
National Tribology Conference 
Rimba Ilmu, University of Malaya, 4-5 May 2009 

Paper Number: NTC-2009-020 

TRENDS TO SUBSTITUTE DIESEL WITH TRIBOLOGICAL 
PROPERTIES ENHANCED BIODIESEL

M.I. Rafiqul , H. H. Masjuki, R. Saidur and M.H. Jayed 
Department of Mechanical Engineering, University of Malaya 

50603 Kuala Lumpur, Malaysia 
Email: rafiqum@yahoo.com

Abstract
Biodiesel is the mixture of mono-alkyl ester of saturated and unsaturated long chain fatty acid produced 
from vegetable oil or animal fat or other sources of ordinary oil. It has been accepted as one of the best 
alternate fuel mainly for its environmental advantages. But the major problem is, it oxidizes rapidly which 
increases the engine tribology. It also corrodes the engine oil by polymerization due to the presence of 
oxygen and iodine in it. In this paper we have discussed about the researches that has been done to take bio 
diesel at such a level so that it can be a good alternate for conventional fuel like diesel, petrol, natural gas 
etc. For this purpose it has been found that in most cases various additives have been tried. But still the 
objective has not been fulfilled completely because of further research. The way to make biodiesel the most 
effective alternate for conventional fuel is the use of more promoted additives such as high temperature and 
pressure uphold anti oxidant and corrosion inhibitor additives. This paper discusses the properties of the 
biodiesel and effects of various additives on it and the effective way to improve the properties of biodiesel. 
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1. Introduction 
The major energy demand is fulfilled from 
the conventional energy resources like coal, 
petroleum and natural gas (NG).Petroleum-
based fuels are limited reserves concentrated 
in certain regions of the world. These sources 
are in the verge of getting extinct. The 
scarcity of known petroleum reserves will 
make renewable energy resources more 
attractive [1].

The world energy demand continues to 
increase. The most feasible way to meet 
this growing demand is by utilizing 
alternative fuels. One such fuel that exhibits 
great potential is bio-fuel, in particular, 
biodiesel [2]. Bio-fuels are generally 
considered as offering many priorities, 
including sustainability, reduction of 
greenhouse gas emissions, regional 
development, social structure and 
agriculture and security of supply [3].In 
developed countries there is a growing 

trend towards employing modern 
technologies and efficient bio-energy 
conversion using a range of bio-fuels, which 
are becoming cost-wise competitive with 
fossil fuels [4].The scarcity of conventional 
fossil fuels, growing emissions of 
combustion generated pollutants and their 
increasing costs will make biomass sources 
more attractive [5].

On the other hand, biomass use, in 
which many people already have an 
interest, has the properties of being a 
biomass source and a carbon neutral source
[6].Experts suggest that current oil and gas 
reserves would suffice to last only a few more 
decades. To exceed the rising energy demand 
and reducing petroleum reserves, fuels such
as biodiesel and bio ethanol are in the 
forefront of the alternative technologies. 
Accordingly, the viable alternative for 
compression-ignition engines (CIEs) is 
biodiesel.

It is well known that transport is 
almost totally dependent on fossil, 
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particularly, petroleum-based fuels such as 
gasoline, diesel fuel, liquefied petroleum gas 
(LPG) and NG. An alternative fuel to petro 
diesel must be technically feasible, 
economically competitive, environmentally 
acceptable and easily available. This current 
alternative diesel fuel can be termed as 
biodiesel. Biodiesel use may improve
emissions levels of some pollutants and 
deteriorate other. However, for quantifying 
the effect of biodiesel it is important to 
take into account several other factors such
as raw material, driving cycle, vehicle 
technology etc. Usage of biodiesel will 
allow a balance to be sought between
agriculture, economic development and 
the environment [7].

Different studies have been carried out 
using different oils as raw material, different 
alcohols (methanol, ethanol, butanol) as well as 
different catalysts, homogeneous ones such
as sodium hydroxide, potassium hydroxide, 
sulfuric acid and supercritical fluids, and 
heterogeneous ones such as lipases to make 
biodiesel as try for replacing ordinary 
diesel [8].

Diesel fuel can also be replaced by 
biodiesel made from vegetable oils. Biodiesel 
is now mainly being produced from palm, 
soybean and rapeseed oils. Soybean oil is of 
primary interest as biodiesel source in the 
United States, while many European countries 
are concerned with rapeseed oil, and countries 
with tropical climate prefer to utilize coconut 
oil or palm oil. However, any vegetable oil—
corn, cottonseed, peanut, sunflower, safflower, 
coconut or palm—could be used to produce 
biodiesel [9]. Furthermore, other sources of 
biodiesel studied include animal fats and used 
or waste cooking oils. Researchers are also 
developing algae that produce oils, which can 
be converted to biodiesel [10].

Biodiesel is the pure, or 100%, 
biodiesel fuel. It is referred to as B100 or 
“neat” fuel. A biodiesel blend is pure biodiesel 
blended with petro diesel. Biodiesel blends 
are referred to as BXX. The xx indicates the 
amount of biodiesel blend (i.e., a B80 blend 
is 80% biodiesel and 20% petro diesel). In 
this paper, the performance of Biodiesel-
diesel blend with property enhancing 
additives in various amount compare to pure 
diesel fuel without any additives has been 
discussed based on various studies that had 
been done previously. In these studies mostly 

it has been seen that the performance of bio 
diesel-diesel blends with elevated additives 
have shown better results than ordinary 
diesel.
2. Worldwide Bio Diesel Scenarios
Renewable resources are more evenly 
distributed than fossil and nuclear resources, 
and energy flows from renewable resources 
are more than three orders of magnitude 
higher than current global energy use. 
Today’s energy system is unsustainable 
because of equity issues as well as 
environmental, economic, and geopolitical 
concerns that have implications far into the 
future[1].

According to International Energy Agency 
(IEA), scenarios developed for the USA 
and the EU indicate that near-term 
targets of up to 6% displacement of 
petroleum fuels with bio diesel appear 
feasible using conventional bio diesel, given 
available cropland. A 5% displacement of 
gasoline in the EU requires about 5% of 
available cropland to produce ethanol 
based bio diesel while in the USA 8% 
is required. A 5% displacement of diesel 
requires 13% of USA cropland, 15% in the 
EU [11]

The EU have also adopted a proposal for a 
directive on the promotion of the use of bio-
fuels with measures ensuring that bio-fuels 
account for at least 2% of the market for 
gasoline and diesel sold as transport fuel by 
the end of 2005, increasing in stages to a 
minimum of 5.75% by the end of 2010[2].

In some European countries, biodiesel oil 
is sold commercially. However, in other 
countries biodiesel is not available 
commercially, because of its higher cost than 
petroleum diesel. Biodiesel is primarily used 
mainly for practical purpose. As an example, 
some US demonstration programs are using 
biodiesel in more than 200 vehicles, including 
buses, trucks, construction/maintenance 
equipment, and motor boats, etc. In France, to 
investigate the effect of rape seed methyl 
ester on lubricating oil performance, there are 
2000 vehicles including buses and trucks 
running on rape seed methyl ester. Some 
countries have started reservation of biodiesel 
for emergency uses or reduce dependency on 
imported fuels. In Asia, Malaysia is 
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producing palm oil diesel 3000 Mt/yr that is 
used in transit fleet, bus and cars [12].

Favorable fuels of the last category could 
be bio-fuels made from agricultural products, 
which not only may offer benefits in terms of 
exhaust emissions, but they will also reduce 
Europe’s, and the world’s in general, 
dependence on oil imports and help 
farmers[1]. Figure 1 shows the price 
comparison of different fuels.

Fig. 1. Price comparison of different fuels

3. Oxidation of Bio Diesel
Oxidation of fatty compounds has been 
discussed extensively in the literature [13-16].
While the oxidation mechanism discussed in this 
literature is the widely accepted version, other 
researchers propose that species other than hydro 
peroxides, the species seen as being formed in 
the initial oxidation step, are active in auto 
oxidation [16].

Oxidation of fatty materials is promoted by 
factors such as elevated temperature, presence of 
light or extraneous materials such as metals or 
initiators. The nature of the radicals also 
influences the products observed and double bond 
geometry can also play a role. Antioxidants 
function by delaying oxidation but not 
preventing it. 

The primary oxidation products of double 
bonds are allylic hydro peroxides. In these 
species, the original double bond(s) may have 
shifted or undergone cis / transisomerization. 
Hydro- peroxides are unstable and easily form a 
variety of secondary oxidation products. 
Reactions of hydro peroxides include rear-
rangement to products of similar molecular 
weight, fission to give shorter-chain 
compounds (Aldehydes and Acids) and 
dimerization to give higher molecular weight 
materials.

The oxygen molecule, O2, with which the 
olefinic fatty acid chains react, exists in two 
forms. Thus two oxidation mechanisms, auto-
oxidation and photo-oxidation are possible. The 
common ground state of oxygen is the triplet 

form 3O2, which is a di-radical, .O–O. The other 
oxygen form is the excited singlet form O2,which is more reactive than the triplet form by 
22.5 kcal / mol. The amounts and nature of the 
hydro peroxides formed by these two forms of 
oxygen vary. 

Photo-oxidation is more rapid than auto-
oxidation by several orders of magnitude. For 
oleate, photo-oxidation is about 30,000 times 
more rapid and for linoleate and linolenate this 
value is 1500 and 900 [14]. Literature values 
for relative auto-oxidation rates of oleate, 
linoleate and linolenate are 1, 27 and 77, 
respectively [14]. and 1, 41, and 98, 
respectively [13]. with that of 20:4 being 195. 
The relative oxidation rate of triacylglycerols is 
lower, that of trilinolenin being 50. Thus the 
relative rates of photo-oxidation between oleate, 
linoleate, and linolenate are considerably 
smaller compared to auto oxidation. 

The auto oxidation process usually exhibits 
an induction time during which the overall 
reaction is slow, followed by a more rapid stage. 
The purpose of antioxidants is to either prolong 
the onset of the initiation reaction or to 
enhance termination, reducing the length of 
propagation. However, the rates of oxidation in 
natural mixtures such as vegetable oils can 
differ from those in studies on pure compounds 
due to the presence of pro- and antioxidants. 
The complex variety of secondary degradation 
products is reflective of the complicated 
decomposition process of hydro- peroxides. 
These secondary products can be categorized as 
mono meric (products with the same chain length 
as the original material but with different 
functional groups), oligomeric (products of 
higher molecular weight) and short chain. 
Various types of reactions can occur during the 
decomposition process including dehydration, 
cyclization, rearrangement, radical substitution, 
chain cleavage, dimerization, etc. In many 
cases, a combination of these reactions 
occurs to form the final “secondary”
oxidation product. 

The reactions occurring during the formation 
of secondary products are influenced by factors 
such as temperature and presence of light or air 
or extraneous materials, which also affect the 
initial oxidation step of hydro peroxide formation. 
The various secondary oxidation products are 
formed in different amounts and depend on the 
substrate (oleate, linoleate or linolenate). 
Monomeric secondary oxidation species that 
can arise include keto compounds, epoxy 
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compounds, di and tri hydroxy compounds, 
hydroperoxy epidioxides and dihydro peroxides. 
Oligomeric materials, usually obtained from 
linoleate or linolenate, include dimers linked 
via peroxy or ether groups as well as C–C linked 
dimers and dimers and oligomers containing 
conjugated diene-triene, dihydroperoxide or 
hydroperoxy epidioxide units. Volatiles formed 
include various shorter-chain saturated and 
unsaturated aldehydes as well as keto 
compounds and shorter-chain fatty acids. The 
location of the functional groups in the chain is 
mainly determined by the location of the original 
double bonds and thus the resulting 
hydroperoxides. More details are given in the 
literature [13–15].
3.1. Antioxidants 
Several approaches exist to either prevent 
oxidation as far as possible or decelerate its rate. 
One is obviously to prevent contact of the fatty 
material with air. Another is to prevent contact 
with pro-oxidants or to avoid elevated 
temperatures or presence of light. These solutions 
are not always viable, so that antioxidants are of 
significant interest. 

The use of antioxidants only delays the 
onset of oxidation, i.e., extends the so-called 
induction period until the antioxidant is 
exhausted and oxidation commences. Thus, fatty 
materials should not be exposed to oxidation-
promoting factors as far as possible even when 
using antioxidants. Antioxidants used with 
biodiesel affect auto oxidation but not photo-
oxidation. However, there is a mechanistic 
connection (radicals formed by photo- oxidation 
can be effective in auto oxidation) between photo- 
and auto oxidation. Photo-oxidation is affected 
by quenchers of singlet oxygen, such as -
carotene. 

Antioxidants occur naturally, for 
example vitamin E (tocopherols and 
tocotrienols; four species of each, , , , ,
exist), or are deliberately added synthetic 
materials such as butylated hydroxytoluene 
(BHT), butylated hydroxyanisol (BHA), tert-
butylhydroquinone (TBHQ) or propyl gallate 
(PG). The level of natural antioxidants in 
vegetable oils is affected by the refining 
process. Recently reported pyrimidinols, which 
contain a strongly electron-donating 
dialkylamino group, are among the strongest 
synthetic antioxidants known, although 
pyridinols may be even more effective.

Antioxidants such as phenols and amines 
either have a hydrogen atom that can be 
“donated” to interrupt the chain reaction, 
whereby, for example, phenols become 
quinones, or they can react with a radical in an 
additive fashion. 

Synthetic antioxidants, which are generally 
used at levels of 100–200 PPM, possess 
somewhat differing solubility and effectiveness. 
For example, propylgallate is probably the least 
soluble of the antioxidants mentioned. The 
effectiveness of an antioxidant can depend on a 
variety of factors, including the fatty acid 
profile of the oil or fat, the amount of naturally 
occurring antioxidants, and storage or other 
conditions. Systems with more than one 
antioxidant, resulting in primary and 
secondary antioxidants, are possible. 
Synergistic effects between antioxidants can 
influence their effectiveness. 
4. Comparative Study of Engine 

Performance
An extended experimental study was 
conducted to evaluate and compare the use 
of various Diesel fuel supplements at blend 
ratios of 10/90 and 20/80, in a standard, 
fully instrumented, four stroke, direct 
injection (DI), Ricardo/Cussons ‘Hydra’ 
Diesel engine located at the authors’ 
laboratory. More specifically, a high variety 
of vegetable oils or bio-diesels of various 
origins are tested as supplements, i.e. 
cottonseed oil, soybean oil, sunflower oil and 
their corresponding methyl esters, as well as 
rapeseed oil methyl ester, palm oil methyl 
ester, corn oil and olive kernel oil. The series 
of tests are conducted using each of the above 
fuel blends, with the engine working at a 
speed of 2000 rpm and at a medium and high 
load. In each test, volumetric fuel 
consumption, exhaust smokiness and exhaust 
regulated gas emissions such as nitrogen 
oxides (NOx), carbon monoxide (CO) and 
total unburned hydrocarbons (HC) are 
measured. From the first measurement, 
specific fuel consumption and brake thermal 
efficiency are computed. The differences in 
the measured performance and exhaust 
emission parameters from the baseline 
operation of the engine, i.e. when working 
with neat Diesel fuel, are determined and 
compared. This comparison is extended 
between the use of the vegetable oil blends 
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and the bio-diesel blends. Theoretical aspects 
of Diesel engine combustion, combined with 
the widely differing physical and chemical 
properties of these Diesel fuel supplements 
against the normal Diesel fuel, are used to 
aid the correct interpretation of the observed 
engine behavior[1].

Fig. 2a and 2b shows, for the medium and 
the high load, respectively, the brake specific 
fuel consumption (b.s.f.c.) expressed in g/kW 
h (grams per kilowatt hour), for the neat 
Diesel fuel, the bio-diesel blends and the 

(a)

(b)
Fig.2. a & b Brake specific fuel consumption 
(b.s.f.c.) for the neat Diesel fuel, the bio-diesel 
blends and the vegetable oil blends of various 
origins, for the medium load (a) and the high 

load (b). 
vegetable oil blends of various origins. The 
fuel blend mass flow rate is calculated from 
the respective measured volume flow rate 
value and the blend density, which is 
computed by considering the blending ratio 
and the densities of the fuels involved. Since 
the comparison is made at the same load 
(brake mean effective pressure) and speed, 
which is translated into the same engine power, 
then these values effectively are directly 
proportional to the fuel mass flow rate; it is to 
be noted, however, that the air mass flow rate 
remains constant under the same operating 
conditions[11]. 

It is observed that for the high load case
(Fig. 2b), the brake specific fuel consumption 

for all the bio-diesel blends of various origins 
is a little higher than that for the 
corresponding Diesel fuel case, with the 
increasing the percentage of the bio-diesel in 
the blend. This also holds true for all the 
vegetable oil blends of various origins. As 
discussed at the end of the previous 
subsection, this is the more likely behavior 
due to the lower calorific values of the bio-
diesels or the vegetable oils compared to that 
of neat Diesel fuel. On the contrary, this 
picture changes a little as far as the medium 
load case is concerned (Fig. 2a), where one 
can observe, in a rather consistent way, a 
minimum of the specific fuel consumption at 
any 10% fuel blend with either the bio-diesel 
or the vegetable oil of any origin. A possible 
explanation of this, as discussed at the end of 
the previous subsection, is that the injection 
system acquires an optimum for this fuel 
blend ratio at the conditions corresponding to 
this medium load[1].

To study the comparative engine 
performance another computer-controlled 
dynamometer-engine test bed was used to 
measure engine brake power and SFC at half 
throttle condition with a speed range of 
1000–4000 rpm. The emission test was done 
with a dynamometer fixed load of 50Nm 
and constant engine speed of 2250 rpm. A 
total of three fuels, such as 100% diesel fuel 
(B0); 20% palm diesel and 80% B0 (B20); 
and B20 with X% additive (B20X), were 
selected for this investigation. The B20X is 
the additive-added biodiesel, where X is the 
parentage (in this investigation X 1/4 1% of 
B20) of additive in B20 fuel. Anti-wear 
characteristics in terms of coefficient of 
friction, wear scar diameter (WSD) and flash 
temperature parameter (FTP) of fuel’s 
contaminated lubricants were measured 
using a tribo meter test [11].

It was found that B20X fuel shows better 
overall performance such as improved brake 
power, reduced exhaust emissions and 
shows better lube oil quality as compared to 
other tested fuels. This is mainly due to the 
effect of fuel additive in the blended fuel of 
B20. The specific objective of this 
investigation is to develop the performance 
of B20 fuel by using an in-house-formulated 
fuel additive [17].

The results of brake power output from 
diesel engine for every test fuel are shown in
Fig 3. It can be seen that fuel B20X 
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produces higher brake power over the entire 
speed range in comparison to other fuels. It is 
found that fuel B20X produces an average of 
11.82kW brake power over the entire speed 
range followed by B20 (11.38kW) and B0 
(11.50kW). It is calculated that fuel B20X 
produces 2.93% higher brake power than fuel 
B20, which is the effect of 1% additive in fuel 
B20. The maximum brake power obtained at 
2500rpm is 12.28kW [17]. 

                                              

Fig. 3 Brake power output vs. engine speed.
From B20X fuel followed by 11.93kW (B0) 

and 11.8kW (B20). This can be attributed to 
the effect of fuel additive in B20 blend 
which influences the conversion of thermal 
energy to work or increases the fuel 
conversion efficiency by improving the fuel 
ignition and combustion quality (complete 
combustion)[4]

Fig. 4 shows specific fuel consumption 
(SFC) for B0, B20 and B20X fuels. It can be 
seen that the behavior of fuels B20 and B20X 
is similar to B0 fuel until the engine speed of 
2250 rpm. After that, fuel consumption of B20 
increases. Fuel B20X shows similar SFC as 
B0 fuel until the engine speed of 3500 rpm. 
It can be explained that 1% additive in fuel 
B20 produces fuel conversion similar to B0 
fuel and up to 3500 rpm, and then produces 
higher fuel conversion as compared to B0 fuel 
at engine speed higher than 3500rpm. The 
lowest SFC is obtained from B20X fuel 
followed by B0 and B20 fuels. The average 
SFC values all over the speed range are 405, 
426.69 and 505.38 gkW-1h-1 for B20X, B0 and 
B20 fuels, respectively[4]. 

Fig. 4. Specific fuel consumption vs. engine 
speed

5. Tribology properties of Bio Diesel 
Sliding contact between metallic components of 
any mechanical system is always 
accompanied by wear, which results in the 
generation of minute particles of metal. In 
diesel engines, the components that are nor-
mally subjected to the wear and tear process are 
piston, piston ring, cylinder liner, bearing, 
crankshaft, cam, tappet and valves. In a 
lubrication system, wear particles remain in 
suspension in the oil. By analyzing and 
examining the variations in the concentration 
of the metallic particle in the lubricant oil 
after certain running duration, sufficient 
information about wear rate, source of 
element and engine condition can be predicted. 
Wear metals debris such as Fe, Cu, Al and 
Led reduced with increasing POD into blends. 
Additive compounds (like Zn, Ca) are used as 
detergents in typical commercial lube oil. 
These compounds provide an alkaline reserve 
to neutralize acidic by-products of combustion. 
Detergents react with oxidation products to 
reduce the formation of insoluble compounds 
and provide some measure of corrosion 
protection. Increase of palm diesel with 
addition of corrosion inhibitor increases the 
brake of a POD blends that. The reason of 
increasing brake power with increasing POD 
in blends is the effect influences conversion 
of heat energy to work or increases fuel 
conversion efficiency through the complete 
combustion. On an average, fuel B produced 
10–15% higher brake power than OD. This is 
the effect of additive that enhances POD in 
producing higher power [17].
5.1. Wear & tear in engine components: 
Fig. 5 shows the friction torque that is 
developed by various lubricants sample. It 
can be seen that the lowest level of friction 
torque was developed by B0X contaminated 
fuels. The maximum friction torque was 
produced by pure lubricant (B0) as 53.05 kg m. 
Low friction torque means good lubricity as 
well as lower coefficient of friction as is 
shown in Fig. 10. Hence, it can be said that 
antioxidant and anti-wear-based additive 
addition with B20 is effective as additive 
with lubricant [17].                                                        

Fig. 6 shows the variation of friction 
coefficient for all the fuel’s contaminated 
lubricants. The lowest level of coefficient of 
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friction is obtained from B20X fuel’s 
contaminated lubricants. The lower 
coefficient friction means developing low

                 
     
         

Fig.5 Friction torque for various 
contaminated Fuel’s lubricants at constant 

load of 50 Nm
friction torque by lubricants within the 
frictional surfaces. The maximum coefficient 
of friction was produced by B0 and 3% B20 
fuels’ contaminated lubricants. The lowest 
coefficient of friction was achieved by 1% B20X 
contaminated lubricants as well as by 2% B20X 
and 3% B20X. Hence, it can be ensured that 
additive in B20 fuel is effective in reducing the 
coefficient of friction[4]. 

Fig.6 Coefficient of friction for various 
contaminated fuel’s lubricants at constant load 

of 50 Nm. 
Fig. 7 shows WSD diameter of used ball 

for all the lubricant samples with 
contaminated fuels. It is found that the 
lubricant sample B0 (Table 5) produces the 
highest WSD (3.7481 mm) as compared to 
other lubricant samples. All the B20 
contaminated lubricants such as 1% B20, 2% 
B20 and 3% B20 produce WSD 3.5253, 
3.452 and 3.5147mm, respectively. 

The lowest WSD (3.419 1 mm) is obtained 
from 2% B20X, and it can be said that all the 
additive-based fuel’s contaminated lubricants 
produce comparatively lower WSD than B20 as 
well as B0 fuel’s contaminated lubricants, which 
is the effect of 1% additive in B20 [4]. 

Fig.7 Wear scar diameter (WSD) of the used 
ball with various contaminated fuels at constant 

load of 50 Nm 

6. Carbon Deposit in Automotive 
Components

Fig. 8.shows, for the medium and high load, 
respectively, the smoke (soot) density 
expressed in milligrams per cubic meter of 
exhaust gas for the neat Diesel fuel, the bio-
diesel blends and the vegetable oil blends of 
various origins, with the organization of the 
bar diagram as referred to above. One can 
observe that the soot emitted by all the bio-
diesel blends of various origins is 
significantly lower than that by the corre-
sponding neat Diesel fuel case, with the 
reduction being higher the higher the 
percentage of the bio-diesel in the blend. 
This is attributed to the combustion being 
mixing controlled for these blends, as is also 
the case for the neat Diesel fuel, which is, 
however, now assisted by the presence of the 
fuel bound oxygen, even in locally rich 
zones. On the contrary, the soot emitted by 
all the vegetable oil blends of various origins 
is higher than that by the corresponding Diesel 
fuel case, with the increase being higher the 
higher the percentage of the vegetable oil in 
the blend. This is attributed to the combustion 
being rather evaporation controlled, so that the 
potential   beneficial   advantage  of   the   fuel 

Fig. 8.Emitted soot (Smoke) density for the 
neat Diesel fuel, the bio diesel and the 
vegetable oil blends of various origins, for 
the medium load and high load. 
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bound oxygen comes into effect very late in 
the cycle and is, thus, of little help, with the 
hole situation aggravated further by the 
heavy fuel molecules[1].

Fig. 9a and 9b shows, for the medium and 
high load, respectively, the carbon monoxide 
(CO) exhaust emissions expressed in PPM 
(parts per million, by volume) for the neat 
Diesel fuel, the bio-diesel blends and the 
vegetable oil blends of various origins. One 
can observe that the CO emitted by all bio-
diesel blends of various origins is lower than 
that by the corresponding neat Diesel fuel 
case, with the reduction being higher the 
higher the percentage of the bio-diesel in the 
blend. On the contrary, the CO emitted by all 
the vegetable oil blends of various origins is 
higher than that by the corresponding Diesel 
fuel case, with the increase being higher the 
higher the  percentage  of the  vegetable oil  in  

(a

(b) 
Fig. 9a & b. Emitted carbon monoxide (CO) for 

the neat Diesel fuel, the bio-diesel blends and 
the vegetable Oil blends of various origins, for 

the medium load (a) and the high load (b). 
the blend. Conclusively, the emitted CO 
follows the same behavior as the emitted soot 
by the engine, a fact collectively attributed to 
the same physical and chemical mechanisms 
affecting almost in the same way, at least 
qualitatively, the net formation of these 
emissions. In any case, it should be 
reminded that the CO emitted levels in 
Diesel engines exhaust are small in absolute 
terms, so that they are of no real concern[1].

Fig. 10.a and 10b shows, for the medium 
and the high load, respectively, the total 
unburned hydrocarbons (HC) exhaust 
emissions expressed in PPM (parts per 
million, by volume) for the neat Diesel fuel, 

the bio-diesel blends and the vegetable oil 
blends of various origins. One can observe 
for the blends of vegetable oils an increase of 
the emitted HC against the neat Diesel fuel 
case, as also reported in most cases. 
Concerning the blends of bio-diesels, a 
decrease of the emitted HC against the neat 
diesel fuel case is reported and an increase 
was reported when the injection timing was 
high. Actually, in the present study, where 
the injection timing is high, an increase is 
observed for the medium load case (see Fig.
10a). The situation is changed, however, a 
little for the high load case (Fig. 10b) where 
there is no definite trend (increasing or 
decreasing) with the bio-diesel blends of 
various origins[1].

Fig.10a and b. Emitted total unburned 
hydrocarbons (HC) for the neat Diesel fuel, the 
bio-diesel blends and the vegetable oil blends 
of various origins, for the medium load (a) 

and the high load (b)
Carbon deposit is for CO formation 

and emission of unburned hydrocarbons. 
CO is formed during the combustion 
process with rich air–fuel mixtures regions 
and when there is insufficient oxygen to 
fully burn all the carbon in the fuel to 
CO2. However, a diesel engine normally 
uses more oxygen (excessive air) to burn 
fuel, which has little effect on CO emissions. 
Since the operating conditions are 
exclusively lean, the CO concentration value 
for all the fuels is less than 1% as shown in
Fig. 11. It is found that among all the fuels, fuel 
B20X produces the lowest level of CO 
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emissions, which is 0.1%, followed by B20 
(0.2%) and B0 (0.35%). It can be explained 
that 1% additive in biodiesel-blended fuel 
produces complete combustion as compared 
to B0 fuel [17].   

Fig.11. CO at constant load of 50 Nm and 
engine speed of 2250 rpm

Fig. 12 shows HC emissions for all the 
fuels. It is found that fuel B20X produces lowest 
HC emission (29 PPM) followed by B20 
(34ppm) and B0 (41 PPM). The difference 
between B20 and B20X is 5 PPM, revealing 
that fuel B20X produces better combustion 
than B20 fuel. 

Fig.12. HC emission at constant load of 50 Nm 
and engine   speed of 2250rpm 

7. Polymerization and Corrosion in 
Engine oil 

Fig. 13 shows Flash Temperature Parameter 
(FTP) for all the fuel’s contaminated 
lubricants. From the figure, it can be seen 
that the maximum and minimum FTP were 
obtained from 2% B20X and B0 con-
taminated lubricants, respectively. The 
maximum FTP value means that good 
lubricating performance occurred, indicating 
less possibility of lubricant film breakdown. 
This phenomenon is also observed by other 
workers [11, 12]. This seems to indicate that 
additive in fuel is potential anti-wear additive 
for lubricating oil. From 1% to 3% of B20X 
contaminated lubricants show better FTP as 
compared to B20 and B0 contaminated 
lubricants [4].

Fig.13. Flash temperature parameter (FTP) of 
used lubricants vs. contaminated fuels at 

constant load of 50 Nm.
8. Summary & Conclusion 
The potential way of utilization of oil 
Biodiesel in various industrial, automobile 
and other sectors has been discussed. Various 
sources of vegetable oils can not only be used 
as source of edible oil but also can be 
enhanced into excellent renewable energy. 
Vegetable oils and animal fats all over the 
world are the most productive bio-diesel raw 
materials. Elevated with performance 
enhancement additives Biodiesel can solve the 
future power demand and can be the complete 
replacement of Diesel and other sources of 
energy. In present research the additives like 
antioxidants and anti polymerization and anti 
corrosion additives that are used cannot 
sustain high temperature and pressure. Their 
properties change. That’s why these additives 
don’t work properly. If we make more 
research and can use some high quality 
additives like high temperature and pressure
resistance additives then bio diesel will be the 
best and one and only solution of future 
energy problem. Moreover, its waste streams 
can be used to produce vast amounts of bio-
gas and other values added products. This 
facts proves that vegetable oils are the 
energy crops that yields the highest energy 
balance of all energy crops leaving all other 
competitors far behind. With this encouraging 
achievement, vegetable oil industries will 
circuitously intensify the economic and 
revenue growth of many countries. In near 
future bio-diesel made from vegetable oils 
and other byproducts could be one of the 
major contributors of renewable energy in 
the world at the same time. 
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