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ABSTRACT 
The paper presents the research on biomass charcoal-Diesel oil mixture and its use as an alternative fuel for combustion in 

diesel engine. The employment of charcoal slurry fuel intends to reduce heavy fuel oil consumption and would reduce green 

house emissions into the atmosphere. In the investigation, wood chips were used for the production of charcoal that was 

successfully emulsified with Diesel oil. The paper investigates the formulation, emulsification, spray, and analysis of 

charcoal-diesel slurry. The results of the investigations in sprays of this fuel show the fuel, non-Newtonian fluid, is able to 

atomize well. It is demonstrated that the new emulsification process proposed in this paper is able to produce fuels from 

biomass charcoal and diesel, for vehicles operated on compression ignition system. The critical aspect of operation is the 

internal flow into the injector with the tendency to form deposits and wear in the injector. 
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INTRODUCTION  

Wood is a renewable energy sources. It can be re 

grown easily and within short period as compare to 

fossil fuels. Charcoal is made from wood by 

pyrolysis process. Charcoal has calorific value almost 

29000-30000 kJ/kg which is quite good compare to 

the calorific value of wood which is near to 15000 

kJ/kg. So use of wood charcoal by emulsifying 

technique is being valuable in bio fuel study. 

Charcoal-diesel slurry can be used in internal 

combustion engine as an alternative fuel which 

reduces the consumption of heavy diesel oil and good 

for environment condition. 

LITERATURE 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, 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.[1]  

Use of diesel oil emulsion in a diesel engine has 

shown in table 1 it to perform with similar or greater 

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. [1] They also suggest that 

Switching to DOE does not require any retrofitting or 

engine system modification as long as engine 

derating is acceptable. 

Table 1: Comparative properties of DOE(Diesel-

Oil Emulsion) and CDF(certified diesel fuel) 
Properties DOE CDF 

Density @ 15° C , kg/m3 875 840 

Viscosity @ 40° C, m2/s 3-7 × 10-6 2.2-5.3 × 10-6 

Flash Point °C  >79 67 

Sulphur, ppm <5000 462 

Cetane number Min 46 51.5 

Water , vol% 13 - 

Diesel fuel  vol% 84.8 100 

Surfactant, vol % 2 - 

Ash , mass% <0.01 <0.01 

LHV, MJ/kg 35.7 45.6 

By the study of above discussed literature, concept of 

using solid fuel emulsified with diesel oil emerge in 

mind. Coal contains carbon particles and its higher 

calorific value is good comparatively. Use of coal can 

be easy by gasification and liquefaction 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. 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 high ash content due to windblown 

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 

impurities is also important. Following table 2 shows 

the comparison of coal and charcoal properties.[2] 

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 micro-emulsion process, surfactant plays 
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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. 

Table -2 comparison of impurities in fuel 
Fuel  Ash %  Sulfur%  Nitrogen%  

“Engine Grade” Coal  0.8  1.01  2.08  

Hardwood(avg.)  0.3  0.02  0.1  

Softwood(avg)  0.3  0.02  0.1  

2D Diesel fuel  0.01  0.0015  -  

4D fuel  0.1  0.0015  -  

Anionic Surfactants are dissociated in water in an 

amphiphilic anion*, and a cation, which is in general 

an alcaline 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 oposition 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 anionics, because of a 

the high pressure hydrogenation reaction to be carried 

out during their synthesis.[3] 

R. Chen, M. Wilson, Y.K. Leong , P. Bryant, H. Yang, 

and D.K. Zhang had done research on Preparation 

and rheology of biochar, lignite char and coal slurry 

fuels. They concluded that Highly loaded char and 

coal slurries have been produced with a range of 

polar additives. The co-polymeric charged additives 

D101 and D102 are most effective in increasing the 

solid loading of the slurry. For the very low ash 

content lignite char slurries, these additives 

introduced strong interparticle repulsive forces as 

indicated by the high negative zeta potential and 

caused the slurries to display Newtonian and mild 

dilatant behaviour at high solids loading. Particle size 

distribution control and the reduction in the number 

concentration of colloidal particle interactions can 

greatly increase the solid loading of the slurries in 

addition to the control of the strength and nature of 

the interparticle forces via the adsorbed additives. 

The maximum solid loading of flowable suspension 

achieved with Oil Mallee char is only _42 wt.%, with 

subbituminous coal 56–64 wt.% and with lignite char 

_65 wt.%. For low rank coal such as lignite to 

achieve solid loading suitable as a slurry fuel, thermal 

and densification treatments are essential. Some of 

these slurries have achieved solid loading suitable as 

slurry fuel and with a much finer particle size 

distribution.[4] 

Roila Awang and Choo Yuen May have did a 

preliminary study on Charcoal-oil mixture as an 

alternative fuel [5]. 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 

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. [6] 

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 

Merantl 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 calonfic value and 0 
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41 wt % residual ash content. 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. 

[7] Characteristics of three optimal deashed charcoal-

oil-water mixtures they obtained were as shown in 

table 3. 

 

Table -3 
Sample no DCOWM  

solid 

content(%) 

DCOWM  

fuel oil 

content (%) 

DCOWM 

water 

content (%) 

DCOWM 

ash (%) 

DCOWM dust 

emission (g/MJ) 

DCOWM 

viscosity (cP) 

DCOWM 

calorific value 

(kJ/kg) 

1 45 25 30 0.41 0.172 1253 23834 

2 45 27 28 0.41 0.166 1778 24671 

3 45 30 25 0.41 0.158 2861 25926 

Table -4 

Surfactant Type 
Content % by Vol. 

Stability (hours) 
Viscosity (P) 

at 25 deg. C  Surfactant Charcoal Diesel Water 

Cetyl alcohol 1 10 87 2 5 hours stable, small bottom deposits 56 

Palm oil 1 10 87 2 
5 hours  stable, large bottom deposit 
afterwards 

124 

Polyoxy-ethylene 1 10 87 2 10 hours  stable 76.5 

Glyceride ethoxylate 1 10 87 2 20 hours stable 40.5 

Poly-ethylene Glycol 1 10 87 2 25 hours  stable 32.25 

VISCOSITY STUDY  

Using nonionic surfactant with single chain of 

ethylene, better stability of charcoal diesel mixture 

can be obtained. Glycerin ethoxylate and poly 

ethylene glycol were observed best suited for the 

preparation of charcoal-diesel mixture. Comparison 

of mixture using different surfactants is as shown in 

table 4. 

The results from the viscosity studies on the 

charcoal-diesel mixture fuel are presented  for single 

surfactant. Charcoal-diesel slurry has blackish colour 

as shown in figure 1. 

 
Figure-1  viscosity of slurry 

The viscosity studies revealed that the charcoal-diesel 

mixture  fuel is a non-Newtonian fluid. Figure-2 

shows the fuel containing   10% charcoal and 

produced with mixtures of surfactants, had a lower 

viscosity, 32.25 P at 60 rpm viscometer spindle’s 

speed and 25 deg. C, giving good sprays prospects. 

 
Figure -2   viscosity measurement of slurry at diff 

speed of viscometer. 

CONCLUSION 

Charcoal can be emulsified in diesel   and better 

stability can be obtained by selecting proper 

surfactants.  Polyethylene Glycol would be very 

effective considering viscosity of fuel. Viscosity can 

be obtained nearer to 30 cP which is almost nearer to 

diesel oil. Water is added in slurry to provide some 

time during injection and reduce combustion 

temperature which ultimately reduces the production 

of  Nox.   
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