
IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE) 

e-ISSN: 2278-1684,p-ISSN: 2320-334X, Volume 14, Issue 3 Ver. II (May. - June. 2017), PP 41-47 

www.iosrjournals.org 

DOI: 10.9790/1684-1403024147                                           www.iosrjournals.org                                  41 | Page 

 

The Impact of Various Surfactants on the Water-in-Diesel Fuel 

Emulsions 
 

Khaleel I Abass 
(Mechanical Engineering Department, University of Technology, Iraq) 

 

Abstract:Diesel fuel is a hydrocarbon fuel is located at the middle of the hydrocarbon chain resulting in the 

distillation tower.This fuel is used commonly in the entire world and especially in Iraq for the production of 

electrical energy, transportation, and factories. Diesel burning produces large exhaust pollutants which are 

mostly blackcarbon, NOx, and SOx. These contaminants are widely polluting the surrounding environment and 

mischievous. In this research, a study on the possibility of mixing the diesel fuel with water to produce an 

emulsion that reduce the resulting exhaust pollutants from it, and improves the produced energy. 
This study aims to highlight the impact of using various surfactant agents' types with the formulation of water-

in-oil (w/o) emulsions for the Iraqi diesel fuel. The Iraqi diesel was emulsified using salt, sugar, and sodium 

carbonate as the emulsifying agent to produce water in oil emulsions. The emulsions fuel oil obtained were 

subjected for many tests to find out its thermophysical and combustion specifications and storage stability of the 

resulted emulsion to be used in the production of electric power, marine, bricks plants, and transportation. 
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I. INTRODUCTION 
Marine and automotive transport, shipping and air transport account for nearly a third of the world's total energy 

consumption and contributes for more than 25% of the world's CO2, as well as methane and nitrogen oxides. 

The rest of the fossil fuels are used in the production of electric power, foundries and brick factories [1-3]. 

The escalating threats to global climate change have affected the policies of governments all over the world. The 

effects of climate change have caused major political and social reactions and have led to major shifts in social 

and economic policies. Climate change has always been on the agenda of political leaders of the European 

Union and the United Nations, governed by international agreements and scientific and political conferences 

have been held on this subject[5-7]. 

Global awareness of climate change has been on the increase and vigorous efforts have been made at the level of 

many new technologies to reduce greenhouse gas emissions and reduce their negative impact on the global 

economy and the health of present and future generations [8]. These efforts have increased to some extent in 

recent times to increase public awareness of the seriousness of climate change. These days, the world has begun 

to push for the use of alternative fuels such as bio-diesel and bio-ethanol as a substitute fuel for automotive 

engines and the marine industry [9-12]. Prior to this, several studies were conducted on the use of emulsified 

fuels to reduce the emission of polluting gases (CO2, CO, NOx, SO2, etc.) to the environment [13, 14]. 

The emulsifier is a mixture of two liquids at the level of the droplet and the fluid joints are very overlapping. 

These systems have a minimum level of stability, which can be increased by adding an effective substance on 

the surface. This material may be solid in the form of molecules or liquids, known as surface agents, emulsifiers 

or emulsifiers [15, 16]. 

The possibility of combustion of emulsified fuel was examined to study the impact of this fuel on the 

performance of the engine and the resulting pollutants. Ref. [13] mixed diesel with water to form fuel emulsions 

and used it in some internal combustion engines. Ref. [17] has shown that certain factors enable two possible 

types of fuel oil emulsions: oil in water and water in oil emulsions. 

From the previous literature review we find limited information on the stability of emulsion due to surfactant 

effect in emulsions due to the possession of both adsorption materials from emulsion (water and fuel) [18]. 

There are few studies on waterfront and heavy fuel [19]. 

The emulsifier is made up of water and fuel, and this material takes one of two forms: emulsifier fuel in water 

(O / W) that has oil inside the mole molecule. The emulsion of the water in the fuel (W / O) is where the oil is 

the outer part and the water inside. The emulsion system depends on the chemical nature of the emulsifying 

agents [20]. 

The stability of the emulsions used as fuel is of paramount importance, as the fuel emulsion must remain stable 

while kept in the mixing tank until it reaches the combustion chamber. The unstable emulsifier begins to detach 

before entering the combustion chamber [21]. 
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The Iraqi diesel fuel is characterized by its moderate cetane number and high sulfur content. The Iraqi 

researchers worked hard to find alternatives to diesel fuel, as biodiesels, or by adding biodiesels and many other 

oxygenates to diesel [22-24]. Also, they tried to add gaseous fuels like hydrogen, Natural gas and liquefied 

petroleum gas to diesel and made the engine operates in duel fuel mode [25-33] 

The aim of this study is to highlight some problems encountered in formulating water-in-oil (w/o) emulsions of 

diesel fuel: the nature and type of emulsifying agent, the method and means of mixing as well as the stability of 

the w/o emulsions. This work is a part of continuous efforts in Energy and Renewable Energies Technology 

Center, University of Technology, Baghdad, Iraq, to improve the Iraqi used fuels [34-79] and to work towards 

renewables for energy generations [80-109]. 

 

II. MATERIALS AND METHODS 

Means of mixing: There are many types of emulsifying equipment available, including ultrasonic shakers, 

colloidal mills, high pressure conduits and mechanical mixers. In this study, an ultrasonic shaker type 

(TELSONIC ULTRASONICS CT-I2) was used. This shaker has a 12 liters tank and it is an appropriate mixer 

as it separates the liquid particles and mixes them with the existence of surfactant agent. 

Select emulsifying factor: The real importance of the emulsion lies in deep changes in its compositionespecially 

at the double electrode layers near the interfaces. Double electrical layers control the emulsification stability by 

blocking particle coagulation. Emulsion effects are dispersed between the molecules of water and oil. Thus it 

makes it possible for water and oil to become thoroughly dispersed in each other, creating a homogeneous 

stable, smooth emulsion. 

Emulsion Addiction: For a stable emulsion, you can use any of the following methods: 

Method of agent in water: Emulsion is dissolved in water in the first stage and oil is then added with appropriate 

agitation.  

Agent-in-oil method: This process is the reverse of agent in water method and it is used to produce w/o 

emulsion directly. 

Nascent soap method: In is process soaps are used for as emulsions stabilizers. 

Alternate addition method: Both water and oil is added alternatively. 

In this study, the agent-in-oil method is used to produce the w/o emulsions. 

Time of agitation: Under normal circumstances the average particle size decreases rapidly at first and then 

gradually reaches the limit value in 1-5 minutes. To ensure a homogeneous and stable emulsion, the ultrasonic 

vibration was maintained for 4 continuous hours per sample. After the mixing process, leave the sample to 

stabilize and observe the separation between water and oil daily to determine the duration of the emulsifier 

stability and the acceptable length of storage. 

 

Experimental procedure: 

Emulsion preparation: Different percentages of diesel in water mixtures adequately stabilized with several types 

of surfactants. In this study the aim was to find a popular and cheap surfactant that does not increase the cost of 

the produced fuel. For this purpose salt, sugar, sodium carbonates were used as surfactant by weight fractions of 

0.1, 0.2, 0.3, 0.4, and 0.5. The water was poured in the ultrasonic shaker and then the surfactant was left to 

dissolve in it and then the diesel fuel was added gradually. The shaker was left for 4 hours to confirm the 

complete the mixing. After the end of shaking process, a sample is taken from the produced emulsion and was 

kept for observation every day to define the time of separation. The percentage of water added to diesel was 

determined by 20% of the distilled water and was used to eliminate the number of experiments. 

The used equipment 

As mentioned before an ultrasonic shaker type (TELSONIC ULTRASONICS CT-I2) was used to prepare the 

emulsion duel. Emulsion density was measured using a sample (250 ml) of the emulsifier fuel by weighting it 

and then divided by volume. The emulsion viscosity was measured using the Brookfield Programmer's 

viscometer (model: LVDV-III ultra-programmable) to gauge the viscosity of the produced fuel. The viscosity 

device is connected to a laptop computer to collect and storage data. Components of fuel as carbon, hydrogen, 

oxygen, sulfur, and nitrogen were examined at the laboratories of the Al-Doura Refinery in Baghdad, Iraq. 

 

III. RESULTS AND DISCUSSION 
Effect of the emulsifying agent: The choice of emulsifier factor is very important because it determines the 

stability of the resulting emulsifier as the combustion will be very difficult if the liquid is separated from each 

other during the combustion process, if not impossible, the flame cannot be maintained in the combustion 

chamber if the water surrounding the oil drops is separated and will work on Rapidly extinguish flame. 

After obtaining a suitable agent, it is necessary to empirically determine the appropriate amount of it to be 

added. In this study, due to the use of more than one agent, so the beginning was with the smallest proportions 

to add and study the produced emulsion stability, so that the prevent mixture separating into the mixing tank for 
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an acceptable time. The separation of the mixture means entering water into the combustion chamber, which 

causes the flame to extinguish and damage the fuel system. 

On the other hand, the use of a very large amount of agent will cause confusion of the resulting emulsion, affect 

the spatially burning emulsion or may block the pump blades, thereby weakening the fuel propulsion into the 

combustion chamber. 

Fig. 1 represents the effect of the used surfactant weight on the stability of the produced emulsions. The figure 

reveals that the highest stable emulsion was the one with salt (0.4% weight fraction) where it continued stable 

for 32 days which is a suitable storage period of fuels to be used safely. Also, the other used agent gave good 

convergence in the days of stability where the (0.5%) sodium carbonate continued stable for 22 days which is a 

good period. As well as, sugar with weight fraction of 0.3% continued stable for about 16 days. The low 

stability time of sugar can be referred to its nature as carbohydrate materials similar to the diesel fuel which 

makes it has lower effect then the other two materials which has sodium in its composition that may be the 

reason for the longer stability period. These three emulsions were selected to further tests to find its 

thermophysical and combustion properties.       

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. 1 Stability days for the produced emulsions 

 

Table 1 illustrates the thermophysical and burning properties for three selected emulsions. These chosen 

emulsions were the three ones that have given the maximum stability as the former figure manifests. The main 

thermophysical property was the density. Density is the degree of compactness of a substance; also, it is a 

measure of the amount of information on a storage medium. If the density of the emulsion was increased greatly 

then the change of the fuel pump becomes a must. The table's results reveal low variation in the density of the 

emulsion does not exceed in the worst cases (salt and sodium carbonate emulsions) 2.43%. This result means 

that the prepared emulsions are ready for use without the need for any improvement in the fuel system.  

Table 1 Thermophysical and combustion properties of the selected emulsions compared with diesel fuel 

 

Property Diesel 
Salt emulsion 

(0.4%) 

Sugar emulsion 

(0.3%) 

Sodium carbonates 

(0.5%) 

Density (kg/m
3
) 820 840 835 840 

Cetane number 48.5 46.7 46.55 46.5 

Lower heating value 

(MJ/kg) 
42.31 43.76 43.45 43.7 

Viscosity (cSt) 2.87 2.99 3.0 2.98 

Final boiling point (°C) 369.8 343.2 345 343.7 

Element analysis 

C%       (w/w) 86 75 73 75 

H%       (w/w) 12.935 17.3 16.81 17.3 

O%       (w/w) - 7 6.7 7 

S%        (w/w) 1 0.642 0.642 0.942 

N%       (w/w) 0.065 0.058 0.06 0.59 

Molecular weight 

 (g/mole) 
211 191 193 192 
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The viscosity is another important thermophysical property that defines the state of being thick, sticky, and 

semi-fluid in consistency, due to internal friction. It is the real expression of the quantity that expresses the value 

of internal friction in any fluid; it is a measure of a fluid's resistance to flow. Viscosity describes the internal 

friction of moving liquids. A fluid with large viscosity resists motion because its molecular structure gives it a 

lot of internal friction. The liquid with low viscosity is easily flowing because the molecular structure has very 

little friction when in motion. Table 1 results reveal an increase in the three studied emulsion viscosities due to 

the water addition which has higher viscosity than diesel fuel. However the increase rate was 4.1, 4.5, and 

3.83% for salt, sugar, and sodium carbonate emulsions, respectively. The little variations between the increase 

rates are caused by the surfactant used.  

The ignition quality of diesel fuel is measured by the cetane number which is a quantity indicating the ignition 

properties of diesel fuel relative to cetane as a standard. If the diesel has a higher cetane umber that is mean it is 

easier to start a diesel engine. The cetane number indicates the proportion (volumetric fraction) of the cetane 

(chemical name hexadecane) in a combustible mixture (containing cetane and 1-methylanapthalene) that 

matches the ignition characteristics of the tested diesel fuel. The Iraqi diesel fuel has moderate cetane number 

ranges from 42 to 48. This value reduced by adding water but its reduction was limited as 3.7, 4.4, and 4.5% for 

salt, sugar, and sodium carbonate emulsions, respectively. The tiny variations in reduction rates referred to the 

surfactant material. 

The heating value of any fuel is the energy released per unit mass or per unit volume of fuel when the fuel is 

burned completely. Low heating value (LHV) for any fuel is defined as the net thermal value and is determined 

by subtracting the evaporation temperature of water vapor generated during fuel combustion from the higher 

heating value. In other words, the water vapor produced by combustion draws some of the heat from fuel 

combustion. The numerical difference between the LHV and the fuel HHV is roughly equivalent to the amount 

of heat evaporative potential that can be recovered practically in the secondary condenser per unit of burned 

fuel. 

The LHV for the tested emulsion were increased slightly due to increase in the fuel's water content. The 

increment rates were 3.4, 2.7, and 3.28% for salt, sugar, and sodium carbonate emulsions, respectively. Again, 

the small variations in the LHV changes are due to the used surfactant material. 

The table shows that there are reductions in the final boiling points of the emulsions compared with diesel fuel 

due to the addition of water that have lower boiling point. The drop in the boiling point of the three emulsifiers 

was obvious; it was 7.2, 6.7, and 7% for salt, sugar, and sodium carbonate emulsions, respectively. 

One of the most important consequences of adding water to diesel fuel is the low carbon-to-hydrogen ratio, 

which means high flame speed and temperature.Also, the high proportion of oxygen in the emulsion relative to 

the nonexistence in the original diesel, which means that the combustion will be complete and there will be 

reduction in the unburnt exhaust pollutants. However, there is another aspect of the image, providing oxygen 

and increasing the speed of combustion and temperatures because of the increase of the ratio of hydrogen to 

carbon means the high NOx pollutants resulting from combustion. As a result, there will be a good enhancement 

to burning quality with using the tested emulsions compared to diesel fuel alone. 

 

IV. CONCLUSION 
 

Preparation of stable emulsions presented a lot of problems. It requires an emulsifying agent to produce stable 

distillate fuel emulsions (diesel is a distillate fuel). The choice of emulsifying agent is very important as a w/o or 

o/w emulsion can be obtained, depending on the chemical nature of the agent. Successful combustion of fuels 

emulsified with water can only be achieved if the emulsion is of the water-in-oil (w/o) type. The limit on the 

percentage water content of an emulsion for effective and controllable combustion depends on the chemical 

nature of the emulsifying agent (which must be of the w/o type or a lipophilic) and the mixing device employed. 

Water-in-oil emulsions would have been welcomed as shipping companies would have embraced a fuel with 

higher combustion efficiency. But with the present trend of global events, interest is directed to operations that 

are rather environmentally friendly in terms of low pollutant emissions. 
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