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ABSTRACT 
This review paper contains the basic concept of emulsification process. Water in diesel emulsification deceases the 

production of Nox in exhaust system. Some oils emulsified with diesel oil give better performance but it increases overall 

cost of fuel.  This paper also makes focus on use of coal as a fuel. Coal is a kind of non-renewable source of energy and it is 

less in quantity n earth. So idea of using charcoal as an energy source may give new direction of science. Charcoal-diesel 

slurry can be prepared by the emulsification process by using proper surfactant.  
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REVIEW 

Emulsification process is the most important in study 

of charcoal slurry. Stability of charcoal-diesel slurry 

must be as more as possible. In support of this, an 

experimental study was conducted on NOx and PM 

emissions reduction on an automotive HSDI Diesel 

engine with water-in-diesel emulsion and EGR by 

Alain Maiboom and Xavier Tauzia from France in 

2010. They conducted an experiment on a modern 

automotive HSDI Diesel engine while injecting a 

water-in-diesel emulsion (WDE) with a volumetric 

water-to-fuel ratio of 25.6%. Four injection strategies 

are considered with and without pilot injection, with 

two levels of injection pressure. First, the injection of 

WDE is compared to diesel-fuel in terms of 

combustion and NOx and PM emissions without 

using exhaust gas recirculation (EGR). Depending on 

the WDE fuelling rate and injection strategy (with or 

without a pilot injection before main injection), NOx 

emissions are most often reduced (of up to 50%), and 

PM emission are most often decreased as well (the 

maximum relative reduction being 94%). The 

Hydrophilic Lipophilic Balance (HLB) methodology 

was used to help finding a stable WDE. During the 

tests, the more stable emulsion was obtained by using 

two emulsifiers, Span 80 (sorbitan monooleate) and 

Tween 85 (polyoxyethylenesorbitan trioleate), the 

volumetric ratios being respectively 1.3% and 0.7% 

and the HLB number being equal to 6.5.following is 

the experimental setup they used. 

 
Figure 2.1:  experimental set up used for water-

diesel emulsion fuelled engine 

They concluded that with the lower injection pressure 

NOx emission is always reduced when using WDE, 

compared to pure diesel fuel (the NOx emission 

relative reduction can vary from 30% to 50%). This 

can be explained by flame temperature reduction 

caused by water evaporation, thermal dilution with 

water and combustion off-phasing. When injection 

pressure is increased, NOx emission can even 

increase (of up to 24%) with WDE compared to pure 

diesel, due to faster combustion.[1] 

Jamil Ghojel , Damon Honnery, and Khaled Al-

Khaleefi from Melbourne, Australia had checked 

Performance, emissions and heat release 

characteristics of direct injection diesel engine 

operating on diesel oil emulsion in 2006. In this 

paper they presented measurements of the 

performance and NOx and hydrocarbon emissions of 

a diesel engine operating on a typical diesel oil 

emulsion and examine through the use of heat release 

analysis differences found during its combustion 

relative to standard diesel in the same engine. They 

used several emulsified fuels which are commercially 

available and are marketed under trade names such as 

PuriNOx (Lubri-zol), Proformix (Chevron), 

Aquadiesel (Shell), Aquazole (TotalFinaElf), Aspira 

(BP) and GECAM (Cam Technologie). The water 

content in these fuels range between 10% and 20% 

for the summer blend with some methanol for the 

winter blend.[2] Fig. shows details of the 

experimental setup. Tests are done in a 4-stroke, 4-

cylinder, direct injection industrial diesel engine. 

 
Figure 2.2: experimental set up for diesel-oil 

emulsified fuelled engine 

Table 2.1: comparative properties of DOE and 

CDF (certified diesel fuel) 

 
Use of diesel oil emulsion in a diesel engine has 

shown it to perform with similar or greater 
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thermodynamic efficiency than standard diesel, but 

because of the water content fuel 

Consumption is greater for the same power output; 

brake specific fuel consumption is higher. As a 

consequence, peak engine power output is lower. 

Apart from efficiency benefits, the emulsion also 

produces lower emissions of  NOx and hydrocarbons 

than standard diesel fuel. Measurement of in-cylinder 

combustion processes has shown the emulsion to 

have a retarded fuel injection relative to diesel for the 

same engine timing. The presence of water in the 

emulsion has also been found to alter the ignition 

delay of the fuel, although, the adverse effect of this 

is partially offset by the retarded injection. Increased 

use of a cetane enhancer in the emulsion could 

further improve this.[2] They also suggests  that 

Switching to DOE does not require any retrofitting or 

engine system modification as long as engine 

derating is acceptable. 

By the study of above discussed literature, concept of 

using solid fuel emulsified with diesel oil emerges in 

mind. Coal contains carbon particles and its higher 

calorific value is good comparatively. Use of coal can 

be easy by gasification and liquification process. But 

using coal-in- diesel oil with the help of emulsion 

process can be a new concept in the path of an 

alternative fuel. By microemulsion of coal particles 

in diesel oil with proper surfactant, coal-oil can be 

prepared. 

Department of  Mines, Mineral and Energy, 

Richmond, Virginia, published a report on Coal-in 

water : future fuel  and stated that  It is generally 

thought that coal and water, like oil and water, don't 

mix, but recent research at two corporations with 

headquarters in Virginia is doing much to nullify this 

view. In the last ten years research by a number of 

firms working independently has led to the 

development of a coal-water mix that will burn 

efficiently in today's furnaces, be easy to handle, and 

retain its properties throughout storage and use. The 

level of this development is so high and expectations 

so great that today free communication between fuel 

developers has ceased-in its place is substantial 

optimism and a good measure of secrecy. There are 

problems to be sure, but Dr. Richard Wolfe, 

Executive Vice-President of the Research and 

Development branch of United Coal Company, 

Bristol, Virginia and Mr. Neil Rossmeissl, Plant 

Manager of the ARC-COAL Corporation's pilot plant 

at Fredericksburg, Virginia think that commercial 

development is certain but now likely to be a few 

years longer in production. The fuel has been 

undergoing extensive testing at a number of sites for 

more than three years, and reportedly no serious 

technical problems remain in producing or burning 

the paint-like substance. One of the great assets of the 

mixture is that it is liquid and it can be transported 

and handled like a liquid. It burns with an oil-like 

flame and burns efficiently.[4] 

The general formula for the fuel is 70 (to 80) parts 

coal to 29 (to 19) parts water plus 1 part "additives." 

Variations in overall content reflect differences in 

feedstock coals and in manufacturers' preferences. 

The coal is pulverized to the fineness of talcum 

powder so that it can be atomized for burning-the 

water goes off as superheated steam. The ingredients 

making up the additives are a tightly held secret. 

Some information is generally available on the size 

distribution of the coal particles, but not on the 

process of grinding, except to say that it is done in a 

ball mill as water and coal mixture. The additives and 

the sizes of the particles control the storage, flow, and 

burning properties of the fuel. The tiny particles are 

held in the water suspension by a particular 

arrangement of their opposite electric charges to 

produce a gel-a semi-solid like thick paint.  

Some mixing or stirring is required to keep the 

material in a homogeneous state for extended periods 

of time. The additives aid suspension by dispersing 

the particles, as do detergents aid in suspending dirt 

in the household wash. The size distribution 

determines the packing array of the particles. During 

pumping and atomization for burning, the fluid-flow 

properties of the mix are critical to its successful use. 

The fuel mixture is the  colloidal suspension. It pours 

and looks like chocolate syrup, a medium grade oil or 

black, latex paint. It feels oddly dry on the fingers, 

especially when it is warm, and it will soil them. A 

black ball, or at least a blackwad, can be made of the 

powdered coal as the water is squeezed out between 

the fingers. It is not greasy, and it is easily removed 

from the skin with soap and water (dispersing 

agents). A sub aerial spill of the material is all but 

immobile, for it quickly dries in air and forms a 

crumbly material which can be shoveled up for 

resuspension. 

Nitrogen oxides (NOx) are not released in large 

quantities during the burning of CWS (Coal-Water 

Slurry) because of the relatively low temperature of 

the flame. CWS burns at about 1371ºC, a temperature 

94-204 ºC less than the parent coal. Some ash is left 

when CWS is burned – it accumulates in popcorn-

like aggregates below the burner heads and its is 

easily collected and removed.[3] 

P.R. Badgley from U.S. department of energy, west 

Virginia, had worked on Novel Injector Techniques 

for Coal-Fueled Diesel Engines. Two different types 

of CWS FIE have been designed and operated on the 

Cooper JSl engine. The first was a jerk pump based 

system using a unique AMBAC injector design. The 

jerk pump, which handles only diesel fuel, provides 

the fuel metering function and hydraulic pressure 

required for the injection. The AMBAC injector 

provides a barrier between diesel fuel and CWS and 

uses a multihole nozzle for atomization. CWS fuel 

was supplied either from a pressurized tank or from a 

holding tank using a Moyno pump. This system was 

very similar to GE's first two systems. The second 

system is based on the Cooper-Bessemer common 

rail fuel system. Pressurized CWS is supplied by an 

accumulator and fuel metering is handled by Cooper 

-Bessemer's common rail unit. Initial tests with the 

jerk pump system were plagued by mechanical 

jamming of the moving parts in contact with CWS. 

Systematic design modifications during Phase 1 JS 

testing have solved early problems and CWS tests 

were conducted for as long as two hours 

continuously. Most of the injection system 

development and Phase 2 testing have been with the 

jerk pump system, while the common rail system 

remains the backup approach.[4] 

J.A. Caton, K.D. Kihm, A.K. Seshadri, and G. 

Zicterman, have carried out experiment on  

Micronized-Coal-Water Slurry Sprays From a Diesel 
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Engine Positive Displacement Fuel Injection System. 

They had done experiment to study the modification 

of injection system required for coal-water slurry. 

Experiments have been conducted to characterize the 

sprays from a modified positive displacement fuel 

injection system for a diesel engine. Diesel fuel, 

water and three concentrations of micronized coal-

water slurry were used in these experiments. The 

injection system includes an injection jerk pump 

driven by an electric motor, a specially designed 

diaphragm to separate the abrasive coal slurry fuel 

from the pump a single hole fuel nozzle. [5] 

 
Figure 2.3: experimental set up for micronized 

slurry spray system 

They concluded as follows: 

• Micronized coal water slurry was injected 

successfully using a modified diesel engine 

positive displacement injection fuel injection 

system. 

• Injection pressure is as high as 55 MPa (8200 

psia) were measured. 

• Back lighted, high speed (11000 frames/sec) 

movies of the injection process were obtained. 

Coal-slurry mixtures can be made from a 

combination of various liquids, the most common 

liquid ingredients being oil, water, and methanol. 

Detailed descriptions for various types of coal 

slurries are as follows: 

1. Coal-Oil Mixtures (COM): a suspension of 

coal in fuel oil, also referred to as coal-oil 

dispersions (COD). 

2. Coal-Oil-Water (COW): a suspension of coal 

in fuel oil with less than 10 wt% water in 

which oil is the main ingredient. 

3. Coal-Water-Oil (CWO): a suspension of coal 

in fuel oil with more than 10 wt% water in 

which water is the main ingredient. 

4. Coal-Water Fuels (CWF), Coal-Water 

Mixtures (CWM), Coal-Water Slurries (CWS), 

or Coal-Water Slurry Fuels (CWSF): a 

suspension of coal in water. 

5. Coal-Methanol Fuel (CMF): a suspension of 

coal in methanol. 6. Coal-Methanol-Water 

(CMW): a suspension of coal in methanol and 

water. 

The CMF and CMW slurries possess favorable 

properties; however, the cost of methanol has all but 

eliminated them from further development. COM, 

once actively investigated, has now been shelved for 

economic reasons. CWF has been investigated for 

complete oil replacement in boilers and furnaces and 

internal combustion engines, but low oil prices in the 

past decades have reduced the economic advantage 

and somewhat cooled the interest. However, CWF 

developed from waste streams and tailings were 

being investigated for cofiring in boilers and 

furnaces. The comparative economics of coal-water 

slurry against the conventional fuel in the 21st 

century is undoubtedly far more favorable.34 

Furthermore, CWF provides a valuable mode of coal 

transportation through a long pipeline. Important 

slurry characteristics are stability, pumping, 

atomizability, and combustion characteristics. These 

properties control the hydrodynamics and rheology of 

the coal slurry system. Coal slurry must have low 

viscosity at pumping shear rates (10–200 sec1) and at 

atomization shear rates (5,000–30,000 sec1). This 

allows for low pumping power requirements and 

increased boiler and furnace efficiencies through 

smaller droplets sizes. There are several types of 

pumps that are developed for coal slurry 

pumping.[18] 

Typical coal slurry fuels have a particle size 

distribution (PSD) with 10–80% of the particles 

smaller than 74 µm (-200 mesh). Micronized CWF 

has a PSD with a mean particle diameter of less than 

15 µm and 98% of the particles are smaller than 44 

µm (-325 mesh). This type of slurry is typically 

produced by coal beneficiation systems in the 

removal of mineral matter, mainly pyrites (FeS2) and 

ash. Generally, COM combustion occurs in three 

stages: (1) heating of droplet, (2) combustion of 

volatile matter, and (3) combustion of char. For coal, 

char combustion rate is controlled (or limited) by the 

mass transfer rate of oxygen for particles larger than 

100 µm, whereas smaller ones are limited by the 

kinetic reaction rate. In other words, the rate-limiting 

step for char combustion reaction is the mass transfer 

rate of oxygen to coal-reactive sites for large coal 

particles, whereas that for smaller particles is the 

surface reaction rate. Carbon conversions in coal 

slurry combustion are comparable to those of fuel oil 

combustion[11].  

 
Figure  2.4: combustion process of coal-oil mixture 

Coal is non-renewable sources so it restricts the use 

of coal-in- diesel oil as a alternate fuel. Another 

option which can replace coal is wood charcoal. 

Wood charcoal has bit less calorific value as compare 

to the gasoline and diesel but low ash content wood 

can burned effectively. 

R. PATTON, P. STEELE, and F. YU from 

Mississippi State University, Mississippi, USA made 

a review coal vs. charcoal fuelled diesel engine. They 

suggest that modifications in injection system design 

are required to use the coal-oil slurry. Charcoal is the 

solid product of wood pyrolysis. Wood, particularly 

wood from temperate forests, has low ash content. 

Most biomass has a high ash content due to wind 

blown dust particles settling on the plant, but bark 

protects the wood and keeps it largely ash free. When 

comparing coal and wood, the nature of the 



                                  International Journal of Advanced Engineering Research and Studies       E-ISSN2249–8974 

IJAERS/Vol. I/ Issue III/April-June, 2012/143-147 

 

impurities is also important. Following table shows 

the comparison of coal and charcoal properties.[6] 

Table : 2.2  properties comparison  of  diff. fuels 

 
From the above study, concept of charcoal-diesel 

emulsion comes in mind. Charcoal made from the 

wood is renewable sources and it is cheap. These all 

lead our attention to focus on use of charcoal as a 

fuel. In microemulsion process, surfactant plays most 

important role to make stable slurry. So study of 

surfactant must require for making charcoal diesel 

slurry. The most accepted and scientifically sound 

classification of surfactants is based on their 

dissociation in water. 

Anionic Surfactants are dissociated in water in an 

amphiphilic anion, and a cation, which is in general 

an alkaline metal (Na+, K+) or a quaternary 

ammonium. They are the most commonly used 

surfactants. They include alkylbenzene sulfonates 

(detergents), (fatty acid) soaps, lauryl sulfate 

(foaming agent), di-alkyl sulfosuccinate (wetting 

agent), lignosulfonates (dispersants) etc. Anionic 

surfactants account for about 50 % of the world 

production.  

Nonionic Surfactants come as a close second with 

about 45% of the overall industrial production. They 

do not ionize in aqueous solution, because their 

hydrophilic group is of a nondissociable type, such as 

alcohol, phenol, ether, ester, or amide. A large 

proportion of these nonionic surfactants are made 

hydrophilic by the presence of a polyethylene glycol 

chain, obtained by the polycondensation of ethylene 

oxide. They are called polyethoxylated nonionics. 

In the past decade glucoside (sugar based) head 

groups, have been introduced in the market, because 

of their low toxicity. As far as the lipophilic group is 

concerned, it is often of the alkyl or alkylbenzene 

type, the former coming from fatty acids of natural 

origin. The polycondensation of propylene oxide 

produce a polyether which (in o position to 

polyethylene oxide) is slightly hydrophobic. This 

polyether chain is used as the lipophilic group in the 

so-called polyEOpolyPO block copolymers, which 

are most often included in a different class, e.g. 

polymeric surfactants, to be dealt with later.  

Cationic Surfactants are dissociated in water into an 

amphiphilic cation and an anion, most often of the 

halogen type. A very large proportion of this class 

corresponds to nitrogen compounds such as fatty 

amine salts and quaternary ammoniums, with one or 

several long chain of the alkyl type, often coming 

from natural fatty acids. These surfactants are in 

general more expensive than anionic, because of a the 

high pressure hydrogenation reaction to be carried 

out during their synthesis.[7] 

Roila Awang and Choo Yuen May have did a 

preliminary study on Charcoal-oil mixture as an 

alternative fuel [8]. They described that the charcoal-

oil slurry or dispersion was prepared by heating the 

oil to a temperature of 50 °C and adding to stabilizer 

to the oil in the desired quantity based on weight. The 

charcoal was then added to the oil-stabilizer 

composition and the resultant composition was 

stirred vigorously, usually within 30 min, to ensure 

uniform mixing. The stability of the 

colloid(emulsion)  can be promoted by the following 

techniques:  

• Finer grinding 

• Establishing a gel structure in the oil with a 

chemical additive or stabilizer 

• Using a peptizing agent 

• Selecting oil that gives a stable suspension 

without adding a stabilizer[9] 

Fawzi A. Al-Amrousi, Ahmed M. Al-Sabagh and 

Magda M. Osman from Cairo, Egypt, did research 

on Physicochemical characterization of emulsion fuel 

from fuel oil-water-charcoal and surfactants. This 

research deals with the formation of emulsion fuels 

and their evaluation as boiler fuels. The results of this 

evaluation show that the emulsion fuels are 

compatible with the corresponding fuel oil. The 

prepared emulsion fuels were fuel oil-water 

emulsions with calorific values of 33.9-42.3 MJ kg-’ 

and fuel oil-water-charcoal emulsions with calorific 

values of 30.6-37.8MJ kg-‘. These emulsion fuels 

have relatively low sulfur and wax contents, undergo 

the water gas shift reaction during combustion and 

make use of solid charcoal: The results also show that 

the presence of surfactants in the emulsion fuels acts 

as an inhibitor of the corrosion activity of the water 

and fuel oil. They concluded as follows: 

• The emulsion fuels prepared in this work are 

divided into two types: stable and unstable. The 

stability is a function of zeta potential, dynamic 

viscosity and density. At higher values, the 

emulsion fuels are considered as stable during 

storage and handling, whereas at lower values 

they are unstable due to separation of water 

and/or charcoal. 

• The emulsion fuels prepared show corrosion 

inhibition behavior against a steel sample taken 

from a fuel tank. 

• The physicochemical properties of the emulsion 

fuels show compatibility between some of these 

fuels and customary boiler fuels. 

At last Adopo N’kpomm, Adlpoh Bon , GQard 

Antomm, and Ohvler Fraqols from France did 

research work to utilize The deashed charcoal-oil-

water mixture: a liquid fuel for biomass energetical 

valorization. The process presented 1s a deashing-

slurry formation process based on selective  

agglomeration to prepare a ternary deashed charcoal-

oil-water mixture (DCOWM) Non-lomcethoxylated 

surfactants have been tested successfully for 

DCOWM preparation A DCOWM of 45% solid 

content and 27% content has been prepared with a 

Merantal tree charcoal deashed to 0 90 wt % ash 

content The charcoal, containing 29% volatile matter, 

was ground to 8 pm mean diameter The slurry 

obtained has 24 671 kJ kg-’ low caloric value and 0 

41 wt % residual ash content. 

He suggested that DCOWMs may be generally 

represented by C-A-E-T, where C (wt %) represents 

the charcoal concentration m the total mixture, A (wt 

%) 1s the agglomerant concentration m the total 

mixture, E IS the liquid concentration and T IS the 

amount of surfactant (weight per cent) m the total 

mixture For example the product 40-10-49 2-O 8 

corresponds to a mixture containing 40% of charcoal, 
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10% of domestic fuel 011, 49 2% of water and 0 8% 

of surfactant However, to simplify we will adopt the 

notation C-A, so the previous mixture will be 

represented by 40-10. A DCOWM is acceptable 

when its apparent maximal dynamic viscosity 1s 

2000 CP (2 Pa s) at a shear rate of 100 s-l. The study 

shows that DCOWM should be prepared with 

charcoal having around 30% of volatile matter .Non-

ionic surfactants with a linear chain of eight 

molecules of oxide of ethylene are more efficient m 

DCOWM production. Characteristics of three 

optimal deashed charcoal-oil-water mixtures they 

obtained were as shown: 

Table : 2.3 comparison of characteristics of three 

samples 

 
13-23 wt % of domestic 011 m the mixture is enough 

to obtain fuels with a calorific value of at least 21 000 

kJ kg-’ By comparing the optimal values of the 

different parameters we are able to obtain fluid 

DCOWM 45-27 containing 72% of combustible 

matter respecting pumping conditions and having a 

24 671 kJ kg
- 1

 low calorific value[10]. 

CONCLUSION 

Charcoal can be utilized in compression ignition 

engine by emulsification process. Some external 

energy like shaking or stirring may require to 

obtained homogeneous mixture. A non-ionic type 

surfactant may create more stable mixture as compare 

to other kind of emulsifier. Better viscosity can be 

achieved. 

REFERENCES 
1. Alain Maiboom,and  Xavier Tauzia,2010, “NOx and 

PM emissions reduction on an automotive HSDI Diesel 
engine with water-in-diesel emulsion and EGR: An 

experimental study”, France, Elsevier. 
2. Jamil Ghojel, Damon Honnery, Khaled Al-Khaleefi, 

“Performance, emissions and heat release 

characteristics of direct injection diesel engine 
operating on diesel oil emulsion”, Laboratory for 

Turbulence Research in Aerospace and Combustion, 

Department of Mechanical Engineering, Monash 
University,  Melbourne, Australia. 

3. “ COMMONWEALTH OF VERGINIA” , August 

1986, “Coal-in water : future fuel”  ,department of  
Mines, Mineral and Energy, Richmond,  Virginia. 

4. P.R. Badgley, “Novel Injector Techniques for Coal-

Fueled Diesel Engines”, U.S. Department of Energy 
Office of Fossil Energy Morgantown Energy 

Technology Center Morgantown, West Virginia 26507-

0880. 
5. J.A. Caton , K.D. Kihm, A.K. Seshadri,  and G. 

Zicterman, “Micronized-Coal-Water Slurry Sprays 

From a Diesel Engine Positive Displacement Fuel 
Injection System”. 

6. R. PATTON,P. STEELE, and F. YU, “Coal vs. 

Charcoal-fueled Diesel Engines: A Review”, 
Mississippi State University, Mississippi, USA. 

7. Jean-Louis SALAGER, “SURFACTANTS Types and 

Uses” 
8. Roila Awang, Choo Yuen May, March 2009,“Charcoal-

oil mixture as an alternative fuel: a preliminary study”  

American journals and applied science. 
9. Adopo N’kpomm , Adlpoh Bon, GQard Antomm , and 

Ohvler Fraqols, “The deashed charcoal-oil-water 

mixture: a liquid fuel for biomass energetical 
valorization”, France. 

10. Sunggyu lee, james G. Speight, Sudarshan K. Loyalka, 

“Handbook of an alternative fuel Technologies”. 


