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Abstract- A number of studies currently focus on the renewable fuels to reduce the reliance on petroleum fuels. Bio fuels 
such as ethanol and biodiesel have been studied and tested in many countries including India. One of the methods to reduce 
the use of fossil fuel is blending ethanol and biodiesel with fossil diesel. Adding ethanol to the diesel fuel alters the 
properties of the diesel fuel which does not meet some of the standards. However addition of biodiesel to this blend helps in 
regaining the fuel properties to the standard values and thus the blend can be efficiently used in the existing diesel engines. 
Mahuva methyl ester (MME) offers an alternative application as an emulsifier for diesel and ethanol blends. The present 
work is aimed to investigate experimentally the physic-chemical properties of the ternary fuel blend (diesel-biodiesel-
ethanol). Blend was prepared by varying the MME proportion as 20%, 30% and 40% by keeping the ethanol proportion as 
10% constant. The tested fuel properties were compared with that of diesel fuel. The tested fuel properties are density, 
viscosity, heat of combustion, flash point, pour point, cloud point, water and sediment, sulphur, ash, oxygen content of 
ternary blend, and cetane number was calculated by empirical formula. It was found that the fuel properties of ternary fuel 
blends were close to the standard values of diesel fuel. The functional group of the blend was analyzed by FTIR method and 
fatty acid composition of the blend was determined by GC method. Absorption spectrum of the blended fuel was analyzed 
by UV method.  
 
 
I. INTRODUCTION 
 
The increase on energy demand, environmental 
concern of the global warming and increasing in the 
petroleum price in the worldwide has greatly 
increased the interest of using alternative fuels in 
internal combustion engines. For the past few 
decades, a lot of effort has been made to reduce the 
dependency on petroleum fuels for power generation 
and transportation all over the world. Among the 
proposed alternative fuels, biodiesel and alcohols 
have received much attention in recent years for 
diesel engines and could be one remedy in many 
countries to reduce their oil imports [S.A.Sahir 2014]. 
Biodiesel and alcohol have many advantages over 
diesel as renewable and domestically produced 
energy resources. Moreover, they are recognised as 
environmentally friendly alternative fuels [Istvan 
Barbas 2010]. The production of biodiesel from the 
microalgae as the third generation biodiesel feed 
stock, the systematic characterisation of algae 
biomass, algae oil and algae biodiesel to establish the 
potential of microalgae for biodiesel production 
[[M.G.Dastidar, et al 2001]. Among the alcohols 
ethanol is used as an effective alternative fuel, a fuel 
extender, an oxygenate for diesel engines. Ethanol is 
regards as a renewable fuel because it can be made 
from many types of  
raw materials such as corn, sugar cane, sugar beets, 
molasses, cassava, waste biomass materials, sorghum, 
barley, maize, etc.  
Generally, ethanol can be blended with diesel and can 
be used as an alternative fuel for diesel engine with 
no engine modifications [Alan C.Hansen 2005]. 
Ethanol is slightly immiscible with diesel which leads 
to phase separation and instability of the blend. The 

phase separation can be prevented in two ways: by 
adding an emulsifier that acts to suspend small 
droplets of ethanol within the diesel fuel, or by 
adding a co-solvent that acts as a bridging agent 
through molecular compatibility and bonding to 
produce a homogeneous blend [M. Lapuerta, et al 
2007]. Biodiesel is known to act as an additive or 
emulsifier due to its potential to improve the 
solubility of ethanol in diesel fuel and could improve 
lubricity of ethanol over a wide range of 
temperatures. The blends of diesel-biodiesel-ethanol 
(Ternary blend) are stable well below sub-zero 
temperatures and have shown equal or superior fuel 
properties to diesel fuel and can be effectively used as 
an alternative fuel for diesel engines [Fernando, et al 
2004].  
 
II. MATERIALS AND METHODS 
 
2.1 MATERIALS: 
The physic-chemical properties of ternary blend was 
found out, ternary blend is the composition of diesel 
fuel, mahuva methyl ester and anhydrous ethanol.  
Various proportion of ternary blend was prepared. 
 
 Diesel 70%-Mahuva methyl ester 20%-
Ethanol 10% ( D70M20E10) 
 Diesel 60%-Mahuva methyl ester 30%-
Ethanol 10% (D60M30E10) 
 Diesel 50%-Mahuva methyl ester 40%-
Ethanol 10% (D50M40E10) 
 
2.2 METHODS: 
Laboratory tests were carried out using ASTM test 
standards to determine the properties: density, 
viscosity, gross heating value, flash point, pour point, 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,                 Special Issue, Sep.-2016 

A Study of Fuel Properties of Ternary Blend Diesel-Mahuva Methyl Ester-Ethanol 
 
2 

cloud point, the cetane number was calculated by 
empirical formula. 
 
 The functional groups of ternary blend was analysed 
by Fourier transformation infrared radiation (FTIR), 
the fatty acid composition of the blends was analyzed 
by gas chromate graph (GC) and the absorption of 
ternary blends was analyzed by ultra violet (UV) 
methods. 
 
III. RESULTS AND DISCUSSIONS 
 
3.1 Density 
Density is very important property of any fuel which 
affects the engine performance characteristics 
directly. Other properties like cetane number and 
heating value are also associated with density. Fuel 
atomization efficiency and combustion characteristics 
are influenced by density. The variation of fuel 
density will affect the output power of the engine due 
to altered mass of the injected fuel. Generally higher 
density causes greater fuel flow resistance which 
results in higher viscosity which may lead to inferior 
fuel injection. The density of the diesel fuel, MME, 
Ethanol, and various ternary blends (D: MME: E) are 
compared each other. The density of all blends are 
nearer to diesel fuel. 

 
Fig.3.1 Density of samples 

 
3.2 Kinematic viscosity 
Viscosity is very important fuel property. It affects 
the fuel drop size, the jet penetration, quality of 
atomization, spray characteristics and the combustion 
quality. The operations of the injection systems in CI 
engines are also affected by viscosity [Barbas I, et al]. 
For every engine there is highest and lowest limit for 
the viscosity of a fuel for that engine. If very low 
viscous fuel is used, it could cause the fuel system 
leakage. It typically results in smaller mean droplet 
diameters, thereby increasing the surface area of the 
fuel droplets and significantly influences the 
evaporation characteristics time [Heywood JB] .On 
the other hand high viscosity of the fuel can cause, 
poor fuel atomization and incomplete combustion, 
increasing the engine deposits, requiring more energy 
to pump the fuel and causing the more problems in 
cold weather. 

The viscosities of diesel fuel, MME, ethanol, and 
various blends of D-MME-E are compared each 
other. The lower viscosity of ethanol in the blend was 
compensated with the higher viscosity of biodiesel. 
Hence the viscosity of the ternary blend was 
compensated and is same as diesel fuel. Thus ternary 
blends are suitable for diesel engines.  
 
3.2 Viscosity of samples 
 
3.3 Calorific value 
The heating values of diesel, MME, ethanol and 
various blends of D-MME-E are compared each 
other. The calorific value of biodiesel and ethanol is 
less than the diesel fuel. Thus their addition to the 
diesel fuel lowers the calorific value of the final 
blend. Lower heating value leads to less power output 
of the engine, however, the ternary blends have 
heating value nearer to diesel fuel. Hence ternary 
blends can be effectively used as an alternative fuels 
for compression ignition engines to get the same 
power output.  

 
Fig.3.3 Calorific value of samples 

 
3.4 Flash point 
Flash point gives an estimation of the temperature at 
which the vapour pressure reaches the lower 
flammable limit. It does not affect the combustion 
directly. High flash point of fuel makes it safer 
regarding its handling, transportation and storage. 
The flash point of diesel fuel, MME, ethanol and 
various blends of D-MME-E are compared each 
other. Due to the low flash point of ethanol, the flash 
point of the ternary blend also becomes very low. 
Hence ternary blends require special containers for its 
storage and transportation.  

 
Fig. 3.4 Flash point of sample fuels. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,                 Special Issue, Sep.-2016 

A Study of Fuel Properties of Ternary Blend Diesel-Mahuva Methyl Ester-Ethanol 
 
3 

3.5 Pour point 
Biodiesel generally has a pour point higher than 
conventional diesel while the ethanol has a very low 
pour point. Due to the extremely low pour point of 
ethanol, its addition to the diesel fuel decreases the 
pour point of the final blend significantly. This is the 
major advantage of using ethanol in the ternary 
blends. Although biodiesel has high pour point (Max 
12 oC) than the diesel and ethanol, it does not affect 
the pour point of final blend. As the temperature of 
the fuel approaches to its pour point it becomes 
cloudy due to the formation of crystals and finally the 
crystals solidify. This causes the major operability 
problems like cold start. Following graph shows the 
comparison of pour points of diesel, MME, ethanol 
and various blends of D-MME-E. 
 

 
Fig. 3.5 Pour point of sample fuels. 

 
3.6 Cetane number 
As specified by the ASTM the minimum cetane 
number of the diesel fuel should be 40-45. The 
ethanol has low cetane number of 8. Addition of 
ethanol to the diesel fuel lowers the cetane number of 
the blend it is due to lower cetane number of ethanol; 
the lower cetane number affects the combustion 
quality of a fuel in compression ignition engines. 
Addition of biodiesel compensates the cetane number 
of the ternary blend. Since the cetane number of the 
ternary blends is in the same range of diesel fuel, 
hence these blends can be used as an alternative fuel 
in compression ignition engines. The cetane number 
was calculated by: [cetane number of diesel]-
0.55[proportion of ethanol in the 
blend]+0.59[proportion of biodiesel in the blend]. 

  Fig. 3.6 Cetane number of sample fuels. 

3.7 FTIR 
FT-IR stands for Fourier Transform Infra Red, the 
preferred method of infra red spectroscopy. FTIR is a 
fast, cheap, reliable, accurate and non destructive 
method for bio fuel analysis it gives strong evidence 
that the bio fuel can be used as fuel. In infrared 
spectroscopy IR radiation is passed through a sample. 
Some of IR radiation is absorbed by the sample and 
some of it is transmitted. The resulting spectrum 
represents the molecular absorption and transmission, 
creating a molecular fingerprint of the sample. Like a 
finger print no two unique molecular structures 
produce the same infrared spectrum. This makes 
infrared spectroscopy useful for several types of 
analysis. FT-IR can provide the information about, it 
can identify unknown materials, it can determine the 
quality of a sample and it can determine the amount 
of components in a mixture.  
It is observed that the most abundant chemical group 
is C-H with stretch mode of vibration that show a 
peak at different band wave number of 2925.16 cm-1, 
2854.16cm-1, and 2729.79cm-1. And another 
abundant chemical group is C=C with both stretch 
and bending mode at wave number 1606.98 cm-1 and 
1463.58 cm-1. 
 

 
 
3.7 FTIR analysis of D70M20E10 
 

Table: 1 Functional group frequencies of D70M20E10. 
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The presence of C-H bending indicates prevalence of 
properties such as pour and cloud points that affect 
the performance during weather. The C=C cause the 
fuel to remain in liquid state but may be liable to 
possible oxidation during storage. C-O stretch reveals 
that the molecule contains ester functional groups. 
The pronounced oxygenated functional group C-O, 
C=O, O-H and aromatic compound showed that the 
biodiesel was highly hydro-oxygenated and hence 
acidic in nature. The oxygenated compounds reduce 
calorific value of the biodiesel. However, presence of 
hydro carbon group C-H, C=C and alcohols indicates 
that biodiesel has a potential for fuel application.  
The combustion of any alkane produces energy. 
Alkanes combust releasing energy, which makes 
alkanes useful as fuels.  As the length of the carbon 
chain increases, the amount of energy released during 
combustion increases.  A longer carbon chain 
contains more C-H bonds and more C-C bonds.  A 
longer carbon chain produces more C=O bonds (as in 
CO2) and more O-H bonds (as in H2O).  The overall 
process of breaking C-C and C-H bonds and making 
C=O and O-H bonds releases energy.  The more C-C 
and C-H bonds broken, and the more C=O and O-H 
bonds formed, the greater the amount of energy 
released. The reactive site in alkene molecules is the 
carbon-carbon double bond (C=C).  In chemical 
reactions this double bond either opens out to leave a 
carbon-carbon single bond (C-C) or it breaks 
completely to separate the molecule into two smaller 
fragments. Complete combustion of alkenes produces 
carbon dioxide and water. Alcohols burns with clean 
flame producing carbon dioxide and water vapor. 
FTIR results showed that this waste de oiled seed 
cake could be a viable option of biomass energy 
source. 
 
3.8 Gas chromate graphy (GC) 
The specifications regarding glycerol esters are 
analyzed by GC using an FID in both ASTM D6751 
methyl hepadecanoate is a common standard for fatty 
acid components. GC method utilizing a 30-m 
CARBOWAX column for fatty acid profile. The 
temperature programmes are starting out at 50oC and 
ending at 380oC. Generally, GC has been the most 
widely used method for the analysis of biodiesel 
owing to its generally higher accuracy in quantifying 
minor components. However, accuracy of GC 
analyses can be influenced by factors such as baseline 
drift, overlapping signals, and aging of standards and 
samples.  
 

Table: 2 Fatty acid composition of D70M20E10. 

 

 
 
3.9 Ultra violet test 
The UV absorption spectra of the diesel-ethanol-
biodiesel ternary blend samples were measured using 
a single‐beam, general‐purpose spectrophotometer 
(DU520, Beckman Coulter, Fullerton, Cal.). The 
absorption spectra in the range of 250 to 350 nm at 1 
nm intervals of different bio‐ diesel batches were 
scanned using standard 1 cm quartz cu‐ vette. The 
blend level (percentage of biodiesel in the ternary 
mixture) determines many important characteristics 
of the blended fuel. A higher‐than‐specified level of 
biodiesel may exceed the engine manufacturer's 
recommended limitation, compromising the engine 
performance. A lower blend level of biodiesel may 
reduce the expected benefits, such as lubricity and tail 
pipe emission. In addition, cloud point and pour point 
of biodiesel are usually higher than that of diesel fuel, 
and a higher blend level makes the fuel unsuitable or 
difficult to use in cold weather conditions. Engine 
injection timing can be adjusted based on the blend 
level in order to improve the engine emission and 
performance. It has been reported that the error in 
absorbance measurement is lowest if the absorbance 
value is below 2 (Bauman, 1962). In order to reduce 
the error, the dilution was completed in three steps; n-
heptane was used as a solvent. In each step 0.7 mL of 
sample was accurately mixed with 9.3 ml of n-
heptanes. This dilution reduced the absorbance in the 
250 to greater than 950 nm wavelength range to 
within 2.5 for both ternary blend samples. Fig 6.1 and 
Fig 6.2 show the graphysical analysis of UV test of 
ternary blends. 
 

 
Fig 3.8 Graphical analysis of UV test. 
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CONCLUSIONS 
 
This work was under taken to study and compare the 
physic-chemical properties of ternary blends. 
1. It was found that the density and viscosities 
of ternary blends are almost same as that of diesel 
fuel; hence these fuels can be used as an alternative 
fuels for diesel engines.  
2. The lower calorific value of ethanol in the 
ternary blend is compensated with mahuva methyl 
ester. So the calorific values of the ternary blends are 
almost same as that of the diesel fuel. 
3. The flash point and pour points of ternary 
blends are influenced by lower values of ethanol, 
hence the flash point and pour points are much less 
than that of diesel fuel. The lower flash point of 
ternary blends leads to special care for storage and 
lower pour point leads to better cold start of the 
engine. 
4. The lower cetane number of ethanol affects 
the cetane number of the blend but mahuva methyl 
ester compensates the cetane number. Hence the 
cetane number of ternary blends is same as that of 
diesel fuel. So these fuels can be effectively used as 
an alternate fuel for diesel engines. 
5. The chemical structure of the D70M20E10 
was analyzed by the FTIR. 
6. Fatty acid composition of the ternary blend 
D70M20E10 was analyzed by gas chromatography 
(GC). 
7. The absorption spectra of the ternary blends 
are analyzed by ultra violet method (UV). 
8. It was found from the analysis that the 
physic-chemical properties of the ternary blend fuels 
are almost same as that of the diesel fuel and hence 
ternary blends can be used as an effective alternate 

fuel for DI diesel engines. 
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