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Abstract 

Actual questions of the use of alternative fuels in diesel engines were dis-

cussed. An extended analysis of the miscibility of ethanol in diesel fuel and the 

situations in the literature has been analyzed in detail. Phase stability of ethanol 

and diesel fuel blends in a wide concentration range [eleven volume concentra-

tion between wV,et = (0 to 100) %] was investigated. The ultra pure ethanol 

(w=99.995%) from Merck Schuchardt OHG, Germany and Shell Global Solu-

tion DK5037 diesel B0 fuel sample from 2016 was used during the preparation 

of ethanol and diesel B0 binary fuel blends. The measurements were carried 

out using an accuracy vapor-liquid equilibrium installation. Phase stability 

temperature of ethanol and diesel fuel blends at different ethanol volume con-

centrations were developed and presented. The phase stability line connected 

with the freezing points of both samples. 1-butanol miscibility in diesel fuel 

were studied for the stability comparison of both alcohols- The both samples 

(ethanol or 1-butanol and diesel fuel) were kept in flasks under a vacuum for 

during the two years of control. The alcohols polarity induced by the hydroxyl 

group (–OH) was attended and discussed 
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Introduction 

Stringent emissions standards require advancement in the primary injection and combus-

tion processes within the Diesel engine combustion chamber. One important development that 

was successfully applied to meet stringent legal requirements for Diesel engine emissions was 

the use of a common rail for fuel injection into the primary combustion chamber. Another cur-

rent development is the use of alternative fuels instead of fossil diesel or mixtures of alternative 

fuels and fossil diesel. Alternatives to fossil fuels for the Diesel engine are alcohols (methanol, 

ethanol, 1-propanol, 1-butanol etc.), biodiesel, biogas, compressed natural gas, diethyl, dimethyl, 

fuel mixtures, hydrogen, liquid petroleum gas, methyl tert-butyl ethers, rapeseed oil, synthetic 

fuels etc.[1].  

Recently, alcohols have seen increasing use as alternative fuels and have in fact been 

used in blends in internal combustion engines for a long time [2-3]. Alcohols have been de-

monstrated to work in vehicles designed for use with gasoline without modification. They can be 

produced from biomass and from fossil fuels [4]. Typically, alcohols tend to decrease internal 

combustion engine emissions [1]. Alcohols have a lower carbon content per heating value than 

diesel fuel, less sulphur content, contain a significant oxygen number (higher than traditional 
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fossil-based fuels), and much lower temperature flash point. Alcohol fuels often produce higher 

evaporative emissions than diesel fuels, due to higher vapor pressures and the relatively low en-

ergy density. Alcohol fuels have a higher octane number than traditional fossil fuels and can be 

used as an octane booster for fuels.  

However, alcohols low heating value causes a drop in engine performance, if the engine 

management system does not compensate [5]. Alcohols have a lower cetane number, which lim-

its the usage of neat alcohols in Diesel engine as an alternative fuel. Use of cetane enhancers can 

improve the potential of alcohol fuel blends and is a promising fuel for Diesel engines [4]. 

Short-chain alcohols, like ethanol is one of commonly used alcohol as an alternative to 

conventional gasoline and diesel fuels, and its using for this purpose has dramatically increased 

in recent years. Ethanol, have a high concentration of hydroxyl groups, allowing them to be eas-

ily mixed with basic diesel fuels consisting of molecules with polar groups. However, a main 

fact during the application of ethanol–diesel fuel blends in Diesel engine is that, generally etha-

nol has not good miscibility in diesel fuel over a wide range of state parameters. Lower tempera-

tures are the main problem for phase separation of ethanol and diesel fuel [6]. The miscibility of 

ethanol depends on both the temperature and length of the hydrocarbon chains of the diesel fuel. 

There are also problems with high pressure injection. Another problem for phase separation and 

pure miscibility is the presence of water and hydrocarbon composition of the diesel fuel [7]. In 

particular, phase separation of the fuel mixture can occur if the water content of the alcohol is 

more than 1 v/v %. Important physio-chemical properties, such as cetane number and calorific 

value, are also influenced, and can be improved by additives. 

In many cases, the presence of additives is necessary to ensure and increase mixture sta-

bility. Ethanol and diesel fuel blends are influenced by molecular interactions, depending on the 

type of base fuel. In ethanol-diesel fuel blends, these interactions influence the phase stability, 

flash point and distillation curves, which should be taken into account when designing the fuel 

distribution. Through the use of an additional emulsifier, which acts to suspend small droplets of 

ethanol within the diesel fuel, or a co-solvent, which acts as a bridging agent through molecular 

compatibility and bonding to produce a homogenous blend, it is possible to solve this problem 

[8]. The type of added alcohol influences the properties of the fuel mixture, especially in regard 

to distillation and thus its volatility [9]. Emulsification usually requires heating and blending to 

generate the final blend, whereas co-solvents allow fuels to be “splash-blended”, thus simplify-

ing the blending process [10]. 

The miscibility of ethanol in diesel fuel (to achieve the highest possible separation ratio, 

SRmax, without using additional solvents of the additives) was investigated in this research work. 

The phase stability of ethanol and diesel fuel blends, with different proportions and under differ-

ent temperatures, are investigated and quantified. 

There have been a number of studies investigating the miscibility of ethanol in diesel 

fuel. Different studies have proved that water-free ethanol (w = 99%) has good stability with 

diesel fuel at room temperature in warm countries. Poor stability begins to occur either when the 

mixture is doped with water or at temperatures below T = 283.15 K [11]. 
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Shi et al. [12] experimentally investigated binary blends of 19 diesel fuels with ethanol 

across a wide volume composition range and at temperatures T = (233.15 to 333.15) K. The coo-

ling method for chilling the samples was used during the investigations. The samples were then 

cooled in an electric cooler bath until the cloud point was reached, or phase separation occurred. 

The temperature of the bath was set to approximately T = 283.15 K above the expected phase 

separation temperature for the sample. 

In the work of Kwanchareon et al. [13], the phase behavior and fuel properties of the die-

sel–biodiesel–ethanol three-component fuel system were studied. w = 95% and w = 99.5% etha-

nol samples were used during the analysis. All fuel blends were kept motionless for seven days 

at T = (283.15, 293.15, 303.15, and 313.15) K to observe the physical stabilities. The samples 

were also kept for three months to test for long term stability. They reported that an ethanol sam-

ple with a purity of w = 99.5% has a wider range of miscibility in diesel fuel than a w = 95% 

sample (which is clear because of the w = 5% water content of the ethanol). The authors also 

analysed certain fuel properties: cetane index, heat of combustion, flash point, CO and NOx 

emission analysis were studied in detail. 

Lapuerta et al.  [9] (2007) measured the stability and the rate of separation of diesel–

bioethanol blends with a TurbiScan optical device with an infrared light source of 850 nm wave-

length and two detectors operating simultaneously. The equipment was specifically designed for 

the characterization of liquid emulsions suspensions and solutions. The bioethanol with w = 

99.94% purity was used during the measurements. The sample to be analysed was contained in a 

cylindrical glass measurement cell and was examined throughout its entire length in about 20 s, 

obtaining data on the percentage of transmission and backscattering per 40 μm of the height of 

the sample. The three stages of phase separation of the unstable fuel blend were then discussed: 

initial turbidity, interface appearance, and displacement of the interface until equilibrium. The 

different glass columns were used for the visual analysis of phase separation. A non-dimensional 

separation ratio (SR), the initial ethanol concentration in the non-separated phase [Cet,0(t)], volu-

metric concentration of ethanol remaining in the fuel blend after the separation (Cet,1(t), and the 

mean miscibility (S) were defined. 

Huang et al. [14] (2009) investigated engine performance and exhaust emissions of Die-

sel engines using wv,et. = (10, 20, 25, 30)% ethanol-blended diesel fuels. The results demonstrated 

that the brake thermal efficiencies decrease with increasing amounts of ethanol in the blended 

fuels. 

Rakopoulos et al. [15] (2008) studied the effects of ethanol and diesel fuel blends with 

wv,et. = (5 and 10)% on the performance and emissions of a turbocharged direct injection Diesel 

engine. The authors indicated that increasing the ethanol amount in the fuel blend increased the 

brake specific fuel consumption and decreased the brake thermal efficiency. 

Al-Hassan et al. [10] (2012) analysed phase stability of ethanol in diesel fuel and con-

ducted tests on engine performance when operating alternately on diesel fuel and its various 

blends with ethanol and biodiesel. They used the ethanol-diesel fuel blends with wv,et. = (5, 10, 

15, 20)% volume percent of ethanol into a diesel fuel. Additionally, ternary ethanol-bioethanol-

diesel fuel with wv,et. = (5, 10, 15, 20)% of ethanol, wv,et. = (85, 80, 75, 70)% of diesel fuels and 
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wv,biod. = 10% biodiesel fuel were analysed and the miscibility of ethanol in these fuel blends was 

studied. The engine properties, such as the fatty acid methyl ester compositions, were used to 

calculate elemental composition, cetane number, effects of fuel blends on equivalence air–fuel 

ratio, engine brake power, brake specific fuel consumption, and brake thermal efficiency. 

Lapuerta et al. [16] (2014) studied the  stability of distilled fuel blends at different tempe-

ratures to check whether there is a relationship between the miscibility of the blend and the dis-

tillation process. The stability of the blends was measured at five different temperatures T = 

(280.17, 288.15, 295.15, 303.15, 311.15) K with the optical instrument TurbiScan, which was 

developed for the characterization of liquid emulsion suspensions and solutions. The ethanol-

diesel fuel blends with wv,et. = (5, 10, 15, 20)% of ethanol together with four base diesel fuels was 

investigated for this purpose. The distillation curve of these fuel blends and phase stability of 

ethanol in diesel fuel were studied. 

Liu et al. [17] (2016) investigated the additives to ethanol-diesel fuel blends for increas-

ing phase stability. In this work, higher carbon-number alcohols (1-butanol, hexanol, octanol and 

dodecanol) were mixed with wv,et. = 90% ethanol/diesel fuel blends using titration method. The 

blends of anhydrous ethanol and diesel fuel were prepared and anhydrous ethanol ratios were 

wv,et. = (0 to 90) %. The temperature of measurement was T = (273.15, 288.15, 303.15) K. The 

dependence of temperature on phase separation of anhydrous-ethanol/diesel fuel blends, depend-

ing on ethanol volume concentration, was constructed. The highest temperature of phase stability 

was around T = 313.15 K at wv,et. = 40% of ethanol. The sample E20-D (wv,et. = 20%) was used to 

study the effect of ethanol purity on the phase behavior. Another parameter studied was the ef-

fect of alcohol chain length on phase stability. For this purpose, the phase behavior of ternary 

systems on wv,et. = 90% ethanol, diesel fuel, and different normal monohydric alcohols (including 

n-butanol, hexanol, octanol, and dodecanol) were tested at T = (278.15, 288.15, 303.15) K. 

Tarai et al. [18] (2016) developed a convenient method for quantifying diesel−ethanol 

fuel blends. The investigations were carried out at wv,et. = (5 to 95)% volume concentrations of 

ethanol. They used 1-butanol as a third fuel component for the increasing miscibility of ethanol 

and diesel fuel blends. The ternary phase diagrams of diesel−n-butanol−ethanol fuel blends at T 

= (283.15 to 313.15) K were analysed. Total synchronous fluorescence spectra measurements 

were then collected in the excitation wavelength range of 250−650 nm at 12 different offsets for 

both diesel−ethanol and diesel−n-butanol−ethanol fuel blends separately. 

Experimental Part 
The ultra pure ethanol (w=99.995%, absolute for analysis EMSURE®, CAS No. 64-17-5, 

Art. Nr. 1.00983.1000) were purchased from  Merck  Schuchardt  OHG,  Germany and were tho-
roughly degassed in glass flasks with special vacuum leak-proof valves before measurements. 
The water content in ethanol was less than a mass fraction of 20 ppm. The Shell Global Solution 
DK5037 diesel B0 fuel sample taken in 2016 was used during the preparation of ethanol and 
diesel binary fuel blends, which was going in deep vacuum conditions. Specific quantities of 
ethanol and diesel fuel were slowly evacuated, degassed in two separate flasks and connected 
using an adapter [19]. The volume concentration was calculated using the density of ethanol and 
diesel fuel in room temperature, in which this process was going. Importantly, samples are exam-
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ined under vacuum, preventing any possible contamination of the mixtures, thus producing more 
accurate results. This should provide an overview of possible mixing ratios and stand as a cor-
nerstone for further research. 

Before being prepared ethanol and diesel fuel blends with a concrete volume concentra-
tion were injected into the vacuum glass cell (Fig. 1, a). The magnet stirrer mixed the blend and 
the phase stability of samples was checked during all measurements. The temperature at which 
measurements were taken ranged from low to high, and then from high to low. One mixed solu-
tion or separation of ethanol and diesel fuel blend was controlled. If the temperature of the meas-
urements increased, the miscibility of ethanol in diesel fuel also increased until full miscibility 
(Fig. 1, b). When the temperature of the measurements decreased, the procedure of separating 
ethanol from diesel fuel began again (Fig. 1, c).  

   

a) b)  c) 

Fig. 1.  a) Injection into the measuring cell, b) full miscibility and c) separation process of 
ethanol from diesel fuel blend 

At the results of repeating of these measurements many times, the dependence of phase 
stability of ethanol in diesel fuel at various concentrations was obtained (Tab. 1).  

Table 1. Phase stability temperature of ethanol and diesel fuel blends at different ethanol volume 
concentrations 

Volume concentration 
of ethanol, wv,et/% 

4.8617 9.6479 14.5230 16.7715 19.5112 23.6542 

Phase stability temperature, T/K 279.15 290.65 295.95 297.15 297.85 298.85 
Volume concentration  
of ethanol, wv,et/% 

34.2000 50.4711 66.0492 79.3658 86.5969  

Phase stability temperature, T/K 299.85 299.65 293.65 277.49 257.65  

Phase stability temperature of ethanol and diesel fuel blends versus volume concentration 
of ethanol was defined and is shown in Fig. 2.  

Results and Discussion 
From the Fig. 2 it is to be seen, that a phase stability temperature of ethanol in diesel fuel 

strongly depends from the changing of sample temperature and ethanol amount in the diesel fuel. 
As the ethanol concentration increases, a higher temperature is required to avoid phase separa-
tion. Until the increasing of ethanol amount in diesel fuel around wv,et = (35 to 55) %, the tem-
perature of the phase separation goes to a peak value.  
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Fig. 2.   Plot of phase stability temperature of ethanol and diesel fuel blends versus volume 

concentration of ethanol 

The max. stability temperature of phase stability of ethanol and diesel fuel blends locates 

around between this concentration interval and not higher than T = 299.85 K. In Fig. 2, the wV,et 

= 0 and wV,et = 100% values is the freezing point of both pure substances (ethanol and diesel 

fuel). Because, at the freezing point of one sample [wv = (100) %], it does not contain a second 

sample as a miscible. In this case, the phase stability line connected with the freezing points of 

both samples. Phase stability analysis of the 1-butanol and diesel fuel blend was studied to com-

pare the miscibility process of both alcohols in diesel fuel. The both samples (ethanol or 1-

butanol and diesel fuel) were kept in flasks under a vacuum for during the two years of control. 

Ethanol was separated from the diesel fuel in all volume concentrations and at low temperatures 

during the 2-5 h (Fig. 3, a). 1-butanol, which is completely mixable in diesel fuel, did not require 

stability measurement (Fig. 3, b).  

  
a) b) 

Fig. 3. a) Separated to two phase ethanol and diesel fuel blend after some hours and                      

b) stable 1-butanol and Diesel fuel blend during the two years of control 

This fact can be confirmed, because alcohols have polarity induced by the hydroxyl group 
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(–OH) and are the most polar chemical groups. If the chain length of the alcohol in the chemical 

structure increases, the nonpolar part of the molecule (i.e., the aliphatic chain) will dominate. In 

this case, 1-butanol has a reducing polar character in comparison with ethanol. In other words, in 

volume of alcohol, the concentration of hydroxyl groups become larger as the molecule becomes 

shorter.  

Conclusion 

In this research work, a new phase stability temperature analysis of ethanol and diesel fuel 

blends over a wide concentration range was carried out. Highly pure ethanol and Shell standard 

diesel fuel were used in the preparation of fuel blends. The maximum phase stability temperature 

of the ethanol-diesel fuel blends was determined very accurately by repeating the heating or 

cooling of the measuring cell many times. The full miscibility of 1-butanol in diesel fuel and the 

phase stability of them about two years were investigated and compared with compared with 

miscibility of ethanol-diesel fuel blends. 
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