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Summary

This survey deals with the feasibility of the combustion of asphalt instead of firewood. Or, to
put it more generally: the small-scale usage of asphalt as a fuel. On the seashores of the
numerous islands of Indonesia, especially on those of south and southeast Sulawesi,
mangrove forests are endangered by extensive logging, lately on an increasing scale by locals
for whom firewood is the sole resource of energy.

Urged by Yayasan-Sama, an Indonesian non-governmental organisation of South East
Sulawesi, the Dutch foundation Zephyr-Sama has prompted research on the feasibility to use
asphalt from deposits on the island of Buton as a domestic fuel. This research was thought to
possibly lead to the development of a porous plug stove, or to a stove in which carbonised
bamboo containers filled with asphalt are used as fuel elements.

This survey consists of a literature review and an overview of possible routes for controlled
combustion of asphalt. Attention has been paid to the environmental effects of the combustion
as well.

The literature mainly shows side effects of combustion of asphalt, which provide some
knowledge on the combustion process. No direct studies on the combustion of asphalt were
found.

To explore the bottlenecks of the combustion process, an asphalt candle was made, because
the taper seemed an ideal capillary active carrier for fluid asphalt. However, this experimental
candle did not burn, likely due to high viscosity at the base of the taper and clogging of
carboneous residue at the liquid/gas interface of the taper.

An increase of the porosity of asphalt gives a better chance for a propagating combustion. The
pores may increase the diffusion rate of volatile components, thus increasing the combustion
rate. However, if asphalt is heated it will melt and the fluid will block the pores.

Its melting at a relatively low temperature is a big handicap of asphalt. To overcome this
handicap, asphalt could be transported by capillary forces into the combustion zone and combust
at solid/liquid/gas interfaces – like is happening in a burning candle. It can be investigated
whether this condition could potentially be created in a porous plug stove, or in stove where
carbonised bamboo containers filled with asphalt are used as fuel elements. However, it
remains to be seen whether this would also solve the cracking problem of asphalt.

The main conclusion is that further research should be focused on two processes that control
the combustion of asphalt: transport of asphalt to the combustion zone (viscosity) and
cracking of the asphalt in combustion.
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1. Introduction

1.1. Logging of mangrove forests on Sulawesi

The coastal zones of South and South East Sulawesi are still dotted with flood forests that
serve as spawning grounds for many species of fish, shrimps and other forms of live. These
mangrove forests exist of trees that grow just above the water, making their roots a perfect
spawning ground for the fauna that lives in the water. The coastal inhabitants live in stressed
economic conditions and are often ravaged by poverty and misery. Their main problem area is
a lack of sustainable sources of income.

In addition, Sulawesi is very sensitive to earthquakes and floodings. On the shores locals use
the mangroves as a source of firewood for their daily needs and in due course much of the
original mangrove areas already have been depleted. This activity is facilitated by customs
that do consider tidal flooded forests as not being property-owned and a free source of
firewood. A great deal of the mangroves along the seashores of SouthEast Sulawesi has
already been disappeared and total destruction seems to be inevitable. The problem is widely
acknowledged and many attempts are made to stop the process.

The Dutch foundation Zephyr-Sama supports and represents the interests of the local
inhabitants trough support of their self-help organisations, including the umbrella organisation
of the sea-nomads called Yayasan Sama. The activities of the Zephyr-Sama foundation are
mainly focussed on the coastal zone of South and SouthEast Sulawesi. Yayasan Sama has
urged Zephyr-Sama to initiate research into ways to use locally quarried asphalt as an
alternative domestic fuel, to lessen the demand of firewood.

1.2. Asphalt as a fuel for small-scale usage

SouthEast Sulawesi contains several places where mineral asphalt can be quarried with
relative ease. Especially on the island of Buton, where asphalt is quarried on a large scale and
exported worldwide, as a material to pave roads and also to be converted into sealing
materials. The presence of these asphalt deposits did raise the question whether it could also
be used for small-scale heating. The industrial state of the art rejects mineral asphalt as a fuel,
being interested only in future large scale cracking of asphalt into mineral oil.

Asphalt is composed of branched and unbranched alkanes with chain lengths somewhere
between 16 and 20 or more carbon atoms. Direct combustion of asphalt gas is considered
useless, due to the very low vapour pressure of asphalt. Cracking of the molecules into shorter
chains enhances the volatility. The shorter chains are more volatile and can propagate the
combustion.

Another obstacle is the low melting trajectory (180-200 0C) of asphalt. Being impervious to
oxygen gas, liquid asphalt tends to suffocate oxidation processes by cutting off the supply of
oxygen gas. Therefore, research should be focussed at the conditions to generate and sustain a
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solid/liquid/gas interface in the combustion zone at a temperature where the cracking
propagates spontaneously.

The goal of this survey is to evaluate the scope of the research necessary to evaluate
bottlenecks in asphalt combustion processes.

1.3. Methods of literature research

The Library of the University of Groningen conducted the literature survey. The following
key words (and parts of these words) were used to obtain relevant literature from energy
databases at US-DOE/IEA-EDTE:

Asphalt
Bitumen
Combustion
Small (or bench) scale

Besides this survey, a regular survey in the PiCarta system of Dutch libraries was made.
Finally, considerable effort has been made to find relevant documents and patents on the
Internet. Universities and companies supply a lot of information on the properties of asphalt.
Also, roadway builders and asphalt plants can give more information on asphalt combustion
and properties.
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2. Properties and chemical structure of asphalt

2.1. Composition of crude oil

Although asphalt is freely available as a natural resource on SouthEast Sulawesi, it seems
useful to give a short overview on the composition of heavy oil. On the industrial level,
asphalt is won from the heavy fraction of oil, the bottom output of the refinery process of
crude oil.

The heavy oil condenses in the distillation tower, which operates at temperatures up to 540
0C. When all light fractions have disappeared from the tower, a layer of heavy oil resides.
Table 2.1 gives the average composition and properties of heavy oil [III].

Property Value

Sulphur, % (w/w) 0.96
Carbon, % (w/w) 87.11
Hydrogen, % (w/w) 10.23
Nitrogen, % (w/w) 0.26
API gravity 21.5
Viscosity, cST 38 0C 245-1000
Hexane solubility, % 4.72
Ashes, % 0.04

Metals, ppm

Vanadium 155
Nickel 20
Sodium 10
Iron 9

Table 2.1: Chemical properties and composition of heavy oil averaged over the whole world

An important physical property is viscosity, which ranges from 245 to 1000 cSt at 38 °C,
although such values are not rigidly established. The nitrogen and sulphur contents are two of
the most important chemical parameters to study the environmental effects of combustion.

If petroleum distillates are separated during refining, a more complex, higher molecular
weight, residual fraction known as asphaltic bitumen remains. Classification of samples into
various fractions by using precipitation by solvent treatment is a widely used method for
assessment of petroleum stock characteristics. The asphaltic bitumen components of
petroleum are traditionally separated using n-heptane into:
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a. soluble maltene portion, containing high molecular weight waxes (C30–C90), washed
out of precipitated asphaltene with hot n-heptane.
b. precipitated asphaltene (sometimes called hard asphalt), wax-free material. This
fraction normally represents 19 % of the initial oil mass.

The structure and proportion of asphaltenes may vary with the source of crude oil. The
asphaltene fraction separated by heptane is characterised by a large molecular weight,
somewhere between 1 and  16 × 103 g/mole.

2.2. Molecular structure of asphaltene emulsions

One of the most striking properties of petroleum bitumens is their colloid nature. Asphaltenes
are stabilised in the oil by molecules called maltenes. The maltenes are "attached" to the
asphaltenes through various bonding mechanisms. The aromatic asphaltenes are peptised by
the maltenes, giving rise to colloid systems. The interactions are maintained by strong
hydrogen bonds between the different components. Polar compounds like phenols, carbon
acids, esters, ketones and alkalic nitrogen atoms [VI] are known to enforce such bonds.

Figure 2.1.  Flocculation/Aggregation of Venezuelan Crude Asphaltene Molecules

Figure 2.2. Various shapes of asphaltene micelles formed in the presence of large amounts of
polar or aromatic solvents. Courtesy of Prof. J. Murgich1

                                                                
1 http://tigger.uic.edu/~mansoori/Asphaltene.Molecule_html
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A representation of the structure of asphaltene micelles in suspension is given by Yen [12].
He states that the molecular weight of the micelle is equal to 1 to 5 × 103 g/mole and its
formula is (C79H92N2S2O3)2. He suggests a structure as represented in figure 2.3.

Figure 2.3. Schematic representation of an asphaltene micelle

The structure is build from several rings that are linked with sulphite, ether, aliphatic chain
and/or naphtene ring bondings. The total complex is about 8-16 Å wide and 16-20 Å high.

The stability of an emulsion is an important parameter [10]. It depends on factors like the age
of the emulsion, active components (surfactants), temperature, et cetera. The major ways to
change the structure are:

1. Accumulation of droplets on a certain side of the system, not changing droplet size
and size distribution. This is often the effect of external forces, like centrifugation.
2. Flocculation, the aggregation of droplets in a (total) system as a result of the
attraction forces between droplets.
3. The enlargement of the average droplet size as a result of the slight solubility of
both fluids.
4. Inversion of the emulsion.

2.3. Combustion of heavy fuels and emulsions

Heavy fuels consist of mixtures of hydrocarbons with widely different boiling points.

When a heavy fuel is subjected to low temperatures in a combustion atmosphere, selective
distillation occurs. Lighter fractions evaporate forming bubbles, which cause the swelling and
probable destruction of the droplet, as well as a change the chemical composition of the fuel.
This is called disruptive evaporation [8].
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Figure 2.4. Relation temperature – number of carbon-atoms for melting point (�), boiling
point (x) and flash point (�). BIA-Report 5/992

A further increase of the fuel temperature to values close to the boiling point may result in
thermal decomposition (pyrolysis), leading to the formation of coke-like residues. Four major
inconveniences arise when firing heavy fuels [7]:

1. Need for heated storage, transportation and additional heating before atomisation,
due to high viscosity
2. Tendency to form coke particles
3. Emission of SOX and NOX

4. Formation of corrosive deposits

The high molecular weight and the asphaltene nature of some constituents cause the first two.
The last two result from the presence of sulphur, nitrogen, vanadium and other metals.

In the case of emulsions, the physical effects of water addition lead to better atomisation [5].
Micro-explosions are produced as the result of the formation, growth and bursting of vapour
bubbles within the superheated droplet. Since the oil can sustain very high temperatures
during combustion, the water droplets can be superheated.

From both theoretical and practical studies the following stages of heavy fuel combustion in
hot air have been distinguished [VI]:

1. Volatile release
After injection, fractional distillation occurs if the fuel droplets are heated in hot air or
an oxidative atmosphere. Released gases cause the ejection of tiny droplets away from
the droplet surface, although sometimes boiling may become violent enough to cause
the total disruption of the original droplet. Evaporation of the low boiling point
components continues with swelling until the onset of ignition.

                                                                
2 http://www.hvbg.de/d/bia/pub/rep/rep01/bia0599.htm
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2. Ignition
Ignition occurs when the mixture reaches its flammability limits. The onset of
combustion causes slight thermal decomposition. The heat released produces further
fuel evaporation from the fuel droplet. Large paraffins and asphaltenes are broken
down from the residue, leaving even larger ones behind, resulting in an increased
viscosity of the residue.
3. Coke formation
The evaporation of the volatile matter ends abruptly and the droplet collapses. A rigid
carbon residue, also known as cenosphere, remains. The final amount of oil mass
remaining in the solid residue represents between 0.5 and 10 % of the original drop
mass.
4. Coke structure and burnout
Coke particles thus formed are spherical and hollow. The carbonaceous residue then
undergoes slow heterogeneous combustion at a rate of 10 % of that of the initial
droplet. Both processes represent about half of the total combustion time.

In larger particles (at high temperatures), the diffusion of the oxidants is rate limiting, and for
small particles (at low temperatures), the surface reactions are limiting (see Figure 2.5).

Carbon monoxide, soot and coke particles are produced during incomplete combustion. Soot,
also called flame soot, is comprised of particles less than 1 µm. Coke particles form during
incomplete combustion of heavier oils, after the lighter fractions in an oil droplet have
evaporated and burned. A carbon sphere - cenosphere - remains which acts as a carrier for
inorganic materials such as vanadium, sodium and sulphur compounds, which form deposits
and cause fouling.

Figure 2.5. Oil drop size versus combustion time (Bycosin)3

                                                                
3  http://www.bycosin.se/combustion.htm
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3. Combustion of candle-grease

3.1. Analogy with candle-grease
This chapter gives a short introduction and summary of aspects that play a role in combustion
processes in general. The combustion of candle-grease (mainly consisting of stearine)
illustrates these aspects and its process description serves as a good first approximation for the
description of the combustion of asphalt.

Like asphalt, candle-grease is a solid at room temperature. It melts at 150 0C, which is similar
to asphalt (180-200 0C). The stearine is broken down at the solid/liquid/gas interface of the
taper to lighter fractions, which will propagate the combustion. The candle-grease will not
burn by just simply holding it in a flame. It needs a porous carrier (the taper), in which the
fluid grease is transported as a thin film. This condition should be the same for asphalt.

3.2. Fundamental aspects of combustion
Combustion is a widespread phenomenon in nature, and it is mainly due to man's ability to
use it to his advantage that human activity has developed. The description of combustion and
fire takes into account different physical and chemical processes.

The fundamental phenomena are based primarily on chemical reactions. In any combustion
process, there is rarely simply one chemical reaction involved. There are numerous reactions,
all occurring simultaneously. Various types of combustion reactions exist, mainly depending
on the reactants involved. The first aspect of "fire" is therefore a chemical one, and from now
on this will be referred to more specifically as the actual "combustion".

The second aspect is that of heat transfer. The chemical reactions mentioned above raise the
temperature of the medium, and are themselves highly sensitive to temperature. Heat transfer
will occur whenever there is a difference in temperature from one point in a medium to
another. In a flame produced by combustion processes, heat is transferred by conduction,
sometimes by radiation, and often by convection resulting from the vortex motion known as
turbulence.

Besides heat transfer, mass transfer plays a significant role during the combustion. A flame
usually burns in a gaseous environment, which is a suitable place for mass transfer to occur.
This transfer can take place either by diffusion or by convection (free and forced). The driving
forces behind these phenomena are the supply of fuel and density differences, resulting from
the heating of gas.

The combustion process is a combined action of the above mentioned aspects. The accents
within the process depend mainly on the composition of chemicals, and the build-up of the
process. For combustion, initiation and continuation are crucial.

3.3. Description of the combustion inside a candle flame
To investigate the aspects mentioned above, and for making the combustion of asphalt more
clear and understandable, the combustion of candle-grease will be described in more detail.
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Figure 3.1 shows all processes that play a role in maintaining the existence of the candle
flame.

Figure 3.1. Processes playing a role in the flame during the combustion of candle grease.

The flame is located just above the taper, in a medium that is clearly gaseous. The candle is
made of a solid material, the top of which melts to produce a pool of liquid at the base of the
flame. The liquid in turn soaks into the taper.

The three major aspects of the combustion process, and its propagation, in and around the
flame will be discussed below.

3.3.1. Chemical reactions
It is the chemistry of the system that governs the combustion processes occurring in the heart
of the flame. The system can be described as being a set of chemical reactions, whose
principal reactants are oxygen from the air and fog evaporating from the taper. The candle is
made up mainly of stearine, a product made up from hydrocarbons and hydrocarbon
compounds. Although solid at room temperature, stearine liquefies when heated gently at
about 150°C and breaks down at the surface of the taper into a fog of colloidal liquid stearine
particles which subsequently decompose and crack into lighter species by processes which are
associated with temperatures ranging between 400 and 600 0C.

The chemical reactions that occur involve not only oxygen and hydrocarbons, but also the
resulting atoms and radicals: O•, OH•, CH3•, HCHO•, et cetera. The presence of these
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radicals can be confirmed by making precise measurements inside the flame, as well as
simply by observing the slightly blue colour at the base of the flame, produced by the
emission of visible light by the CH-radical. The various chemical reactions form CO2 and
water vapour, and increase the temperature of the medium. Table 3.1 gives the gas
composition in and near the flame.

Table 3.1 Gas composition inside and outside of the flame  (H.J. de Gruijter and A.J.G. van
Rossum)4

CO2 (%) O2 (%) N2 (%) Cn Hm (%) CO (%)
Above the top:
-at a distance of 10 cm 0,7-1,6 17-18,3 80,4-81,4
-at a distance of 5 cm 3,4 15,2 81,4
-at a distance of 1-2 cm 7,8 10,2 82
Inside the flame:
- dark zone 9,2-9,6 0,6-0,7 73,5-74,5 11,1-11,3 4,8-5,0
blue zone, at the bottom of the
taper

10,4 1,4 79 5,8 3,4

Mantle of the flame 7-12 1-8 0-1,4

3.3.2. Heat transfer
The heat transfer in the flame is visible from the yellow colour of the flame itself. This
radiation is not only responsible for the candle’s primary function, giving light, but also
essential for obtaining a temperature that is high enough to melt the grease. The high
temperature evaporates the lighter fractions to supply a continuous stream of fuel.

3.3.3. Diffusion
The propagation of the combustion process also depends on the output of hot gas en burnt
products (mainly nitrogen, carbon dioxide and water vapour). Where the gas is heated, its
density drops causing lift and drawing in ambient air and fuel fog from the taper. Diffusion
generates sufficient capacity for the atoms and radicals to interact in the flame.

3.3.4. Secondary aspects
Apart from these primary aspects, there are secondary ones that play a less obvious role:

a. Phase transitions of the candle grease from solid to liquid and liquid to solid.
b. Nucleation of reactive particles, followed by coagulation. These particles play an
important role in the formation of smoke inside a flame.
c. Heat conduction in the porous taper.
d. Capillary transport inside the taper keeping its structure wetted.

                                                                
4 http://home.svm.nl/natwet/nvox/nvox2001/kaars.doc
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This summary is meant to supply more insight in the kind and amount of processes taking
place while burning a candle. It is anticipated that the same processes and mechanisms will
describe the set of combustion processes of asphalt. The actual processes of melting of the
fuel and its capillary transport by a porous medium requires specific research.

3.4. An asphalt candle
The combustion of asphalt can be studied on a laboratory scale by creating an asphalt candle,
using candle tapers. A potential problem is that the viscosity of the molten asphalt can remain
too high, keeping the capillary transport into the taper of the candle insufficient.

Near the city of Groningen, asphalt can be obtained at asphalt centres in Friesland and
Groningen [a and c]. The centres have little or no knowledge of combustion under non-
extreme circumstances. Their research is focused on emulsifying asphalt, and on potential
toxic emissions in its production and use.
For asphalt, there are many different specifications, which include porosity en particle size
distribution. The specifications of the asphalt used were not presented. Also, at this stage, no
attempt was made to use asphalt from SouthEast Sulawesi itself.

An attempt was made to melt an asphalt candle in a wax light cup (as e.g. used in tea-
warmers), using its small taper as porous carrier. Regular asphalt was obtained from Smith
and Hollander [c], and the candle was successfully made. The taper was dipped in molten
asphalt to make sure it was already filled with fuel before lighting the candle. When lighting
the candle, the combustion did not propagate. This failure can be caused by several conditions
at the asphalt/gas interface but also inside the taper:

1. The lighting does not produce sufficient heat to initiate the required cracking
process; referring to the well known fact that asphalt cracks at higher temperatures
than candle-greases do.

2. The lighting does produce sufficient heat to initiate a proper cracking process, but:
• the viscosity of the asphalt at the base of the taper remains too high to

sustain the capillary wetting of the whole structure of the taper,
• the asphalt/gas interface becomes clogged by carbon cenospheres,

reducing the cracking process,

By comparing relevant properties of asphalt to candle-grease, one can try to rank these
restrictions, viz. by comparing:

1. temperatures where cracking occurs at the liquid/gas surface,
2. temperature dependency of viscosities of liquid components,
3. temperature dependency surface tension of the solid/liquid, solid/gas and the
liquid/gas interfaces,

Further experiments on creating an asphalt candle should be focused on the chemical
composition of asphalt. The differences between asphalt and candle-grease can be bridged by
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using asphalts in which small chain lengths dominate or asphalts dissolved into various sorts
of candle-grease to enable the study of small modifications on the candle processes.

Conventional tapers are commonly impregnated with borates and phosphates, viz. just to
retard premature combustion of the taper itself. However, in this way the capillary and
catalytic activity of tapers can also be modified to study specific effects of the taper. By
impregnating the taper with well defined surface active agents or with well known oxydic
catalysts one can analyse in more detail the capillary transport inside the wetted part of the
taper and also the colloidal dispersion of fuel into an aerosol at the combustion zone of the
taper.

In the U.S.A. metal core tapers have been developed to stabilise the taper structure and for
longer burning5. Zinc and tin core tapers seem to be popular. For experimental purposes one
can insert a 25-50 micron Pt/Pt-Rh thermocouple in the core and measure the taper
temperature.

                                                                
5 http://shop.store.yahoo.com/craft-store/wicks.html
http://www.earlyamericancandlesupplies.com/wicks2.asp
http://www.candlemakers.co.uk/cmproduct/cmsframe.html
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4. Possible routes for the combustion of asphalt

4.1. Emulsifying of asphalt
The rigid structure of asphaltene particles makes the combustion difficult to initiate (see section
2.2). During combustion in boilers, often particles remain which inhibit the combustion process.
Three aspects that play a role during this process are [I]:

1. The fact that asphaltenes are the longest fraction in petroleum and thus have the largest
molecular weight.

2. Asphaltenes do not have a clear melting point and tend to remain in a solid form, forming a
residue during combustion.

3. Asphaltenes agglomerate to book like structures.

The combustion in boilers is illustrated by figure 4.1. A combustion droplet swells due to
vaporisation and combustion, followed by a collapse to form an asphaltene residue.

Figure 4.1. : Development of a combustion droplet

Asphaltenes can only take part in combustion if there is a phase transition from solid to gas.
This is a relatively slow process and the sublimated components need to diffuse trough the
pores of the particle to its surface. The combustion of a solid is proportional to the square of it
diameter [I], resulting in a negative effect of the agglomeration on combustion.

The unburned asphaltenes contribute to a reduced heat transfer in the boilers. The particles also
carry non-combusted compounds that induce high and low temperature corrosion.

Aderco [I] uses surfactants that break down the agglomerated book structure, while maintaining
its chemical structure. Figure 4.2 gives a schematic representation of the process.
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Figure 4.2.  The effect of surfactants (right) on asphaltene particles

The increase of efficiency is claimed to be 30 %. The procedure is analogous to the
combustion of wood. When pulverised to smaller pieces, the combustion time will reduce
significantly.

Figure 4.3.  The effect of surfactants on asphaltene during combustion

Possibly, asphalt will burn after pulverising and the addition of surfactants. The combustion time
reduces at smaller particle diameters (t~D2).

Asphalt emulsions are divided into anionic, cationic and non-ionic [II]. JGC Corporation [A]
claims to have developed a method for converting boiler residues of atmospheric or vacuum
distillations into a fuel. Water is added to the asphalt, and the mixture is ground to particles of 1
to 10 ìm. A mix of surfactants is added, to form a 70/30% asphalt water emulsion. The fuel has a
potential energy of 6600 kcal/kg, and is stable during 6 months. The process is claimed to be 10
% more efficient than conventional emulsions of asphalt in kerosene.

4.2. Catalysis of combustion
A possible route for catalysis is the usage of ceramic elements. At the surface of these elements,
the combustion rate can be increased with high temperature solid substance catalysis [e].
Examples are the porous 'spiny' ceramic walls in a vertical gas oven. The combustion is
enhanced by the formation of tiny whirls around the spines, with higher temperatures at the top-
end of the spines.

Changes in particle size distribution of asphalt also effect the rate of combustion. Molybdenum
(Mo) has been screened as a possible candidate for this type of catalysis [VII]. The
hydrothermolysis of a 3% asphalt solution in n-hexane is monitored during 0.5 to 2 hours at a
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temperature of 380-420 0C, using 0.1 % Mo. The reaction rate did not show any relevant
increase. The method did seem useful for monitoring and mapping the reaction steps.

4.3. Other routes to prepare asphalt for combustion

The following section will review some remaining possible routes to prepare asphalt for the
combustion process. These routes can be used as starting point for further research.

4.3.1. Impregnation of asphalt
The impregnation of asphalt could be accomplished by mixing pieces of asphalt with wood
and/or leaves. Composites can be formed in a closed surrounding. The same procedure is used
during the formation of cokes.

Solid residues have been formed using bacteria [iv], which convert inorganic material. A porous
fuel remains, enhancing the diffusion of the long bitumen chains.

4.3.2. Gasification of asphalt
The direct gasification of asphalt in a high temperature enclosure to produce volatile
hydrocarbons seems to be an uncontrollable and costly process. Both cracking and vaporisation
into lighter components need to be controlled simultaneously. High temperatures are required,
and the melting of asphalt is a destabilising factor. No clues on this process were found in the
literature.

4.3.3. Use of a fluidising medium for fluidised bed combustion
The universities of Istanbul and Newcastle conducted research on the combustion of Turkish
asphaltenes in fluidised beds [3]. SouthEast Turkey contains a variety of asphaltene substances,
to a total amount of 50 million tons. The combustion takes place at 600 0C, with propane as the
fluidising medium. The main effort was to determine the emissions of SOx and NOx compounds.
Adding limestone, resulting in a more porous fuel, can reduce these emissions. The procedure, at
first glance, does not seem to be feasible for the combustion for small-scale usage.
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5. Effects of combustion of asphalt on the environment

5.1. Chemical properties concerning pollution
The chemical properties of asphalt determine the amount of polluting emissions, corrosion
and toxic carbon residue during and after combustion. A more detailed overview of the
different substances that can be polluting and/or annoying will be given below.

1. Ashes and metals
Ashes are formed by mineral inorganic compounds within the asphaltenes. The amount of ash
residue increases with the amount of asphaltenes. Residues of heavy fuels contain about 0.01
to 0.1 % of ashes [VI]. Ash compounds can contain elementary metals and earth alkali metals
(Al, Fe, Ni, V, Ca, etc.), usually as oxides and sulphates. Furthermore, they contain non-metal
compounds like silicon oxides and alkalines (Na) in the form of sulphur and vanadium
compounds. All have a profound effect on corrosion. Ash particles have an erosive effect on
e.g. metal walls.

2. Sulphur content
It is clear that sulphur compounds have toxic effects through the formation of sulphur oxides
(SOx). The amount of sulphur (S) in heavy fuels can be above 3% (w/w). Sulphur oxidises in
flames to SO2, which can be further oxidised to SO3. The latter can give rise to acid corrosion
in metal environments. At temperatures below 120 0C, SO3 reacts with H2O to H2SO4, which
damages the metal.

3. Nitrogen content
Nitrogen is mostly found in fractions with higher boiling points, resulting in a varying
nitrogen content in fuels. Table 5.1 shows typical values for some fuels.

Fuel type Average w%
Heavy oil 0.65
Asphaltenes 2.30
Heavy distillates (C 4, 5, 6) 1.40
Light distillates (C 1, 2, 3) 0.07

Table 5.1. Nitrogen content of some fuels

The table shows that asphaltenes have a relatively high nitrogen content. As with sulphur, the
amount of nitrogen increases with the amount of asphaltenes. The formation of NOX is
worldwide regarded as a major environmental problem and all formation is carefully
regulated.

5.2. Composition of gasification smoke from asphalt
The ‘Asphalt Institute’ [VIII] has conducted research on the composition of smoke released
during the evaporation of asphalt, with the purpose to determine if street asphalt contains
carcinogenic substances.
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NIOSH Laboratory AX Field Tank AX
@316°
C

Paving,
@150°C

Paving
@150°C

Hydrocarbons , %
Alkyl Benzene 2.00 7.7 26.0
Indene 2.11 ND 1.3
Alkyl Indenes ND 1.10 ND
Indane ND 0.19 1.30
Alkyl Indanes ND 3.37 16.6
biphenyl ND ND 0.74
Alkyl biphenyl ND ND 3.26
Naphthalene 0.12 0.38 3.0
Alkyl Naphthalenes 7.88 16.1 40.77
Fluorine 0.81 1.14 ND
Alkyl Fluorines 9.07 10.64 0.50
Anthracene 0.98 3.74 0.32
Alkyl Anthracenes 9.30 19.57 1.43
Pyrene/Fluoranthene ND 5.51 ND
Chrysene ND 1.19 ND
Alkyl Chrosenes 0.71 0.24 ND
Sulphur Compounds, %
Benzothiophene 2.96 0.04 0.29
Alkyl Benzothiophene 23.36 19.4 3.79
Dibenzothiophene 1.05 1.75 ND
Alkyl Dibenzothiophene 33.43 7.85 ND
Naphtho Benzothiophene 3.31 ND ND
Alkyl
Naphthobenzothiophene

2.56 ND ND

Oxygen Compounds, %
Methyl Heptyl Ketone 0.50 ND ND
Methyl Octyl Ketone 0.25 ND ND
Phenol 0.30 ND ND
Methyl Fluorenone ND ND 0.60
Total 102 105 104

*Percent of total sample analysed (DMSO fraction only) ND = not detected

Table 5.2.  Composition of combustion smoke of asphalt

The gasification of asphalt was achieved by melting asphalt and catching the released smoke
(figure 5.1). The smoke has been analysed with high-resolution gas chromatography. The
research was initiated by the ‘National Institute of Occupational Safety and Health’ (NIOSH,
United States of America)
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Figure 5.1. Smoke analysis in horizontal tanks by the ‘Asphalt Institute’

The researchers base their conclusions mainly on the results of the NIOSH. The high
percentage of sulphur compounds (60 to 65 %) seems striking. These are regarded as
carcinogenic by the NIOSH and are the main reason for further research.

It should be mentioned that the percentage of sulphur based on mass percentage, looking at
the molecular formula (C79H92N2S2O3)2 of Yen [12] is only 5 % and for nitrogen 2.4 %.

For -total- combustion the following reaction equation applies:

(C79H92N2S2O3)2 + 209 O2 à 158 CO2 + 4 SO2 + 4 NO2 + 92 H2O

Thus, in total combustion, only 1.5 % mole percentage of SO2 and NO2 is formed. These
differences can not be explained from the available data.
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6. Discussion and conclusion

In general, this survey is a starting point and contains suggestions for further research on the
combustion of asphalt for small scale -domestic- usage. There has never been any specific
research on this topic before. The relevant literature mostly consists of combustion processes as
side effect, namely heavy oil combustion. There is, however, a substantial amount of knowledge
that can increase the insights in the process. The suggested routes are ideas that need to be
investigated with laboratory experiments.

The analogy with candle-grease seems a powerful tool for further investigation. It is important to
determine the specific chemical and physical properties of asphalt appearing on South East
Sulawesi. There is a wide variation in the properties of natural and industrial asphalt. Pulverising
the solid asphalt also increases the rate of combustion.

An increase of the porosity of asphalt gives a better chance for a propagating combustion. The
pores may increase the diffusion rate of volatile components, thus increasing the combustion
rate. However, if asphalt is heated it will melt and the fluid will block the pores.

Its melting at a relatively low temperature is a big handicap of asphalt. To overcome this
handicap, asphalt could be transported by capillary forces into the combustion zone and combust
at solid/liquid/gas interfaces – like is happening in a burning candle. It can be investigated
whether this condition could potentially be created in a porous plug stove, or in stove where
carbonised bamboo containers filled with asphalt are used as fuel elements. However, it
remains to be seen whether this would also solve the cracking problem of asphalt.

Finally, the N and S compounds formed at combustion should be assessed for safety and
environmental reasons.

The main conclusion is that further research should be focused on two processes that control
the combustion of asphalt: transport of asphalt to the combustion zone (viscosity) and
cracking of the asphalt in combustion.
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