of speed 
measuring devices are available in the market. They range from a mechanical 
tachometer to digital and triggered electrical tachometers. The best method of 
measuring speed is to count the number of revolutions in a given time. This 
gives an accurate measurement of speed. Many engines are fitted with such 
revolution counters. 
 
A mechanical tachometer or an electrical tachometer can also be used for 
measuring the speed. The electrical tachometer has a three-phase permanent-
magnet alternator to which a voltmeter is attached. The output of the alternator 
is a linear function of the speed and is directly indicated on the voltmeter dial. 
 
Both electrical and mechanical types of tachometers are affected by the 
temperature variations and are not very accurate. For accurate and continuous 
measurement of speed a magnetic pick-up placed near a toothed wheel 
coupled to the engine shaft can be used. 
 
The magnetic pick-up will produce a pulse for every revolution and a pulse 
counter will accurately measure the speed. 
 

2.6.2 Fuel consumption measurement 

 
Fuel consumption is measured in two ways:- 

 The fuel consumption of an engine is measured by determining the 
volume flow in a given time interval and multiplying it by the specific 
gravity of the fuel which should be measured occasionally to get an 
accurate value; 

  Another method is to measure the time required for consumption of a 
given mass of fuel; 
 

Accurate measurement of fuel consumption is very important in engine testing 
work.  
As already mentioned two basic types of fuel measurement methods are: 

 

 Volumetric type. 

 Gravimetric type. 
 

Volumetric type flow meter includes Burette method, Automatic Burrette flow 
meter and Turbine flow meter. 
 
Gravimetric fuel flow measurement is used when the efficiency of an engine is 
related to the kilograms of fuel which are consumed and not the number of 
liters. The method of measuring volume flow and then correcting it for specific 
gravity variations is quite inconvenient and inherently limited in accuracy. 
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Instead if the weight of the fuel consumed is directly measured a great 
improvement in accuracy and cost can be obtained.There are three types of 
gravimetric type systems which are commercially available include Actual 
weighing of fuel consumed, Four Orifice Flow meter, etc. 
 

2.6.3 Measurement of air consumption 

 
One can say the mixture of air and fuel is the food for an engine. For finding out 
the performance of the engine accurate measurement of both is essential. 
 
In IC engines, the satisfactory measurement of air consumption is quite difficult 
because the flow is pulsating, due to the cyclic nature of the engine and 
because the air a compressible fluid. Therefore, the simple method of using an 
orifice in the induction pipe is not satisfactory since the reading will be pulsating 
and unreliable. 
 
All kinetic flow-inferring systems such as nozzles, orifices and ventures have a 
square law relationship between flow rate and differential pressure which gives 
rise to severe errors on unsteady flow. Pulsation produced errors are roughly 
inversely proportional to the pressure across the orifice for a given set of flow 
conditions. The various methods and meters used for air flow measurement 
include: 

 

 Air box method, and 

 Viscous-flow air meter. 
 

2.6.4 Measurement of exhaust smoke 

 
All the three widely used smoke meters, namely, Bosch, Hartridge, and PHS 
are basically soot density (g/m3) measuring devices, that is, the meter readings 
are a function of the mass of carbon in a given volume of exhaust gas. 
Hartridge smoke meter works on the light extinction principle. 
 
The basic principles of the Bosch smoke meter is one in which a fixed quantity 
of exhaust gas is passed through a fixed filter paper and the density of the 
smoke stains on the paper are evaluated optically. In a recent modification of 
this type of smoke meter units are used for the measurement of the intensity of 
smoke stain on filter paper. 
 
In Von Brand smoke meter which can give a continuous reading a filter tape is 
continuously moved at a uniform rate to which the exhaust from the engine is 
fed. The smoke stains developed on the filter paper are sensed by a recording 
head. The single obtained from the recording head is calibrated to give smoke 
density. 
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2.6.5 Measurement of brake power 

 
The brake power measurement involves the determination of the torque and the 
angular speed of the engine output shaft. The torque measuring device is called 
a dynamometer. 
 
Dynamometers can be broadly classified into two main types, power absorption 
dynamometers and transmission dynamometer. Figure 2.6 shows the basic 
principle of a dynamometer. A rotor driven by the engine under test is 
electrically, hydraulically or magnetically coupled to a stator. For every 
revolution of the shaft, the rotor periphery moves through a distance 2π r 
against the coupling force.  

 
 

 
 
Figure 2. 6: Basic principle of dynamometer (16) 
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3.  MATERIALS AND METHODS 

3.1 Materials  

 
The castor seed, Methanol, Potassium hydroxide, Diethyl ether, Diesel fuel, 
Phosphoric acid, Sodium hydroxide, Sodium chloride, Activated charcoal, 
Distilled water and Soap were obtained from chemical selling and suppliers 
companies in Ethiopia for laboratory scale amount. All chemicals used for the 
research were analytical grade. 
 
Additional materials were used for this research: reactor, flask, beaker, 
measuring cylinder, separatory funnel, protective equipment, 4-stroke diesel 
engine, engine dynamometer, thermometer, hot plate with magnetic stirrer, 
digital balance and glassware. 

3.2 Methodology of the research 

 
The methodology of the research were the batch laboratory scale production of 
biodiesel from castor oil, methanol and potassium hydroxide catalysis through 
transesterification methods and the performance of castor biodiesel and petro 
diesel blends with and without diethyl ether additive were conducted in a four 
stroke diesel engine.   
 

3.2.1 General method to conduct the experiment 

 
This research was conducted mainly based on the following experimental 
procedures.  
 

1. Extraction of castor oil was conducted. 
2. Physical properties of the oil were conducted. 
3. Vegetable oil was measured and charged to the reactor. 
4. The required amount of methanol was placed in to a small flask. 
5. The heterogeneous catalyst was measured and prepared for 

transesterification reaction. 
6. The Methanol-catalyst and oil mixture were poured in to the reactor and 

heated under the required agitation speed and parameters. 
7. The transesterification reactions were carried out in the reactor.  
8. Phase Separation of glycerol and biodiesel were carried out. 
9. The physical property of the biodiesel was measured. 
10. Castor biodiesel and petro diesel blends with and without diethyl ether 

additive were prepared. 
11. Castor biodiesel and petro diesel blends with and without diethyl ether 

additive were characterized. 
12. Castor biodiesel and petro diesel blends with and without diethyl ether 

additive performance tests were carried out. 
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3.2.2 Extraction of castor oil 

 
The caster seed purchased from a local market was first dried at 50 °C to 
remove some moisture from the seed. The dried seed was dehusked by using 
Beco disk mill with disk space of 1.875.  
The kernels were separated from the husk by sifting and stored in a plastic bag 
until the next process. Prior to the extraction process, the clean kernels were 
grounded by using Fritsch cutting mill to 2.0 mm. 
 
The method used to extract the oil was mechanical pressing of the castor seed 
by a human operated hydraulic pressing machine which is available in the work 
shop of mechanical department of at Addis Ababa Institute of technology. 
  
After the extraction was completed, all of the remaining solution was transferred 
to distillation flask and the mixture was distilled to separate hexane from the 
extracted oil. The amount of oil extracted was calculated by equation 3.1. From 
50 kg castor seed 18 liters oil were obtained. 
 

% 𝑂𝑖𝑙 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑜𝑖𝑙

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑒𝑒𝑑
∗ 100                                                 (3.1) 

 

3.2.3 Purification of the crude castor oil 

3.2.3.1 Degumming 

 
The crude castor oil contains phosphatides, gums and other complex 
compounds which can promote hydrolysis (increase in free fatty acid) of 
vegetable oil during storage. In further purification process such as 
transesterification these compounds can also interfere. Therefore these 
compounds are removed by degumming process. In the laboratory the crude oil 
was degummed by acid degumming process. 
 
In acid degumming process a combination of water and 85% phosphoric acid 
were used. The crude oil first heated to 70 °C under stirring at 1000 rpm in a 
jacketed glass vessel connected to a circulation thermostat. 3% of distilled 
water (which was heated to approx. to 90 °C) and 2 % phosphoric acid (85%) 
were added to the vessel. The mixture was stirred for 1 hour. The black formed 
precipitate was separated by centrifuging for 0.5 hour at 3500 rpm. The 
degummed oil was dried at 100 °C for 0.5 hour under reduced pressure using 
rotary evaporator [37]. 
 

3.2.3.2 Neutralization by caustic treatment 

 
NaOH (0.5 N) solution was added to the degummed oil (which was heated to 
approx. 70 °C) constant stirring at 1000 rpm in a jacketed glass vessel 
connected to circulating thermostat) to neutralize the free fatty acids. Sodium 
chloride (about 10% of the weight of the oil) was added to help settle out the 
soap formed.  
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After 1 hour mixing the mixture was transferred into a separating funnel and 
allowed to stand for 1h; the soap formed was separated from the oil. Hot water 
was added again and again to the oil solution until the soap remaining in 
solution was removed.  
 
The neutralized oil was then drawn off into beaker. The appropriate amount of 
alkaline solution (NaOH) required to neutralize the free fatty acid was calculated 
by equation 3. 2. 
 

𝐿 =
𝜌∗𝐹𝐹𝐴∗1000

𝑀∗𝑁
                                                            (3.2) 

 
Where L - appropriate volume of N-molar aqueous NaOH solution (l); 

 𝜌- density of the oil  
M -average molecular weight of the fatty acids (M -278); 
 N -concentration of the aqueous NaOH solution (mol/l). 
 

3.2.3.3 Bleaching 

 
Bleaching was carried out to reduce color and the remaining traces of 
phospholipids, soap, metals and oxidation products. It was carried out using 
activated charcoal as bleaching agent. 0.46 gm of activated charcoal was used 
to 15.45 gm oil. The mixture was heated to 30 °C and stirred at 1200 rpm for 30 
minutes in a jacketed glass vessel. The activated charcoal was separated by 
using vacuum filtration. The filtered oil was washed with half amount of distilled 
water (W/W) for three times to remove residues and after wards dried at 100 °C 
and reduced pressure for 30 minutes by using rotary evaporator [30]. The 
purified oil was stored at room temperature in a glass vessel. 
 

3.2.4 Laboratory preparation of biodiesel 

 
The batch transesterification reaction system was employed in this work. A 
2000 ml jacketed glass reactor equipped with mechanical stirrer, thermometer, 
and condenser was used in all experiments. The reactor was connected to a 
circulating thermostat which was capable of controlling the temperature to within 
deviation of 1 °C. A mechanical stirrer fitted with stainless steel propeller 
provided the mixing requirement .  
 
Two grams of potassium hydroxide (KOH) pellets was mixed in each 100ml of 
methyl alcohol and well dissolved.  25ml of the above solution was used for 
l00ml of castor oil (1:4 ratios). The oil was taken in a beaker and heated to a 
temperature of 50 °C. Keeping the oil temperature at 50 °C, methyl alcohol and 
potassium hydroxide solution was added to it and stirred vigorously for not less 
than 30 minutes using a hot plate with magnetic stirrer. Two phases were 
obtained at the end of the reaction, ester and crude glycerol. The entire mixture 
then settles and glycerol was left on the bottom and a methyl ester (biodiesel) 
was left on top. After settling was completed, the glycerol was then carefully 
transferred into another beaker.  
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The next step after separation of glycerol was biodiesel washing. Washing the 
biodiesel is necessary to remove excess catalyst, glycerol, and glycerides not 
fully reacted that would be detrimental to an engine.  The last step was drying 
the biodiesel. 
 
 
 

 
 

 Figure 3. 1: Stages of castor Biodiesel Production (38). 

 

3.2.5 Preparation of castor biodiesel and petro diesel with and without 
         diethyl ether additive 
 
For testing of the kinematic viscosity and performance of castor biodiesel and 
petro diesel with and without diethyl ether additive seven samples were 
prepared which are B0, B10, B15, B20, B10DEE5, B15DEE5, and B20DEE5. 
Three liters of each type were prepared as shown in Table 3.1 but each had 
different blending composition. 
 
 
 Table 3. 1: Prepared fuel blends composition without additive and with 
                   Additive (39) 

 
 
 
 

 

 

 

Blends  Diesel fuel 
(liters) 

Castor biodiesel 
(liters) 

Diethylether 
(liters) 

B0 3    

B10 2.7  0.3   

B15 2.55  0.45   

B20 2.4  0.6   

B10DEE5 2.55  0.3  0.15  

B15DEE5 2.4  0.45  0.15  

B20DEE5 2.25  0.6  0.15  
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3.2.6 Performance testing 

 
In this stage of the research, the performance of the fuel was measured using 
Hydraulic dynamometer in four stroke diesel engine available in Addis Ababa 
Institute of Technology at Thermal work shop.  The blends of biodiesel with and 
without diethylether additive and the base fuel (petro-diesel) which was used as 
a performance comparator for the blends which were tested.  
 
The fuels tested were B10, B15, B20, B10DEE5, B15DEE5, B20DEE5 and B0. 
Torque, Power and Specific Fuel Consumption (SFC) of the tested fuels were 
compared with each other. The biodiesel blends with additive were compared 
without additives and also compared with that of petro-diesel. 
 
The performance of the engine with different blends of biodiesel with and 
without additives and petro diesel can be evaluated by measuring torque and 
fuel flow rate at different speeds. The power and brake specific fuel 
consumption was calculated. 
 
The following test procedure was fused for fuel performance test. 

 The engine was warmed up to its operating temperature before starting 
the test. 

 Using the RPM adjuster the fuel rack was set (50%) to a speed of 2500 
rpm. 

 Then the speed was gradually reduced by the load adjuster controlling 
the dynamometer resistance.  

 The engine performance characteristics torque, Speed and fuel flow rate 
were measured at different speeds at equal intervals in the   speed range 
of 1000 rpm to 2500 rpm. 

By following the above procedure, first the performance of the base fuel B0 was 
tested then followed by other blend fuels B10, B15, B20, B10DEE5, B15D EE5, 
and B20DEE5.  

 

 
 

 Figure 3. 2: Performance testing setup block diagram 
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 Figure 3. 3: Performance testing setup block diagram (40) 
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4. ANALYTICAL METHODS 

4.1 Characterization of the purified castor oil physicochemical 
      properties 

4.1.1 Determination of specific gravity 

 

The sample was filled into graduated cylinder (250 mL) and its temperature was 
recorded. Hydrometer was used to measure the SG of the oil at 20 °C specified 
by Figure 4.2. 
 

4.1.2 Determination of kinematic viscosity 

 
Cannon-Fenske glass capillary Viscometer Tube was used to determine the 
viscosity of oil in memmert oven, and the sample was kept in the bath for 30 
mins to reach the equilibrium temperature of 40 °C. The time (t) was measured 
for a fixed volume of liquid to flow under gravity through the capillary of a 
calibrated viscometer and at a closely controlled and known temperature. The 
kinematic viscosity is then equal to the product of this time and a calibration 
constant for the tube as ASTM2, 2002. 
 
Kinematic Viscosity = C*t                                         (4.1) 
 
 where  
              C - Calibration constant given by the viscometer 
               T - time 
 

 
Figure 4. 1: Hydrometer for measuring specific gravity 
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Figure 4. 2: Cannon-Fenske glass capillary Viscometer layout 

 

4.1.3 Determination of acid value (AV) or acid number 

 
Standard alcoholic KOH solution (0.1 N) was prepared by dissolving 5.6 gm of 
KOH (pellet) to one liter of (95%) ethanol. The solution was filtered and stored 
in brown bottle for five days. A phenolphthalein 10 gm per liter of 95% v/v 
ethanol was used us indicator. A mixture of 1+1 v/v ethanol 95% v/v and diethyl 
ether was prepared by mixing 500 ml diethyl ether and 500 ml of ethanol. The 
solution was neutralized in a presence of 0.3 ml of indicator per 100 ml of 
mixture by means of ethanolic KOH solution. 
 
A weighed quantity of the sample (5 gm) was dissolved in 150 ml of 1+1 mixture 
of ethanol and diethyl ether previously neutralized. The solution was titrated 
with 0.1N ethanolic KOH solution in presence of phenolphthalein indicator. The 
volume of 0.1 N KOH (V) for the sample titration was noted. The total acidity 
(acid number) in mg KOH/ gm was calculated using equation 4.2. 
 
 

𝐴𝑐𝑖𝑑 𝑁𝑢𝑚𝑏𝑒𝑟 =
V∗N∗56.1

M
                                                  (4.2) 

 
Where:-  
           V - Volume expressed in mili liter of 0.1 N solution of ethanolic KOH 
 M - Mass in gram of test portion 
 N - Concentration of ethanolic KOH 

 

4.1.4 Determination of saponification number (SN) 

 
The SN determination was conducted by dissolving the fat or oil in an ethanol 
solution which contains a known excess of KOH. This solution was then heated 
so that the reaction goes to completion. The unreacted KOH was then 
determined by adding an indicator and titration the sample with HCl.  
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About 40 g filtered oil (W) was weighed into a 200 ml conical flask with an 
accuracy of 1 mg. 50 ml of 0.5 N ethanolic potassium hydroxide solution was 
added to the cold oil and the reflux condenser attached to the flask. The mixture 
was heated, and as soon as the ethanol boils, the flask was occasionally 
shaken until the oil was completely dissolved, and the solution boiled for half an 
hour. After the oil was completely dissolved, 1ml phenolphthalein indicator was 
added and the hot soap solution obtained was slowly titrated with 0.5 N 
hydrochloric acid (and volume Va was recorded). And a blank determination 
was carried out upon the same quantity of potassium hydroxide solution at the 
same time and under the same conditions (and volume Vb was recorded). The 
final result was calculated using equation 4.3. 
 

𝑆𝑎𝑝𝑜𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑁𝑢𝑚𝑏𝑒𝑟 =
(Vb − Va) ∗ N ∗ 56.1

W
                                     (𝟒. 𝟑) 

  
Where:-  
             W - Weight of oil taken in gram 
    N - Normality of HCL solution 
    Va - Volume of HCl solution used in the test in milliliter 
   Vb- Volume of HCl solution used in black in milliliter 
 

4.2 Characterization of fuels  

4.2.1 Determination of kinematic viscosity of the fuels 

 
The procedure described in section 4.1.2 was used to determine the kinematic 
viscosity of the fuels. 
 

4.2.2 Performance parameters of the fuels  

 
During performance test the speed, brake torque and mass flow rate of fuel 
were noted directly from gauges. Brake power was calculated from the brake 
torque and engine speed. Brake specific fuel consumption (BSFC) was 
calculated from the mass flow rate of fuel and brake power.  
 

  
                                                                           (4.4) 

 
 
Where:- 

  pb- brake power in Kw 
           Tb- brake torque in Nm 
           N-angular speed in RPM 
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B. s. f. c = (10 ∗ 3600 )/(pb ∗ t ∗ 1000)                                (4.5) 
 
Where:-        

            B.s.f.c - brake specific fuel consumption 
                        Pb – brake Power 
                        t-time for  10gm of fuel consumption 
 
The performance characteristics (Torque, power and fuel consumption) were 
compared with each other and that of the petro-diesel (B0).  
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5. RESULTS AND DISCUSSIONS 

5.1 Oil extraction, purification and characterization 

 
The oil content of the castor seeds were determined, in which the oil content 
resulted for the extraction experiments were on average 52% by mass. This 
result was in agreement to the result reported by ASTM standards. 
 
During the purification process the color of the oil changes from the dark yellow 
to light yellow. This was as a result of the reduction in the phosphatides, free 
fatty acid and coloring compounds. 
 
The acid value, the kinematic viscosity, specific gravity and the saponification 
number of the crude castor oil and the purified castor oil were determined and 
the results depicted in Table 5.1 
 
 Table 5. 1: Observed physicochemical properties of crude castor oil and 
                    purified castor oil 
 

Properties Crude castor oil Purified oil 
 

Acid value (mg KOH/gm) 12.91 0.677 
 

Kinematic viscosity at 20 
oc (mm2/sec ) 
 

46.81 40.44 
 

Specific gravity 0.910 0.90 
 

Saponification number 205.7 218.8 
 

 
 
The acid value of the crude castor oil was in agreement with the value reported 
by other researcher’s [42] which was (3-38 mg KOH/gm). The kinematic 
viscosity of the crude castor oil was high. The variation in viscosity may be 
occurred from the dependence of chemical composition of the crude oil on agro 
climatic conditions. The specific gravity of the castor oil was in agreement with 
the result reported by other researcher’s [41] which was 0.914. But the 
saponification number of the crude oil was higher that the result reported by 
other researcher’s [41] which was (188-193 mg KOH/gm), the rise in 
saponification number was caused by the variation of fatty acid composition 
depending on the agro climatic condition.  
 
According to Table 5.1 the acid value of the crude castor oil was not in the 
range, which was acceptable for base catalyzed transesterification reaction 
(acid value of oil should be below 2mg KOH/g) and preferably < 0.05%, 
according to ASTM and EN standards. Therefore the oil was treated to reduce 
the acid value to 0.677 mg KOH/gm which was less than the required acid value 
to use for base catalyzed transesterification process. 
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5.2 Biodiesel yield 

 
The biodiesel was synthesized using batch wise transesterification process. 
After washing three times with hot water, the clear solution of biodiesel was 
measured. The biodiesel production yield (volume percent of the oil) was 
92.08% by volume. This highest biodiesel yields shows the potential of castor 
oil for production of biodiesel. 

5.3 Kinematic viscosity of tested fuels 

 
After preparation of the tested fuels only the kinematic viscosity were measured 
and the measured results were presented in Table 5.2. As shown from Table 
5.2 the kinematic viscosity of the tested fuels was changed. For instance, 
kinematic viscosity changes in percent were 23.5%, 22.5% and 18.7% for 
B10DEE5, B15DEE5 and B20DEE5 respectively.  
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 Table 5. 2: Kinematic viscosity of tested fuels 

S 
No 

property Tests 
AST
M 

Limits 
6751-07b 

Test result 

B0 
(literature
) 

B10 
(literature) 

B15 
(literature) 

B20 
(literature) 

B10 
DEE5 

B15 
DEE5 

B20 
DEE5 

1 Kinemat
ic 
viscosit
y 
@400C, 
mm2/s   

D445 1.9_6 3.81 4.54 4.76 4.97 3.47 3.78 4.04 
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5.4 Performance test 

 
The performance test was carried out by taking 10 gms of fuel consumption at 
different speeds or 50% throttle position results were compiled in Tables 5.3 to 
5.9. Each performance characteristics (Torque, power and fuel consumption) 
were compared with each other and that of the petro-diesel (B0). 
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Table 5. 3: Time taken for 10gms of fuel consumption at different speeds (50% throttle position) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5. 4: Torque results of tested fuels (50% rack position)  
 

Speed B0 B10DEE5 B10 B15DEE5 B15 B20DEE5 B20 

1000 85 83 81 80 78 78 76 

1250 90 88 86 85.5 84 83 80 

1500 87 84 83 83 81 80.5 78 

1750 81 80 77 75 72 71 69.5 

2000 70 69 67 66 64 63 61 

2250 60 55 54 51 49 48.5 47 

2500 42 41 39.5 39 39 38.5 37 

 

 

  
Speed(rpm) 

Time (second) 

S No 
 
B0 

 
B10 

 
B15 

 
B20  

B10DE
E5 B15DEE5 B20DEE5 

1 1000 15.06 13.78 14.89 14.97 14.81 14.81 14.89 

2 1250 14.16 12.45 13.67 13.66 13.56 14.31 14.41 

3 1500 13.01 11.61 12.85 12.1 12.53 12.56 12.67 

4 1750 11.85 10.45 10.75 10.85 11.51 11.51 11.66 

5 2000 12.02 10.56 11.01 11.41 11.98 11.66 11.81 

6 2250 13.31 11.35 12.97 12.64 12.87 12.86 13.30 

7 2500 15.81 12.16 13.11 12.62 13.29 14.90 15.11 
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Table 5. 5: Power results of tested fuels (50% rack position) 

Speed B0 B10DEE5 B10 B15DEE5 B15 B20DEE5 B20 

1000 8.905 8.7003 8.4901 8.3834 8.1732 8.173 7.9631 

1250 11.785 11.53 11.258 11.198 11.006 10.871 10.472 

1500 13.666 13.201 13.048 13.045 12.723 12.645 12.26 

1750 14.853 14.675 14.1271 13.763 13.207 13.028 12.737 

2000 14.67 14.463 14.0361 13.823 13.407 13.204 12.78 

2250 14.138 12.956 12.7233 12.03 11.561 11.431 11.102 

2500 10.997 10.739 10.3662 10.231 10.216 10.081 9.7023 

 
 
Table 5. 6: BSF results of tested fuels (50% rack position) 

Speed B0 B10DEE5 B10 B15DEE5 B15 B20DEE5 B20 

1000 0.2598 0.2781 0.2816 0.29 0.2942 0.2974 0.3042 

1250 0.2135 0.2303 0.2258 0.2415 0.2358 0.2488 0.2517 

1500 0.2009 0.2212 0.2121 0.2298 0.2202 0.237 0.2338 

1750 0.2045 0.2269 0.2169 0.2537 0.2584 0.268 0.2705 

2000 0.1945 0.2182 0.2134 0.2365 0.2255 0.2476 0.2416 

2250 0.1885 0.2198 0.2126 0.2392 0.2401 0.2517 0.2522 

2500 0.2063 0.2577 0.2197 0.2648 0.2365 0.2687 0.2724 
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Table 5. 7: Torque changes % versus speed of different fuel blends to B0 

Sample 
No. Speed 

B10 
compared 
to B0 

B10DEE5 
compared 
to B0 

B15 
compared 
to B0 

B15DEE5 
compared 
to B0 

B20 
compared 
to B0 

B20DEE5 
compared 
to B0 

1 1000 4.7059 2.3529 8.2353 5.8824 10.5882 8.2353 

2 1250 4.4444 2.2222 6.6667 5.0000 11.1111 7.7778 

3 1500 4.5977 3.4483 6.8966 4.5977 10.3448 7.4713 

4 1750 4.9383 1.2346 11.1111 7.4074 14.1975 12.3457 

5 2000 4.2857 1.4286 8.5714 5.7143 12.8571 10.0000 

6 2250 10.0000 8.3333 18.3333 15.0000 21.6667 19.1667 

7 2500 5.9524 2.3810 7.1429 7.1429 11.9048 8.3333 

 
 

Table 5. 8: Power changes % versus speed of different fuel blends to B0 

Sample 
No. Speed 

B10 
compared 
to B0 

B10DEE5 
compared 
to B0 

B15 
compared 
to B0 

B15DEE5 
compared 
to B0 

B20 
compared 
to B0 

B20DEE5 
compared 
to B0 

1 1000 4.6592 2.2987 8.2179 5.8574 10.5772 8.2201 

2 1250 4.4718 2.1638 6.6084 4.9826 11.1404 7.7539 

3 1500 4.5222 3.4026 6.9003 4.5441 10.2883 7.4689 

4 1750 4.8872 1.1984 11.0806 7.3379 14.2456 12.2884 

5 2000 4.3211 1.4110 8.6115 5.7737 12.8814 9.9959 

6 2250 10.0064 8.3590 18.2254 14.9095 21.4755 19.1456 

7 2500 5.7361 2.3452 7.1010 6.9655 11.7732 8.3295 
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Table 5. 9: BSF changes % versus speed of different fuel blends to B0 

Sample 
No. Speed 

B10 
compared 
to B0 

B10DEE5 
compared 
to B0 

B15 
compared 
to B0 

B15DEE5 
compared 
to B0 

B20 
compared 
to B0 

B20DEE5 
compared 
to B0 

1 1000 -8.369 -7.03 -13.25 -11.6 -17 -14.474 

2 1250 -5.79 -7.865 -10.47 -13.15 -18 -16.55 

3 1500 -5.541 -10.07 -9.585 -14.36 -16 -17.97 

4 1750 -6.033 -10.95 -26.32 -24.04 -32 -31.04 

5 2000 -9.733 -12.19 -15.95 -21.65 -24 -27.353 

6 2250 -12.79 -16.63 -27.38 -26.92 -34 -33.565 

7 2500 -6.488 -24.91 -14.65 -28.35 -32 -30.263 
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5.4.1 Effect of torque verses speed of test for various fuel blends 

 
The trend of the torque versus speed is almost similar to neat diesel fuel. The curves 
of the torque verses engine speed illustrated above show that pure diesel fuel 
produces large amount of toque than castor biodiesel blends with and without DEE. 
But castor biodiesel which has DEE produces large amount of torque than castor 
biodiesel not added with adding DEE. This is due to its oxygen content and effect on 
lowering the viscosity of the blend, which may lead to an improvement in the 
combustion process.     
 
From Figures 5.1 the torque percentage variation of fuels with DEE additive increase 
with increase engine speed, this shows the percentage change of torque at lower 
speed is small, because even though the fuel has higher viscosity than B0 it has 
sufficient combustion time. At higher engine speed the percentage torque variation is 
higher; this is due to the high reciprocating motion of the piston the fuel cannot get 
sufficient time to be evaporated and combusted due to pure atomization. 
 
However when we compare with and without additive, the percentage change of 
fuels with DEE is very much smaller that of without additive, this is due to the 
decrease in viscosity of the fuel due to the additive of DEE.  
 

 
 
 Figure 5. 1: Torque versus speed of different fuel blends to B0 
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5.4.2 Effect of power versus speed of different fuel test for various fuel 
          blends 

 
From Figure 5.2 it is possible to say that the trend of the curves is almost similar. But 
the power output from diesel fuel is higher. Power reduces as the percentage of the 
biodiesel increases in the blends due to the reduction in the heating values of the 
blends. But by adding diethylether it is observed that the torque and power output of 
blends increased. 
 
Table 5.8 shows that comparing power percentage difference between fuel with and 
without DEE to the neat diesel fuel, with DEE is less power difference than without 
DEE, this is due to DEE the fuel has less viscosity than without DEE, this increase 
atomization of fuel to easily burn in the combustion chamber. 
 

 
Figure 5. 2: Power versus with speed of different fuel blends to B0 

 

5.4.3 Effect of break specific fuel consumption verses speed of test for 
          Various fuel blends 

 
From Figures 5.3 . it is possible to say that the trend of the curves for all blends is 
similar and comparable with that of the petro diesel. But the BSFC observed to be 
higher in the case of biodiesel blends when compared to petrodiesel.  
 
This may be due to that biodiesel is an oxygenated fuel. The higher fuel viscosity 
may also reduce the fuel atomization, and could result in higher unburned HC 
emission and fuel consumption.  
 
However, this increase was partially compensated by adding diethyl ether which has 
low viscosity. It is clearly seen in the graph that the fuel consumption of biodiesel 
blend without diethylether is more than the fuel consumption of biodiesel blend with 
diethylether additive.  

0

2

4

6

8

10

12

14

16

1000 1250 1500 1750 2000 2250 2500

P
o
w

er
 (

K
W

) 

Speed (rpm) 

B0

B10DEE5

B10

B15DEE5

B15

B20DEE5

B20



43 

 

Table 5.9 shows that BSFC percentage difference which is compared to fuels with 
and without DEE to the neat diesel fuel,from this figures the difference between 
diesel fuel and with DEE adding fuel is smaller than without DEE fuels, this is due to 
DEE the fuel is atomized and easly burned this decreased the fuel consumption.    
 

 
 

 Figure 5. 3: BSF consumption versus speed of different fuel blends to B0 
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

 
Biodiesel was prepared from purified castor oil with methanol and KOH through 
transesterification method in the laboratory scale batch production.  
 
Castor plant can grow in all type of land, weather conditions and season in Ethiopia. 
Moreover castor plant is not attacked by wild or domestic animals. Hence, farmers 
can grow it on land which is not used for cultivation of crops, and around their farms 
as a fence to protect their crops from animals attack. This will become additional 
income for the farmers.   
 
The oil content of the castor seeds were determined, in which the oil content resulted 
for the extraction experiments were on average 52% by mass. 
 
After conducting the experiment it was found that maximum biodiesel yield of 92.08 
V % obtained. This shows the potential of castor oil for biodiesel production. 
 
For the tested fuels produced at laboratory scale, the kinematic viscosities were 
measured and changes were found and it’s due to the addition of DME. These 
experiment shows that castor biodiesel has higher kinematics viscosity, this result in 
poor atomization of the fuel. Therefore the biodiesel has to be blended with petro 
diesel and a DEE additive has to be used. 
 
However, other physicochemical properties of the tested fuels were not measured 
due to shortage of budget and unavailability of CO/CO2 gases measuring apparatus. 
 

From the experiment the performance result of tested blends of fuel (B10, B15, B20, 
B10DEE5, B15DEE5 and B20DEE5) were compared to each other and with the 
petro diesel fuel. The result indicates that blended fuel with diethyl ether showed 
good performance than the other blended fuels without DME and petro diesel. 
Hence, these shows diethyl ether takes a major role to improve performance 
characteristics of the castor biodiesel.  

 

. 
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6.2 Recommendations 

 
The present study was only focused on to evaluate the performance of castor 
biodiesel and petro diesel blends with and without diethyl ether additive in a four 
stroke diesel engine and determined only kinematic viscosity of the tested fuels. 
However, for the better understanding of the performance of the tested fuels other 
physicochemical properties of the fuels that determine the quality should be 
analyzed. 

 

During the study the production of biodiesel from castor oil with methanol and KOH 
was used through transesterification reaction.  For better understanding of the 
biodiesel production, and to determine the optimum production parameters the 
transesterification reaction kinetics at different reaction parameters should be should 
be studied in detail.  

 

The byproduct, the cake of the oil extraction process is a good fertilizer. So it is 
recommended that the farmers should use this as fertilizer adding value to this 
process. 

 

It is well known that glycerol which is obtained as a byproduct during 
transesterification process is a very valuable product. So it is recommended to find 
the ways to refine the crude glycerol obtained and use for different purpose. 

 

The researcher recommends usage of DEE additive is recommended as it 
considerably decrease viscosity of biodiesel and improving its performance. 

 

Department of Mechanical engineering must establish the engine testing facilities 
like variable compression ratio engine with data using for future research work on 
alternative fuels. 

 

It is also recommended to conduct further research on evaluation of effect of 
increasing the quantity of DEE in a given biodiesel petro diesel blend. 
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