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Abstract

A blend of Moringa Oleifera oil with diesel was developed which was considered as an alternative fuel for
diesel engines. The study considered the cost of transesterifying vegetable oil, as this adds to the cost of
blending biodiesel with diesel for a diesel engine. The results indicated M15, a blend of diesel with 15%
Moringa Oleifera oil, as the most cost effective blend. The blending was done using a vortex mixer. The
Moringa Oleifera seed oil was mechanically extracted by crushing the seed, followed by solvent extraction. The
oil was filtered, degummed and then the physicochemical properties were determined. The fuel properties of the
blend, M15, such as the kinematic viscosity, acid number, flash point, water and sediments were determined and
compared with the standard specifications of biodiesel. The purpose of the study was to develop a cost effective

blend of fuel for diesel engines
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INTRODUCTION

The growth and development of any modern
economy depends on the efficient supply of energy
and the consumption pattern. Over the years, most
economies depend on non-renewable sources of
energy, such as petroleum and coal, as the major
sources of energy. This increasing dependence on
fossil fuel has led to a fast depletion of fossil fuel and
environmental pollution (Okonkwo et al, 2006).
Today the world is faced with the challenge of global
warming which is a great threat to the future of our
planet earth. There is therefore, the need to search for
alternative sources of energy that are environmental
friendly, such as biofuel, fuel cell and solar, to be
able to meet the increasing demand for energy.

The global increase in price and fast depletion of
fossil fuel and environmental pollution has led to the
research and development of alternative fuel for
diesel engines (Okonkwo et al, 2006). Biodiesel is an
alternative fuel for diesel engines but the cost of
transesterifying vegetable oil put an additional cost
on the use of biodiesel blend with diesel in diesel
engines.

Animal fats and vegetables have been used as an
alternative to diesel fuel for decades. The diesel
engine was designed to run on vegetable oils. The
engine was demonstrated running on peanut oil.
Vegetable oil is an alternative fuel for diesel engines
and for heating oil burners. For engines designed to
burn diesel fuel, the viscosity of vegetable oil must
be lowered to allow for proper atomization of the
fuel; otherwise incomplete combustion and carbon
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build up will ultimately damage the engine (Darkstar,
2006). Many enthusiasts refer to vegetable oil used as
fuel as waste vegetable oil (WVO) if it is oil that was
discarded from a restaurant or straight vegetable oil
(SVO) or pure plant oil (PPO) to distinguish it from
biodiesel.

Rudolf Diesel, in his attempt to design an engine that
runs on coal dust, designed the one that runs on
vegetable oil. In his first idea, he hoped to make the
engine more attractive to farmers, to have a source of
readily available fuel (Allen et al, 1999). Periodic
petroleum shortages spurred researches into
vegetable oil as a diesel substitute, when straight
vegetable oil enjoyed its highest level of scientific
interest. There was the formation of the first
commercial enterprise to allow consumers to run
straight vegetable oil in their automobiles, Elsbett
(1990) cut off from oil supplies due to their use of
coconut oil to fuel their vehicles. Most diesel car
engines are suitable for the use of SVO or PPO with
suitable modifications. Principally, the viscosity and
surface tension of the SVO or PPO must be reduced
by preheating it, typically by using waste heat from
the engine or electricity, otherwise poor atomization,
incomplete combustion and carbonation may result
(Korbitz, 1999).

The production and use of liquid biofuels from local
feedstock can make a positive contribution to
improving access to sustainable and affordable
energy. Cultivation and harvesting of fuel crops can
enhance agricultural productivity and local economic
development directly as well as indirectly through
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crop by-products. In addition, some liquid biofuels
emit fewer pollutants than conventional fuels and
could significantly reduce negative impacts on public
health (Anwar and Bhanger, 2003).

Moringa oil is obtained by mechanically pressing the
seeds of Moringa Oleifera or by solvent extraction.
The oil is so stable that it does not easily undergo
rancidity. The Moringa seed yields 38 — 40% edible
oil (called ben oil, from the high concentration of
behenic acid contained in the oil) that can be used in
cooking, cosmetics, fuel and lubrications etc.
Moringa oil also possesses an exceptional oxidative
stability which may explain why the Egyptians place
vases of Moringa oil in their tombs. The oil has a
potent antioxidant which is considered to be the
factor behind its remarkable stability. This is a very
long lasting oil with a shelf life of five years.

The purpose of the study was to develop a cost
effective blend of fuel for diesel engines. A blend of
Moringa oil with diesel which can be used as an
alternative to diesel in diesel engines. The alternative
fuel will help to: reduce the cost of fuel for the diesel
engines; lower the viscosity of the vegetable oil,so as
to allow proper atomization of the fuel for complete
combustion and elimination of carbon build up,which
will save the engine from damage; for the the
emission of less pollutants than conventional fuels
and to significantly reduce negative impacts on
public health.

MATERIALS AND METHODS

Extraction of Moringa Oleifera oil

The Moringa Oleifera seeds were collected from the
Moringa field at the Sheda Science and Technology
Complex Abuja. The oil was extracted using soxhlet
extraction apparatus. The oil extracted was dried and
then filtered and degummed. The physicochemical
properties of the oil was determined before blending
with diesel.

Blending of Moringa Oleifera oil with Diesel

The blending was done using a vortex mixer at a
proportion of 15% Moringa Oleifera oil to 85% diesel
to form M15. The fuel properties of M15 was
determined and compared to the standards for
biodiesel
Physiochemical of the
Oleifera oil

The physiochemical properties of the moringa
oleifera oil were determined by volumetric analysis
using the Institute of Public analyst of Nigeria (IPAN
) analytical procedure. The kinematic viscosity was
determined with the Canon Ubbelohde glass tube
Viscometer (standard test ASTM D445 and ISO
3104). The flash point was obtained with a Setaflash
series 7 (ASTM D93). The blending of the Moringa
Oleifera oil and diesel was done with Voltex

properties Moringa

machine. Water and Sediments were determined
using a centrifuge. Cetane index was determined
using a mathematical formula:
-420.34 + 0.016G’ + 0.192GlogM + 65.01(logM) ? —
0.0001809M?
Where G = API gravity Degrees @ 60 °F
M = D86 Temperature @ 50% volume, in °F
The API gravity and the D86 Temperature
were determined by analytical procedure. The above
parameters were carried out at the Sheda Science and
Technology Complex Abuja, Nigeria.

RESULTS AND DISCUSSION

Physicochemical Properties of Moringa Oleifera
oil

The physicochemical properties of the extracted
Moringa Olifera oil (Tablel) indicated that the
Moringa Oleifera seed had 40% oil content which
was yellowish with a kinematic viscosity of
43.5mm’s™. The Moringa Oleifera oil had an acid
value of 2.89mgKOH/g. This showed that the
Moringa Oleifera seed can serve as a source of the ail
that can be used as a biodiesel. The specific gravity
of the Moringa Oleifera oil was 0.9 which was
comparable to that of the Diesel. This showed that the
oil blended very well with diesel.

Tablel: The physicochemical properties of Moringa
Oleifera Oil

S/No | Characteristics Value obtained Units

1 Colour Yellow

2 Saponification Value 191.44 mgKOH/g
3 lodine Value 68.53 wijs'

4 Peroxide Value 4.86 mEag/kg

5 Acid Value 2.89 mgKOH/g
6 Specific gravity @ 30°C 0.90

7 Kinematic viscosity @ 40°C | 43.50 mm?/s

8 Qil content 36 - 40 %

Fuel properties of M15 and Diesel

Table 2 gives the summary of the fuel properties of
blend M15 , a blend of diesel with Moringa Oleifera
oil, and Diesel. Generally, the values of kinematic
viscosity, flash point, specific gravity and cetane
index for blend M15 were comparable to those of
Diesel. This showed that the blend M15 would serve
as a very good fuel for diesel engines.

Table 2: Fuel properties of blend M15 and Diesel

Fuel Properties | Value obtained | Value obtained Units
S/No for blend M15 For Diesel
1 Kinematic 5.60 3.95 mm?/s
viscosity @
40°C
2 Flash point 89.20 88.4 °C
3 Water and | Nil Nil % Vol
Sediments
4 Specific gravity | 0.89 0.83
@ 15°C
5 Acid value 0.62 mgKOH/g
6 Cetane Index 55.88 52.98
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Table 3 gives the American Society for Testing and
Material (ASTM) standards for diesel and biodiesel
which were used to compare the fuel properties of the
blended fuel.

Table 3: Standard specifications of the American
Society for Testing and Material (ASTM) for diesel
and biodiesel

S/No | Fuel Properties Diesel Biodiesel | Units

1 Kinematic 1.3-41 | 1.9-6.0 mm?/s
viscosity @ 40°C

2 Flash point 52min 93min °Cc

(close cup)

3 Water and | 0.05max | 0.05max % Vol
Sediments

4 Specific gravity | 0.82 - g/ml
@ 15°C 0.86

5 Boiling Point
Curve 160-220 °C
- Initial Boiling | 65% Vol °Cc
Point max
-Recovery at 250

6 Acid value 0.8max mgKOH/g

7 Cetane Index 40min 47min

Kinematic Viscosity

The kinematic viscosity of blend M15 at 40 °c was
determined to be 5.6mm%s compared to the
kinematic viscosity of moringa oil which is
43.5mm?%s and diesel which is 3.95mm?/s at 40°c.
The principal challenge of poor atomization and
incomplete combustion and carbonization resulting
from the high viscosity of vegetable oil as an
alternative fuel for diesel engine is reduced by
blending the vegetable oil with diesel. This reduced
the viscosity to a value within the range of standard
specification for biodiesel. The blend M15 thus meet
the requirements of the ASTM D445 Biodiesel
standard which prescribe viscosity range of 1.9 -
6.0mm?s.

Cetane Index

The cetane index of blend M15 was determined to be
55.88 using a mathematical formula described earlier
above. The cetane number of the diesel is 52.98. The
blend of Moringa Oleifera oil with the diesel shows
an improvement on cetane index of diesel. The cetane
index of blend M15 met the cetane index requirement
in the ASTM D976 which was 47 minimum for
biodiesel.

Acid Value

The acid value of blend M15 was determined to be
0.62mgKOH/g using analytical procedure. The acid
value of Moringa oil was 2.89mgKOH/g. Free fatty
acids in Vegetable Oil can have a detrimental effect
on metals. Copper and its alloys, such as Brass, were
affected. Zinc and Zinc-plating ( galvanization) are
stripped by FFA's and Tin, Lead, Iron, and Steel were
affected too. The acid value of blend M15 met the
requirement of ASTM D664 which has a maximum
of 0.8mgKOH/qg.
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CONCLUSIONS

Blend M15 was prepared by blending 15% Moringa
Oleifera oil with petroleum Diesel. The fuel
properties of the blend was determined and compared
with ASTM standards for diesel and biodiesel. Thus
the blend M15 is an acceptable fuel for diesel engine.
Also when compared to a blend of biodiesel with
petro-diesel the blend M15 is a cost effective choice
for diesel engine
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