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Abstract- The use of vegetable oils as fuel got pace when world faced the petroleum fuel crisis. World awaked in the 1930s 
and 1940s to search alternative fuel source and vegetable oil ester-based biodiesel were used as diesel fuels from time to 
time, in emergency situations. This paper reviews the phase stability of diesel-biodiesel-ethanol blends at different ratios and 
at different temperature ranges. Ethanol is miscible in biodiesel at all ratios, but it is immiscible with diesel, phase separation 
takes place. The biodiesel acts as additive (Emulsifier) for diesel and anhydrous ethanol (99.5% and above) mixture. The 
above 20oC almost stable blends (diesel-biodiesel-ethanol) are occurred similarly above 30oC to 40oC the blends are stable 
at all ratios. The hydrous ethanol (95%) is not recommended due high contain of water to use in blend. 
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I. INTRODUCTION 
 
Recently, the increases in crude oil prices, green 
house effect, limited fossil fuel resources and 
environmental concern has renewed focus on 
biodiesel fuels (vegetable oils and animal fats). The 
stringent environmental norms have enhanced the 
search for a alternative source to petroleum diesel 
fuel to answer these problems. The vegetable oil 
ester-based biodiesel is used as fuel for diesel engines 
from very long time. Many studies and researches 
have favored the use of biodiesel fuels and blends of 
diesel-biodiesel in diesel engines. The certain 
problems are observed in performance and emission 
of diesel engine by the use of biodiesel and its blends 
with diesel in certain ratios (more than 30% biodiesel 
in blend). With the intention to reduce the petroleum 
diesel and shift towards bio fuel the diesel is blended 
with bio ethanol and it is found as the possible fuel 
blend for diesel replacement in diesel engines. The 
use of ethanol was suggested as fuel in USA in the 
1930s, but it was used widely only after 1970. The 
application of ethanol in CI engine as fuel may 
strengthen agricultural economy, reduce 
environmental pollution, create job opportunities, 
reduce fossils fuel (diesel fuel) requirements, thus 
contribute in conserving commercial energy source.   
 
McCormick et al., 2001, biodiesel acts as an good 
emulsifier for ethanol blending with a conventional 
diesel fuel. The dramatically improvement in the 
solubility of ethanol in diesel fuel all ratios and a 
wide range of temperatures. McCormick and Parish. 
2001 suggested that ethanol blending with biodiesel, , 
and diesel fuel improve some properties of biodiesel–
diesel blends and ethanol–diesel blends. Their studies 
supports to formulate a new form of biodiesel, 
ethanol and diesel fuel blend. Durbin et al., 2002 
ethanol is a low cost oxygenate and high oxygen 
content (30 to 35%) it has been used in ethanol–diesel 

fuel blends. The use of ethanol in diesel can reduce 
particulate matter (PM) emissions for motor vehicles. 
Ahmed, 2001;Lu¨ et al., 2004 state many technical 
barriers to use of ethanol in diesel fuel due to low 
cetane number  and poor solubility of ethanol in 
diesel fuel in cold weather. In fact, to operate diesel 
engines normally on ethanol–diesel blend some 
additives are needed. Fernando and Hanna, 2004 
reported that the ethanol–biodiesel–diesel fuel blends 
stable well below sub-zero temperature and have 
equal or superior fuel properties to regular diesel fuel. 
S. Fernando & M.Hana, 2004 studied the phase 
behavior of a denatured Ethanol-Biodiesel-Diesel i.e. 
EB-Diesel at 20 °C, ethanol was completely miscible 
in regular low sulphur diesel at all concentrations. 
Water in an EB-diesel blend proved to separate when 
subjected to cooling Except the two blends ethanol: 
biodiesel: diesel-3.75%:25%:71.25%and ethanol: 
biodiesel: diesel- 4.00%:20%: 76.00%. The 
microemulsion fuel blends had the same energy 
values with reference to diesel. When Low Sulphur 
Diese (LSD) was used in the blend, a 2.3-fold 
increase of lubricity was observed. The increase of 
lubricity when Ultra Low Sulphur Diesel (ULSD 
)was used was 4-fold. Low Sulphur Diesel and Ultra 
Low Sulphur Diesel blends have slightly lower cetane 
numbers than diesel. The flash points of both blends 
were reduced only by a few degrees, in comparison to 
LSD and ULSD fuels. Makareviciene et al., 2005 
characterized the solubility of biodiesel in fossil 
diesel fuel . They also suggested that addition of ester 
to fossil diesel fuel and ethanol mixture increases 
solubility of ethanol in diesel fuel. The flashpoint of 
ethanol–diesel blend is low which is a technical 
barrier to use this fuel blend. But the addition of 
emulsifiers (Biodiesel) maintains the flashpoint of 
blend. Shi et al., 2005, 2006 study the ethanol (5% on 
a volume basis), biodiesel (20% on a volume basis) 
and diesel fuel are simply blended. Biodiesel act as an 
emulsifier and ethanol is emulsified into fuel blend. It 
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can be stable for at least for 3 months.  Xiaobing 
Panga et al. tested two fuels first was commercial 
Chinese diesel fuel without any additives, which was 
used as a reference fuel and a base fuel for the 
preparation of ethanol–biodiesel–diesel blends. The 
second was ethanol–biodiesel–diesel mixture 
containing ethanol-5%, biodiesel-20%, and diesel-
75% v/v, respectively, and noted that BE–diesel is 
more  friendly to the environment. Alcohols have 
been widely used in compression ignition engines as 
alternative fuels. Although alcohols are cheaper than 
standard diesel fuel, there are challenges with respect 
to utilization of alcohols in diesel engines and 
blending these fuels with diesel. While it is possible 
to directly evaluate alcohols in diesel engines, it is 
necessary to overcome the disadvantages of alcohols 
including low lubricity, difficulty of vaporization and 
high auto-ignition temperature. Using additives and 
increasing intake air temperature are two of the 
methods to overcome lubricity and vaporization 
problems .  
 
The authors analyze the combustion and performance 
of Karanja. They gave the conclusion of using 30% 
blend would not give the negative impact, so 30% 
blend is taken for analysis  lubricity and vaporization 
problems of can be solved by  mixing alcohols with 
diesel fuels. However, it is very well-known that 
diesel fuel and alcohols are immiscible and require 
co-solvents or emulsifiers, which are expensive and 
the mixing process could become complicated 
because of splashing, blending, heating, separation or 
other processes. Rakhi N,Mehata et al. 2010 present 
study of various blends of  butanol, petrodiesel, as 
well as biodiesel blends were prepared and analyzed 
for their fuel properties and stability and compared 
with those of the petrodiesel. All the blends were 
observed to form a single clear and stable phase at 15, 
29, and 45oC. However, biodiesel is known to be 
miscible with alcohols and diesel fuel. Because of 
that, use of biodiesel–methanol, biodiesel–ethanol  
and comparisons of biodiesel–methanol and 
biodiesel–ethanol fuels  have been investigated as an 
alternative way of using alcohols, as well as biodiesel 
fuels, in order to improve engine emissions and 
performance.  
 

The biodiesel is miscible with alcohols and diesel, it 
can also be used as an emulsifier to blend alcohols 
and diesel and to be used as biodiesel–alcohol–diesel 
blends in diesel engines. The addition of biodiesel in 
blend (biodiesel–ethanol–diesel fuels) the improves 
mixing stability, fuel properties and prevented phase 
separation. The high cetane number biodiesel 
improves the low cetane number of diesel–ethanol 
blended fuels. The same work also indicated that the 
increased ethanol % in blend results in a marginal 
decrease in spray tip penetration & decrease in the 
droplet size of diesel– ethanol blends. Jha et al.,2009  
studied use biodiesel–ethanol–diesel  blends in the 
ratio 25;5;70, 20;10;70, and 15;15;70 by volume. 

Chhenkachorn and Fungtammasan, 2010 used 
84.00% diesel, 0.25% hydrous ethanol, 4.75% 
anhydrous ethanol, and 11.00% biodiesel by volume, 
tested it in a light-duty truck and results were 
compared to baseline diesel fuel. In a similar study by 
Barabas et al., 2010, D85/B10/E5 D80/B10/E10 and 
D70/B25/E5 blends were compared to diesel fuel. 
Hulwan and Joshi, 2011 used diesel–ethanol–
biodiesel blends with high ethanol content. The 
blends ratio used are D70/E20/B10, D50/E30/B20, 
D50/E40/B10. A nonlinear optimization model was  
analyzed by lin J.F. et al,2012 that 
biodiesel−ethanol−diesel (BED) blending processes 
in a geographical region with the objective of 
maximizing the profitability of a petrorefinery firms 
while meeting many constrains, disturbances in fuel 
price and fuel demands. The blended fuel quality as 
per ASTM D7467 standard, biofuel tax credits, 
biofuel feedstock and technology development on 
potential additives and desulfurization is also 
discussed.This model indicates that 
 

 
 

 
Fig.1  A & B Phase Change behavior of Diesel- Biodiesel-

Ethanol. 
 
the optimal blend  used in diesel engine consists of  
biodiesel 25%, ethano10%  and diesel 65% by 
volume.Pushpa raj et al.,2012  the use of biodiesel 
with ethanol additive improves the performance 
parameters and decrease the CO and HC emission as 
compared to diesel fuel. 10% ethanol as additive 
would give beneficial effect. Jiefeng Lin et al. An 
experimental study of auto thermal reforming for 
Solid oxide fuel cell application was conducted with 
diesel blended with ethanol and biodiesel fuels (B25 
and B25E10D65). Diesel and biodiesel autothermal 
reforming (ATR) were taken as two baselines. The 
biodiesel requires more oxidants (air/water) and a 
higher operating temperature than diesel to mitigate 
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solid carbon formation during fuel reformation. 
Adding ethanol to biodiesel and diesel blends not 
only improves the fuel properties (e.g., viscosity and 
poor fuel performance at low temperatures) but also 
alleviates solid carbon formation during blended fuel 
reformation and reduces the occurrences of hot spots 
in the catalyst bed, which enhance the durability of 
the reformer. It is observed in the reformation of the 
fuels that the fuel blended with diesel-biodiesel-
ethanol (B25E10D65) is good for transportation and 
stationary power generation. As per Rakesh 
Vishwakarma et.al, 2014  for blend BPKED10 where 
only 70% diesel achieve performance equivalent to 
100% diesel. AR.Manickam et al. ,2014 The 
experiments were conducted with 20% Karanja 
methyl ester diesel blend with Diethyl ether(DEE) in 
the proportions of 10% and 15% have been studied 
extensively. The blends were heated upto 65oC during 
preparation and found stable for testing. The 
extensive review for diesel-biodiesel-ethanol blend 
ratios, solubility and stability states that the blend has 
good properties at certain ratios when compared with 
base diesel. The use of petrol in blend also raised the 
property of mixture and performance of engine.  
 
II. EFFECT OF ETHANOL 

CONCENTRATION ON PHASE 
STABILITY 

 
The three purities of ethanol (95%,99.5%, and 
99.9%) at room temperature are available.As per 
Prommes Kwanchareon et al., the phase behavior 
diagram of the diesel–biodiesel and hydrous ethanol 
(95%) at room temperature is shown in Fig. 1A. The 
hydrous ethanol contains 5% water and water has 
high polarity, which increases the polar part in an 
ethanol molecule. Consequently, diesel is a non-polar 
molecule and it is not compatible with hydrous 
ethanol 95% purity. The addition of biodiesel cannot 
improve the inter solubility of diesel and hydrous 
ethanol.  
 
Therefore, hydrous ethanol may not be suitable for 
blending. In the case of anhydrous ethanol (99.5%), 
the intersolubility of the diesel-biodiesel-ethanol was 
not limited. They mixed into a homogeneous solution 
at all ratio, as shown in Fig. 1B. Because anhydrous 
ethanol (99.5%) has lower water content so it is more 
soluble in diesel fuel and biodiesel is a good additive 
(a surface-active agent) to keep the mixture in one 
phase. The mixture of diesel-biodiesel-ethanol 
(99.9%) also make good one phase mixture but 
ethanol (99.9%) is expensive than ethanol(99.5%) in 
India. 
 
III. EFFECT OF TEMPERATURE ON 

PHASE STABILITY 
 
At 10oC, the mixtures of ethanol and diesel in the 
range of 20% to 80% by volume is clear liquid and in 

crystalline phases. The mixtures of ethanol and 
biodiesel form a homogeneous solution at any ratio. 
The mixture of diesel and biodiesel (70% to 99%) 
without ethanol become a gel.  The research work of 
Prommes Kwanchareon et al. states that below 20oC 
the phase stability of diesel-biodiesel-ethanol (99.5%) 
is not promising at various blend ratios. At 20oC, all 
the blends were almost in liquid single phase except 
for the ratios of ethanol from 30 to 70% in diesel. At 
30oC and above upto 40 oC, all the blends were liquid 
single phase. Hence the blends have stability as a 
single phase liquid fuel at higher ambient 
temperatures (30 oC – 40oC). In India peninsula the 
range of ambient temperature is suitable to use 
blended liquid fuel without the problem of phase 
separation. In northern regions of India the addition 
of more additives may prevent the fuel from phase 
separation more research is needed in this direction.  

 
IV. FUEL BLEND PROPERTIES 

 
The following discussions are reviewed for blended 
fuel properties: 
 
A.  Density 
It decreases with an increase in the % of ethanol in 
the blends as ethanol has less density. But, when the 
biodiesel percentage increases, the density increases, 
resulting in higher viscosity leads to inferior fuel 
injection. However density values for stable range of 
blends were in acceptable standards. 
 
B.  Cetane Index 
The cetane index of the blends decreases, with the 
increase of ethanol % because ethanol has low cetane 
index 5–8. The lower cetane index leads to poorer 
ignition property. However, biodiesel, improve this 
property as it has high cetane index. Some of the fuel 
blends (80%D15%B5%E) have higher cetane index 
than diesel. 
 
C. Heat of combustion 
The heat of combustion decreases with the addition of 
ethanol and biodiesel in diesel, it is due to the lower 
calorific value of biodiesel and ethanol. These trends 
are reported by Fernando and Hanna, Cheenkachorn 
et al., and Ajav and Akingbehin. Lower heating value 
of fuel blend has a direct influence on the specific 
power output of an engine. It is reviewed that the heat 
of combustion of the blends containing ethanol upto 
10% have heating value equivalent to conventional 
diesel. 
 
D. Pour Point 
All of the blends have almost the same pour point at 
30oC and above upto 40oC. Because the ethanol has a 
very low pour point and biodiesel has a higher pour 
point than diesel. But in the blends diesel is a major 
component, hence, the pour points of the blends and 
base diesel have not much difference. 
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E. Flash point  
It is the lowest temperature at which a fuel ignites 
before ignition source. The flashpoint of blend was 
substantially different from base diesel and extremely 
low, in the range of 12–17oC. The low flash point 
makes the blend highly flammable as it is below the 
ambient temperature in India. The precautions should 
be taken in handling and transporting the fuel blend. 
This facts are discussed by many researchers. 
 
V. PREPARATION OF BLENDS 

 
Biodiesel produced in the laboratory or available in 
market is used for the preparation of its blends with 
petroleum diesel by blending techniques. Take 
Biodiesel and petroleum diesel in a conical flask 
under continuous stirring to ensure uniform mixing at 
45 ˚C for 45 to 60 minute. These blends are on 
volume basis and store in amber glass bottles and 
leave them for some days or months without 
movement for observation of phase separation etc..  
 
CONCLUSION 

 
The phase stability of diesel-biodiesel-ethanol blends 
at different ratios and at different temperature ranges 
above 20oC.The biodiesel acts as additive 
(Emulsifier) for diesel and anhydrous ethanol (99.5% 
and above) mixture. The blend (diesel-biodiesel-
ethanol) is almost stable at 20oC. Similarly above 
30oC to 40oC the blends are stable at all ratios. The 
hydrous ethanol (95%) is not recommended due high 
contain of water to use in blend. The extensive review 
for blend ratios, solubility and stability states that the 
blend has good properties at certain ratios when 
compared with base diesel. The use of petrol in blend 
also raised the property of mixture and performance 
of engine. 
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