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Abstract

Due to scarcity of petroleum products, the used engine oils can be found useful as engine oil in engine after
purifying it. Increase in energy demand, stringent emission norms and depletion of oil resources have led
researchers to find alternative fuels for internal combustion engines. On the other hand, waste oils pose a very
serious environment challenge because of their disposal problems all over the world. In this study, waste oils are
currently receiving renewed interest. In recent years, diminishing of fossil fuel sources, growing of demand and
cost of petroleum based fuels, and environmental hazards as a result of burning of them have encouraged
researchers to investigate possibility of using alternative fuels instead of the fossil fuels. The reformer is a
machine which is used for converting waste motor oil into diesel fuel. Waste motor oil is any petroleum-based
oil that has been used. During normal use, impurities such as dirt, metal scrapings, water or chemicals get mixed
in with the oil or be generated in it due to thermal degradation or oxidation, which causes the oil quality to
gradually decrease. The method used in the construction of the reformer is the pyrolysis method which involves
heating the waste motor oil in the absence of oxygen at about 400 °C to produce a condensable vapour which is
been condensed into diesel fuel by the condensing unit of the reformer. The materials used in construction of the
reformer are the reactor (which comprises of the reflux and the still), condenser, blower, burner and the circuit
box. Diesel gotten from the process was observed to be clean, technically suitable, economically viable and less
responsible to pollute the environment. From the result, it is evident that waste oils that have been converted
into diesel are efficient and suitable to use as a diesel fuel. Though the viscosity and fuel consumption rate was
observed to be higher than normal diesel when tested on a motor vehicle.
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INTRODUCTION
The invention of the reformer is directed towards the Statement of the Problem
art of converting used motor oil to a useable fuel It assumes that the source of crude oil would be
source. Diesel is one of the petroleum products, ruined in future, as the demand of petroleum products
which is used in all kinds of compression ignition is growing at faster rate day by day. The production
engine as a fuel. It is produced from crude oil by of waste automotive engine oil is estimated at 24
various refining processes, which come out from the million tons each year throughout the world, posing a
oil wells. It assumes that the source of crude oil significant treatment and disposal problem for
would be ruined in future, as the demand of  modern society. The preferred disposal options in
petroleum products is growing at faster rate day by most countries are incineration and combustion for
day. energy recovery, though vacuum distillation and
hydro-treatment have been researched to recycle this
Currently, the market for used motor oil has stymied waste. However, these disposal routes are becoming
many reclamation and recycling efforts. Diesel is one increasingly — impracticable as concerns over
of the petroleum products, which is used in all kinds environmental pollution, and additional cost, sludge
of compression Ignition engine as a fuel. It is and wastewater disposal are recognized due to the
produced from crude oil by various refining undesirable contaminants present in waste oil. As part
processes, which come out from the oil wells. For of the growing interest in waste recycling, alternative
proper functioning of an engine, lubricating oils or  treatments have been investigated with the aim of
engine oils are used for lubrication. After a certain recovering both the energetic and chemical value of

period of time these used engine oils are taken out. the waste oil.

During lubrication about 20% of the lubricating oil is

consumed and the rest 80% are remain as such with Significance of the Study

some impurities. Thus a huge quantity of used engine e Reduce dependence on diesel fuel imports saving
oil is left and wastage from different transport sectors foreign exchange

every day. Due to scarcity of petroleum products, e Prevents ground water contamination and
these used engine oils can be used in engine as engine pollution

oil after purifying it. e  Preserves natural resources
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Eliminate improper burning of waste oil as fuel
which generates toxic fumes and air pollution.
Minimizing unemployment through the building
of used waste engine oil reformer plant.

Limitations of this Study

Used motor oil retains a high energy potential.
However, hazards and cost associated with collecting,
storing, transporting and general handling of used
motor oil has limited the efforts to collect used motor
oil for disposing or recycling

LITERATURE REVIEW

It is vital to recognize that all used and waste oils
should be collected for controlled disposals as well as
recycled to useable products. These oils are from the
automotive sources which include mono and multi-
grade crank-case oils from petrol and diesel engines,
together with industrial lubricants that have been
inadequately segregated (Gergol and La Tour, 1997).
But, due to hazards and cost associated with
collecting, storing, general handling and transporting
of waste oil for disposing or recycling that exists,
inventors have realized the need for improvement in
the art of converting waste engine oil to diesel and
hence their different works serve as tool for this
project.

Robert W. Wansbrough and Calvin E.M 1993 under
the Green Oasis Environment invented a machine
that converted waste motor oil under the cracking
temperature ranging from 520°F to 650°F, with the
cracking process promoted by the presence of
suspended metal particles generated by engine wear,
to produce a diesel fuel which could subsequently be
subjected to hydro-treatment. Their objective is to
provide for mobile processing for the conversion of
used motor oil to a diesel product. This, as well as,
providing a cracking apparatus which comprises of
cracking vessel which is the vessel in communication
with the distillation column which is also in
communication with the cracking vessel. These
apparatus helps to crack the used motor oil to a
mixture of lighter molecular weight compound of
volatile light ends and a second mixture of diesel
fuels.

Robert et al, 1997 invented a machine for converting
and processing waste motor oil into a diesel fuel
product. They observed that the cracking temperature
of 1997 model was not sufficient enough to produce
efficient diesel fuel product. The used motor oil was
cranked thermally into a diesel fuel using a low
temperature cracking temperature from 625°F to
725°F with ambient pressure to generate column
distilled fraction of diesel fuel mixed with light ends.
The light ends been flashed off to produce a high
additional product stream which when filtered, is
suitable for use. Also, a diesel fuel product which
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complied with environmental regulations and mobile
processing equipment were produced. The
application was a continuation of the application
serial no. 08/530069 filed September 19, 1995, now
abandoned, which in turn was a continuation of
application serial no. 08/248738 filed May 25, 1994,
now abandoned, which in turn was a continuation in-
part of application serial no. 07/977627, now
abandoned.

Salah B et al. 1996, investigated on co-firing used
engine lubrication oil (UELBO) with a gaseous fuel
such as LPG in a small furnace. A wide range of fuel
and air admission conditions are considered. It is
found that when even a small amount of UELBO is
co-fired with the gaseous fuel it significantly
enhances thermal radiation capabilities of the gaseous
fuel flame. For example, radiation capability of LPG
flames can be enhanced by about 80% when UELBO
at a rate of about 0.5 g/s is co-fired with 1 g/s LPG.
UELBO-based results are also compared with the
ones obtained when a diesel fuel is co-fired with LPG
in the same furnace, under operating conditions
similar to those of UELBO/LPG tests. The
comparisons confirm once more the significant role
played by UELBO in enhancing radiation heat
transfer from gaseous fuels flames. They also
highlight UELBO as a renewable energy source with
an attractive potential.

Orhan Arpa et al. 2010, investigated the
desulfurization of diesel like fuel (DLF) produced
from waste lubrication oil, and the effects of
desulfurized fuel on engine performance and
emissions. They produced the DLF by using a fuel
production system and applying the pyrolitic
distillation method. After producing the DLF,
oxidative desulfurization (ODS) method was applied
at 50 oC temperature in order to decrease the amount
of sulfur in the DLF. They named it as a low sulfur
diesel-like fuel (LSDLF). The LSDLF and a
commercial diesel fuel were used in a diesel engine
to examine their effects on engine performance and
emission parameters. The performance and emission
test results indicated that torque, mean effective
pressure and brake thermal efficiency for the LSDLF
were slightly higher while brake specific fuel
consumption, exhaust temperature and emissions of
SO2, CO and NO2 appeared to be lower than that of
the commercial diesel fuel. They concluded that the
LSDLF could be used in diesel engines without any
problems in terms of physical chemical parameters,
distillation and performance tests. MD NurunNabi et
al., investigated the suitability of using waste
transformer oil (WTO) as an alternative fuel for
compression ignition (CI) engine. In the first part of
the investigation, they investigated the different
properties and engine performance. In the later part of
the investigation WTO was refined waste transformer
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oil (RWTO) by well know trans esterification process
and again different fuel properties and engine
performance was conducted. Fuel properties with
WTO and RWTO were compared with those of
conventional diesel fuel (DF). All properties were
close to those of DF. FTIR results revealed that the
WTO is a diesel like hydrocarbon fuel. The engine
performance with WTO and RWTO was much better
than that of DF. Based on the findings, the WTO and
RWTO are suggested suitable alternative fuels for
diesel engine. Orhan Arpa et al. 2010, investigated
the effects of diesel-like fuel (DLF) on engine
performance and exhaust emission. The DLF is
produced from waste engine lubrication oil, purified
from dust, heavy carbon soot, metal particles, gum-
type materials and other impurities. The DLF is
produced by using the pyrolitic distillation method.
Characteristics, performance and exhaust emissions
tests of the produced DLF are carried out at the end
of the production. It is observed from the test results
that about 60 cc out of each 100 cc of the waste oil
are converted into the DLF. Characteristics and
distillation temperatures of the DLF are close to those
values of a typical diesel fuel sample. It is observed
that the DLF can be used in diesel engines without
affecting any problem in engine performance. The
DLF increases in torque, brake mean -effective
pressure, brake thermal efficiency and decreases in
brake specific fuel consumption of the engine to full
power of operation.

N. Miskolczi et al. 2006, studied the pyrolysis of
refuse derived fuel (RDF) in a continuously stirred
batch rig method at 450°C in the presence and
absence of catalysts. Different types of catalysts were
used for upgrading both quantity and quality of
pyrolysis products: Y-zeolite, equilibrium FCC,
ZSM-5, Ni-Mo-catalyst, Co— Mo-catalyst, silica-
alumina and alumina. RDF pyrolysis has produced
gases with yields of 15.7-27.8%, pyrolytic oils of
9.8-17.8% and water (9.2-12.8%) depending on the
types of catalyst used. Results showed that the
volatile fraction (both gas and pyrolytic oils) slightly
increased with the catalyst, especially for Y-zeolite
and ZSM-5. Catalyst gases contain CO, CO2,
hydrogen and hydrocarbons. Main chemical
compounds, such as aromatic, branched and non-
branched in pyrolytic oils have been affected by
catalysts, e.g. isomerization of main carbon frame
and aromatization have been shown increasing in
yields especially when Y-zeolite and ZSM-5 are
applied. Sulfur, nitrogen and chlorine were found as
contaminants in pyrolyticoils, however, their use of
catalyst concentration could be significantly
decreased.
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Types of Method Used in the Conversion of
Waste Motor Oil into Diesel Fuel
There are basically two types of methods which is
involved in the conversion of waste motor oil into
diesel. They are:

e  Pyrolysis method (traditional pyrolysis)

e  Microwave method (modern pyrolysis)
Pyrolysis Method (Traditional Pyrolysis)
Pyrolysis is a process which involves heating the oil
to a high temperature in the absence of oxygen and
causes the oil to break down into a mixture of gases,
liquids and a small amount of solids. The gases and
liquids can then be converted to diesel fuel.

Pyrolysis techniques have recently shown great
promise as an economic and environmentally
disposal method for waste oil the waste material is
thermally cracked and decomposed in an inert
atmosphere, with the resulting pyrolysis oils and
gases able to be used as a fuel or chemical feedstock.
The pyrolysis of waste oil is of particular interest due
to its easy storage and transportation as a liquid fuel
or chemical feedstock. The oil can be treated and
catalytically upgraded to transport-grade fuels, or
added to petroleum refinery feedstock for further
processing and upgrading. However, the process
heats the oil unevenly, producing gases and liquids
which are not easily converted into diesel fuel,
making the fuel conversion process difficult and
tedious.

Microwave Method (Modern Pyrolysis)

At the 2415 National meeting and exposition of the
American chemical society in Anaheim, California
held on the 29" march 2011, a research was presented
by researchers from the University of Cambridge.
They announced the development of a new process
for recycling waste motor oil into diesel fuel which
uses microwave and has excellent potential for going
into commercial use.

Chase and his research team say the new method
overcomes the problem of traditional pyrolysis. In
laboratory studies, his doctoral students, Su Shuing
Lam and Alan and Alan Russel mixed samples of
waste oil with a highly microwave-absorbent material
and then heated the mixture with microwaves. They
added microwaves material such as particulate
carbonais to samples of waste oil before subjecting it
to pyrolysis by heating it with microwaves. The
addition of the material caused the waste oil to heat
more evenly, allowing for highly efficient process
which converts ninety percent of the waste oil sample
into fuel. So far, the scientists have used the process
to produce a mixture of conventional gasoline and
diesel fuel
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MATERIALS AND METHODOLOGY

Materials

The reformer machine consists of various
materials/components which plays an essential role in
the construction of the reformer. They include;
Blower

Burner

Reactor

Fuel tank

Reflux

Spark plug

Propane gas tank

Condenser

Circuit box

Air delivery pipe

Waste oil delivery pipe

Reflux pipe

Functions of the Materials/Components of the
Reformer

The reactor:

The reactor is a chamber that contains the crude oil or
the waste oil that is required to be converted into
diesel fuel. The waste oil gets heated in the reactor to
about 400°C. At this temperature, the waste oil will
boil and produce steam. The steam will then move
out of the reactor into a pipe leading to the condenser.
The steam that has been produced from heating the
waste oil is a condensable gas. For this reason, the
steam going through the reflux pipe leading to the
condenser will condense when it gets to the
condenser. The product gotten from the condensation
is diesel fuel.

burner and the

F1g 3.1: the reactor connected to the
circuit box.

Fuel tank:

The reformer also have a tank that hold the fuel that
is required to fuel the heat for heating the waste oil
inside the reactor. The fuel for heating the reactor is
70% waste oil and 30% diesel. The diesel in the fuel
mixture actually heats up the waste oil that is been
converted into diesel from the heat. While the waste
oil helps to expands the volume of fuel in the fuel
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tank so that there would be much fuel to produce or
recycle more waste oil to diesel. The reformer has a
pipe that channels the waste oil used for fueling into
the burner. The tank that holds the waste oil that is
used in fueling the burner is made of propane gas
tank. The valve used in controlling the rate of flow of
the fuel is the propane gas regulator valve. This valve
helps to vary the amount of fuel getting into the flame,
so that the temperature can be controlled as needed.

The condenser

The function of the condenser in the reformer is
primarily for condensation. In order for condensation
to take place in the reformer, there has to be a means
of cooling the hot vapour or gas, and the hot
condensable gas have to be stressed up. For this
reason, the condenser of the reformer is made from a
544t 4 inch pipe. The pipe is coiled like a spring. As
the hot gas moves out of the exit of the pipe or
condenser, it is already liquid because it have
travelled a very long distance of 54ft. During this
traveling process, the hot gas is cooled with the help
of the water surrounding the condenser. Therefore
with stress and cooling, the hot condensable gas is
condensed by the condenser.
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Fig. 3.4: (i) the end view of the (l:}ondénse} J
ii. the plan view of the condenser

The reflux

The function of the reflux in the reformer is to enable
the end product from the reformer to come out in its
best form. The reflux does this; by making the
heavier gas (vapour) fall back into the reactor and
make the lighter gas go out of the reactor. When the
waste oil in the reactor begins to boil and distills, due
to the common knowledge that gravity tends to pull
down heavy weight compared to lighter weight, the
heavy gases still contains some carbon in the waste
oil. Thus, they cannot move up through the reflux. As
a result, they fall back into the reactor. Only the
lighter gases are able to continue upwards and come
out of the reactor. So they come out as clean diesel
fuel when they are condensed. The heavier gases fall
back into the reactor and boil again till it is lighter
and can therefore by condenser.

The burner

This is a 8-inch diameter and 14-inches high cylinder.
It function in the reformer is to provide a chamber
where burning takes place at intense temperature of
400°C

Fig. 3.5: the uer with a spark plug conneted to it

The reflux pipe

The function of the reflux pipe is to transfer the
lighter gases from the reflux chamber into the
condenser.

Air delivery pipe

The function of the air delivery pipe is to carry the
oxygen from the blower into the burner in order for
burning to be sustained for the given period of
operation.

Waste oil delivery pipe

The function of the waste oil delivery pipe is to carry
waste oil and diesel fuel mixture from the fuel tank
into the burner.

Circuit box

The circuit box is a wooden box with electronic
components made to supply the voltage that is needed
for spark to ignite the burner. It a made up of;
rectifier, 12v step down transformer, car ignition coil
and the starter motor. The source of the 12v for the
ignitition coil is a 12v step down transformer which
help to step down 240v a.c into 12v d.c. The 12v d.c
is further connected to a rectifier which helps to
smoothen the current, so it does not alternate. This
12v d.c is now filled into the ignition coil which now
multiply into 4000v a.c which is used to drive the
spark plug, so that the ignition spark will be made
poddible.

Fig. 3.6: the circuit box

Method of Construction

The method used in the construction of the reformer
is the traditional pyrolysis which involves is a thermo
chemical decomposition of organic material at
elevated temperatures without the participation of
oxygen. It involves the simultaneous change of
chemical composition and physical phase, and is
irreversible.

Production Process of Converting Waste Motor

QOil into Diesel

e The waste motor oil was poured into the reactor
to fill a quarter of the fill.
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A mixture of diesel and waste motor oil was
poured into the fuel tank with the valve
closed.

The burner was then ignited with the aid of the
spark from the spark plug and the propane
gas supplied into it to produce combustion.

The blower was turned on and the valve of the
fuel tank was opened to supply the mixture
of the waste motor oil and the diesel fuel to
the burner for burning to be sustained.

The waste motor oil will now start boiling at
400°C and distillation will occur in the
reactor, which causes vapour to be separated
from the liquid waste oil and moves on to
the reflux.

The heavier vapour in the reflux goes back into
the reactor for further conversion. While the
lighter ones come out from the reflux
through the reflux pipe into the condenser.

The vapour in the condenser is then transformed
into liquid by condensation and the liquids
which come out of the condenser spring is
collected and allowed to cool.

After about two hours, the waste engine oil is
observed to dried up. The blower is turned
off along with the valve of the fuel tank and
oil the reactor is allowed to cool for a while
and opened to remove the carbon black

Waste motor oil is poured back into the reactor
and the process is started again.

Design Calculations
1) Viscosity
Coefficient of viscosity or dynamic viscosity,

u=Apt.. (D)
Kinematic viscosity

v=L=4t . . . . e)

o
wheref = falling time of a liquid for a particular
distance
hence,
.= A x tw ; ‘w’ refers to
A 1<) o RPN (< ) |
& - u“-"
e 4= t_ ................... @)
)

and

Vg = A X Ejr ; ‘P refers to diesel fuel. .. . .(5)

Using the above equation, the kinematic viscosity of
different diesel fuel sample can be determined.
2) Torque produced by the diesel fuel
Torque,
Hpx4252
T=—"—" .. .(6)
RPM
Where HP = horse power of the engine when tested
with produced diesel fuel
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RPM = revolution per minutes
3) API
Specific gravity (SG) = density of diesel fuel

produced....... (7
at °C Density of water of same volume

4) Diesel index
G4 .
oo ®)
Where G = API gravity
A = Aniline point °F
5) Diesel index
DI= . ... .. .. .9

Where G = API gravity
A = Aniline point °F

6) Flash point

flash point:- The flash point is the lowest temperature
at which the diesel fuel will flash when small flame is
passed across its surface .when the diesel is heated ,it
reaches a temperature which ,if a small flame is
brought near it ,a flash spreads across the diesel .it
happens due to the volatilization of the light particles
of the diesel the flash point of the diesel should be
sufficiently high so as to avoid flashing of diesel
vapours at the temperature occurring in common use.

7) Pour point and cloud point

Pour point: the pour point of a diesel fuel is the
temperature at which the diesel will just flow without
disturbance when chilled.

cloud point: The oil change from liquid state to a
plastic or solid state when subjected to low
temperature. In some cases the oil start solidifying,
which makes it to appear cloudy. The temperature at
which this takes place is called the cloud point

RESULTS AND DISCUSSIONS

Results

The resulting diesel fuel which was obtained from
waste engine oil usually possesses better physical and
thermal properties than the typical diesel fuel.
However, due to the method of refining and poor
quality equipment used, as well as the unavailability
of some standard equipment, the properties of the
diesel fuel obtained from waste engine oil were
influenced. Therefore, the results obtained during the
testing of the diesel fuel produced from waste engine
oil in this case, differ slightly from the results
obtained when the normal diesel fuel was used on
some vehicles running on compression ignition
engine.

End Products of Waste Engine Oil Recycling

The end products of the conversion of waste engine
oil to diesel fuel are;

Diesel fuel

Carbon black
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The first end product of converting waste oil is the
clean diesel fuel. After the waste engine oil has
burned completely, the remains in the reactor is the
carbon black. For this reason, after all the recycling
process had been completed, the reactor had to be
brought down from the heat (open) and cleaned out,
for the next stage of recycling to be possible.

The colour of the diesel fuel produced tilted slightly
to brownish-yellow and when the fuel was held up to
light, it showed a light florescence. This change in
colour was due to the refining process, as the
colourtends to be lighter than that of a typical diesel
fuel. The colour of the diesel fuel was not because of
the performance, but other specifications in property
which varied due to the refining process used, and the
equipment available.

Chemical Composition of Diesel Fuel

Analysis revealed that diesel like fuel are formed
from a mixture of low and high molecular weight
aliphatic and aromatic hydrocarbons. The majority of
the hydrocarbon compound C11-C30 were detected
in waste oil. Petroleum is made up of two basic types
of molecules which are straight chains and ring
chains. Chain type molecules make good blend and
allow detonation during the engine’s compression
stroke. Overall, the result shows that waste lube oil
can be thermally cracked and condensed to diesel fuel,
comprising of valuable light aliphatic and aromatic
hydrocarbons, which could be treated and used as
either an energy source or valuable chemical
feedstock.

Table 4.1: Physical properties of diesel like fuel and
standard diesel fuel for the different samples of used
oil

Properties Diesel Diesel-like
fuel fuel

Density at (kg/m?) 878 886

Viscosity at (Kg/m.s) | 0.098 0.0868

Water (mg/kg) <200 130

Sulfur (ppm) 50 75

Lower heating value 42.700 42.500

(kJ/kg)

Pour point (oC) -11 -9

Flash point (oC) 241 240

has less hazardous and good quality during its reuse
compared to the used oil.

On testing the diesel fuel produced on different
compression ignition engines, the results obtained
showed that the physical and thermal characteristics
of the produced diesel fuel, are close to those values
obtained in a typical diesel fuel sample under the
same conditions. The starting characteristics and
efficiency was observed to be better, with high level
of cleanliness and volatility of the fuel. The colour
also was lighter than typical diesel fuel.

The fuel consumption was determined by measuring
the time taken for the engine to consume a given
volume of fuel. The specific fuel consumption of the
produced diesel fuel therefore, was found to be
higher than that of a typical diesel fuel.

The efficiency of the engine which was run on
produced diesel fuel, was higher than that of a typical
diesel. This is proof of the specific gravity which on
test was found to be higher than that of typical diesel.

The fuel combustibility properties of the produced
engine oil samples were close to that of typical diesel
of good quality. The fuel burnt at the same rate as
typical diesel,not faster, as some diesel fuels of low
specific gravity do.

Better mixing and lower smoke and odor resulted in
the test. This is evident of high volatility compared to
the typical diesel fuel, which possesses a close
volatility level to this. The power was low indicating
a difference when compared with a typical diesel fuel.

On distillation of the lighter component (diesel fuel),
it was observed that the distillation temperature
increases gradually. Under higher temperature, the
heavier residue that remained will distill off due to its
long chain.

The fuel possessed low lubricity. In the second and
third tests however, the diesel fuel obtained showed
better lubricity properties. Though, compared to the
typical diesel fuel used today, this is still low.

Table 4.2: test of diesel like fuel on engine and the
effect on performance and emission

The pour point, flash point and viscosity of the
recovered oil were increased according to the
standards while the density of the recovered oil was
decreased after removing contaminants from the used
oil. The flash point of the refined oil for each sample
is quietly improved compared to other physical
properties. So the produced diesel fuel may be proved

Characteristics Diesel-like Diesel fuel
fuel

Torque N-m 33.86 33.71

Bmep kPa 1048.21 1043.38

Thermal 40.68 37.88

efficiency %

Bsfc g/kWh 213.23 224.52

Exhaust 414 - 515 397 —-477

temperature °C
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Effect on performances

It is observed from the test results that about 4L out
of each 6L of the waste oil are converted into the
DLF. It is observed that the produced DLF can be
used in diesel engines without any problem in terms
of engine performance. The DLF increases torque,
brake mean effective pressure, brake thermal
efficiency and decreases brake specific fuel

consumption of the engine for full power of operation.

Results showed that T, Bmep, thermal efficiency and
Bsfc trends for the DLF and diesel fuel are similar in
nature. It is known that T and Bmep are directly
proportional but Bsfc is indirectly proportional with
the engine brake power given. The T, Bmep, and
thermal efficiency values obtained for the DLF are
slightly higher than those obtained for diesel fuel, but
Bsfc is lower in all revolutions. Average increases of
the T and Bmep values are approximately 0.69% for
the DLF. This was due to high distillation
temperature of the DLF than diesel fuel. In internal
combustion engines, the T increases to amaximum
point with the increase of engine speed. After that
critical point, the torque decreases step by step. The
maximum T and Bmep values obtained from the
measured data for the DLF and diesel fuel in 2000
rpm are 33.86 Nm and 33.71 Nm,1048.21 kPa and
1043.38 kPa, respectively. The corresponding
thermal efficiency and Bsfc for the same fuels and the
engine speed are 40.68% and 37.88%, 213.23 g/kWh
and 224.52 g/kWh respectively. After the maximum
and minimum values of these parameters they

decrease and increase with the engine speed gradually.

The reductions of power values of WEO and WEO
blend fuels can be attributed to slightly lower
calorific value of the WEO fuel. However, the
differences in power values of test fuels were low at
lower engine speeds. Especially, at the 1500 rpm of
engine speed the power obtained for all test fuels was
quite similar. It is expected that the Bsfc should
decrease when the brake power increases up to
engine speed of 2200 rpm. At high speeds, friction,

heat loses and deteriorating combustion increase Bsfc.

We found that the torque, Bmep, and thermal
efficiency for the DLF ishigher than those of diesel
while the Bsfc for the DLF is lower than that of
diesel. This is an important criterion that makes the
DLF advantageous. Diesel fuel is lighter than the
DLF. Distillation temperatures of the DLF are higher
than those of the diesel fuel up to 80 cc of 100 cc
volume. This indicates that DF is a more volatile fuel
than the fuel obtained from waste engine oil. High
volatility decreases volumetric efficiency and cause
vapor lock on hot climate conditions. As a result,
ignition timing, air—fuel ratio, characteristics and
higher distilled temperatures for the DLF give
slightly better performance parameters than the diesel
fuel. Therefore, T, Bmep and thermal efficiency
increase and Bsfc decreases. Test results from the
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study have clearly shown that the DLF has a positive
effect on engine performance. Bsfc is directly
affected by the fuel consumption, power value at
corresponding engine speed and calorific value of the
fuel. Since the calorific value of blend fuels of WEO
and diesel fuel is lower than that of diesel fuel bsfc
values of WEO blends were lower than that of diesel
fuels.

Effect on emissions

When the DLF sample is used, the exhaust
temperature is higher than that of the diesel sample,
and it increases with the engine speed. The measured
exhaust temperature varied between 414°C and
515°C for the DLF as compared to 397°C and 477°C
for diesel indicating remarkable variation in exhaust
temperature. The higher values in temperatures for
the DLF depend on the higher distillation
temperatures, since any fuel distilled at higher
temperature increases combustion temperature when
it is combusted. As a result of the higher combustion
temperature, exhaust gas temperature will increase.
High temperatures in the exhaust are not desirable,
for they cause higher energy transfer from the
combustion chamber to the surrounding. High heat
transfer decreases thermal efficiency of the engine at
a finite value. At high speeds of the engine the lowest
CO emissions were obtained from the diesel fuel.
Therefore, when the engine speed increased, CO
emissions increased for all test fuels. However, at the
higher speeds of engine operation. WEO fuel resulted
in higher NOx emissions. The amounts of SO2
emissions found in the engine exhaust were almost
linear with the WEO amount contained in the blend
and considerably higher than that of diesel fuel since
WEO contains a sulfur amount 4.5 times higher than
that of diesel fuel. Therefore, it can be recommended
that the sulfur amount of WEO fuel should be
decreased.

Table 4.3 — test for specific gravity of diesel fuel
produced from waste oil against typical diesel
fuel and diesel mixed with kerosene

Test Performance |Diesel [Diesel- [Performance [Percentage

samples |characteristic [fuel like difference difference
fuel

lsl

sample Specific 836 850 14 1.6471

of diesel gravity

like fuel

2nd

sample Specific 836 842 6 0.713

of diesel gravity

like fuel

The diesel hydrometer is used for measuring specific
gravity of diesel and similar products. The division
marked out on the hydrometer gradation shows the
level of specific gravity of the diesel fuel. At 800 and
below on the hydrometer, the diesel fuel has a poor
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quality because the specific gravity is low. However,
if after testing, the results showed 800 and above, the
fuel is termed good for vehicles. Point 860 on the
hydrometer is the highest for quality fuel. From
testing, diesel fuel produced from waste motor oil is
of higher quality compared to typical diesel sold in
filling stations due to the fact that the values were
higher compared to that of typical diesel. This higher
specific gravity values help to avoid injector fault due
to fibre wearing out. Due to injector fibre wear, the
starting characteristics of the vehicle will be poor and
fuel consumption will be high. The fuel produced
from the waste engine oil is surely going to last long
in vehicles due to its high specific gravity and low
fuel combustibility

CONCLUSION

Fuel obtained from waste engine oil can be used as
fuel in diesel engine without any problems in terms
of engine performance. The thermal and physical
characteristics of the diesel-like fuel are close to
those values of a typical diesel sample. Moreover, its
distillation temperature increases gradually, and its
behavior is similar to that of diesel fuels used in
engines. When the diesel-like fuel was used, it was
observed that torque, brake mean effective pressure
and brake thermal efficiency were higher than those
of the diesel sample while the brake specific fuel
consumption was lower. From the experimental study,
it is evident that pre-treated waste oil that has been
converted into fresh diesel is suitable to use as a
diesel fuel. Though the samples have a little bit
higher value of viscosity (kinematics), but these value
are in tolerable range. Produced diesel is technically
suitable, economically viable and less responsible to
pollute environment.
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