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Review of coal dust explosibility research

By B JENSEN', Member and A D $ GILLIES?, Member

ABSTRACT

The paper presents a review of research in the area of explosible coal dust
with respect to safety in the underground mining environment. Research
over the last several decades has concentrated on generating dust clouds
in small scale laboratory explosion chambers to study flammability limits
and the physical and chemical variables which affect explosion
propensity. The validity of this approach is discussed and the results
obtained for a range of coal types compared.

INTRODUCTION

A practical understanding of the explosion hazards associated
with dispersed coal dust and methane in terms of ignition
dynamics, propagation characteristics and prevention is a
prerequisite to establishing safe operating conditions in
underground coal mines. Coal is a highly variable organic
derivative and the theoretical predictions of dust explosibility
based on thermodynamic or kinetic considerations by, for
example, Nomura and Tanaka {1980) and Hertzberg, Cashdollar
and Zlochower (1986) have been found to be difficult 1o apply
practically (Torrent, Armada and Pedreira, 1988). Furthermore,
mining techniques vary and add to the uncertainty in establishing
safe conditions. Consequently, a practical approach to assessing
mine safety has been to monitor what are deemed meaningful
parameters during dust explosions under controlled conditions,
thereby establishing a matrix of explosibility results over a range
of several physical and chemical variables. Several designs of
small laboratory explosion chambers and scaled experimental
ducts have been developed for this purpose. By adopting this
approach, a level of cxpertise has been gained which can
recognise potentially dangerous combinations of conditions in
situ and predict the level of stone dust addition required to
inertise a specific coal type.

Research papers may be grouped into three distinet categories,
namely, those relating to small scale laboratory testing, to
explosion galleries designed as scale models of mines and to full
scale experimental mines, Theorctical investigations have also
been wundertaken to determine the eoffects of size and
configuration of explosion chambers on experimental data to
establish the minimum acceptable volume of a test chamber
(Siwek, 1980; Pickles, 1982; Pu er al, 1988; Bartknecht, 1989)
and 1o relate test data obtained in a particular size and shape of
chamber to those obtained in apparatus of different types and
scale (Nomura and Tanaka, 1980). Resecarch undertaken in
secveral world cenwres has determined lean and rich limit
concentrations, the effect of adding inertising dusts, flame
velocity and propagation dynamics, static and dynamic pressures,
ignition temperatures and encrgics for various coal types and the
behaviour of hybrid mixtures. Given the scope and complexity
of the subject of coal dust explosibility, it is with intent that the
following review is restricted to literature concemed, either
directly or indirectly, with investigations of {lammability limits
and ignition energics of coal dust and coal dust/methane hybrid
explosible mixtures,
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Coal dust explosibility rescarch is  subject to many
complicating factors and test data have at times been misleading
or contradictory. There is, on occasion, wide disagreement
between some anthors.  Mixtures of coal dust and air are
inherently difficult to control and ecven wiith the same apparatus
and experimental methods there may not be reproducibility from
one test to the next. Furthermore, carly research used explosion
chambers which seriously underestimated dust explosibility and
are therefore considered inadequate by modemn standards,
Problems related to small size, non-uniform dust dispersion,
difficulty in measuring dispersed dust concentrations,
inadequacies of the ignition source and lack of agreement with
large scale minc gallery tests have resulted in the more recent
development of larger and more sophisticated  explosion
chambers.

The Hartmann vessel developed at the United States Burcau of
Mines in the 1930s (Hartmann, Nagy and Brown, 1943
Hartrann and Nagy, 1944; Hartmann, Nagy and Jacobsen, 1951)
has a capacity of 1.2 litres. Chambers of this size have a large
surface area to volume ratio and are subject to significant heat
josses at the walls {Siwek, 1980). As a consequence, small
volume chambers considerably underesiimate explosion
propensity (Woskoboenko, 1988). Twenty litre chambers of the
the type developed more recently by the Burcau of Mines
(Cashdollar and Hertzberg, 1985) are now routinely used as this
is considered to be the minimum volume which dees not
seriously restrict the mechanism of explosion propagation
(Siwek, 1980). There appears 10 be no significant bias in results
obtained in these chambers at ignition cnergies in the
intermediate range, up to approximately 1000 J.  Above this
energy level there is an observable overdriving effect on the
propagation as the test volume is preheated and prepressurised by
the ignitor (Hertzberg, Cashdollar and Zlochower, 1986).

There is some evidence 1o indicate that even with the larger
chambers, the pneumatic methed of dust dispersion and use of
high energy ignitors cause turbulence which enhances heat and
mass fransport at the flame front (Pu er al, 1988; Bartknecht,
1989). This effect interferes with the combustion process and
results in incomplete combustion. In this regard, Pickles (1982)
proposed a theorctical model to cxplain the experimental
observation that propagating explosions are more difficult to
mitiate in small laboratory scaled ducts than in full scale mine
galleries, It was concluded that turbulent mixing at the flame
front in the small ducts is too rapid in relation to the time needed
for combustion of individual coal particles. As a result, the rate
of flame propagation is constrained and explosion development is
inhibited. Similar findings bascd on practical experimentation
were reported by Pu et & (1988). They concluded that laminar
flame propagation in smail explosion chambers using pneumatic
dust dispersion oceurs at velocities which are between 10 to 100
times lower than the turbulent velocily and therelore proceeds
close to conditions in which trbulent quenching by rapid mixing
takes place, Therefore mixing of both energy and mass is a
dominant controliing mechanism of combustion in small scale
chambers, The high intensity and small scale turbulence is
associated with confincment and docs not occur to the same
extent in large scale explosions. Thus cxplosion characteristics
data obtained in a 950 ltre chamber were shown to be more
reliable than results from 26 litre and six litre vessels. Pickles
{1982) suggested a cut-off diameter, cstimated 10 be in the region
of 0.5 m, below which it is markedly more difficult for a
sustained propagalion io occur in an expenmenial duct
Nevertheless, reasonably good agreement to mine gallery results
has been achieved with the scaled ducts and laboratory chambers,
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Factors affecting explosibility

The explosion potential of coal dust depends on a number of
factors that include volatile content, ash content, moisture content
and the energy and duration of the explosion initiator. The
effective surface area, as determined by particle size, porosity and
internal surface area is also an important variable, particularly for
lower rank coal dusts (Woskoboenko, 1988). For the black coals,
volatile content has been found to be the most significant factor
in determining explosibility (Torrent, Armada and Pedreira, 1988,
Hertzberg, Cashdollar and Ziochower, 1988; Jensen and Gillies,
1990). In the lower rank brown coals, particularly for smailer
size fractions, moisture was shown to be the dominant factor,
mainly by reducing the effective solid/air interfacial surface area
of particles (Woskoboenko, 1988). The presence of methane
further increases the explosibility of coal dust and this effect is
more pronounced for dusts of low volatile content (Foniok, 1985;
Tominaga ef af, 1987). Research has established that methane
and coal dust can act synergistically to form hybrid explosible
mixtures (Foniok, 1985; Cashdollar e al, 1986; Jensen, 199G). In
the hybrid mixture, the presence of each component effectively
reduces the fean limit concentration of the other, so while each is
present in concentrations which are considered safe, the mixture
can be dangerous (Singhal, Stewart and Bacharach, 1987). The
accepied value for the lean limit concentration of methane in air
at room tlemperature is 5.0 per cent by volume. Various
researchers have postulated that Pittsburg Seam coal, which is a
Bureau of Mines standard research sample, or coals of similar
rank and volatility, may explode with a lean limit concentration
across the range from 5 to 310 g/m3 (Hertzberg, Cashdollar and
Opferman, 1979). More recent comprehensive testing by the
Bureau of Mines identifies 90 g/m3 as the lean limit for Pittsburg
coat (Hertzberg, Cashdollar and Zlochower, 1986) and agreement
appears to have been reached that an airborne concentration of 55
g/m3 may be considered safe for this and similar bituminous
coals (Hartmann, Jacobsen and Williams, 1954).

Equipment, techniques and results

A recurrent difficulty in early research on all scales was
associated with measuring the dust concentration and ensuring
uniformity of dust cloud formation. Researchers relied on
calculating nominal concenirations based on cither the known
mass of introduced dust and the volume of the explesion chamber
or by sampling. These methods assume that all the dust is
dispersed uniformly in the chamber or gallery volume. This
assumption could not be tested. Consequently a significant
advance in dust explosion research followed the development of a
direct reading opto-elecironic concentration probe by the Bureau
of Mines (Liebman, Conti and Cashdoilar, 1977; Cashdollar,
Liebman and Condi, 1981). A comprehensive investigation of the
explosion characteristics of Pitisburgh Seam bituminous coal (37
per ¢cent volatile matter) was undertaken by Hertzberg, Cashdoltar
and Opferman (1979) in parallel with the development of the dust
probe. Using a 7.8 litre explosion chamber, lean limit
concentrations were measured {or nine size fractions over the
range from 3 to 65 mm (average diamcter) using ignitors of
varying energies. The lean limit concentration of 135 g/m” at an
ignition energy of 300 J was found to be virtually independent of
particle size and was considered to be the asymplotic value
unconstrained by ignition energy limitations. The authors
therefore concluded that the accepted safe concentration of 55
g/m3 for this coal appeared to be too low by a factor of about 2.
They also found that low volatile matter Pocahontas Seam coal
(16 to 18 per cent) was ignitable in concentrations above 250
g/m”, despite not being ignitable in the smaller Hartmann vessel.

Earlier work in Poland by Cybulski (1975} on the dependence
of lean limit concentration on particle size makes the findings of
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Hertzberg, Cashdollar and Opferman (1979) somewhat unclear,
In the Polish tests, a strong inverse relationship was found
between ignitability and particle diameter for 11 sizc ranges of
Wujek 416 coal (36 per cent volatiles content) ranging from 0 -
2.5 um to 50 - 60 um. More recent Bureau of Mines papers by
Hertzberg, CashdoHar and Lazzara (1981) and Hertzberg and
Cashdollar (1986) report that lean limit concentrations are
insensitive to particle diameter below 40 mm, although above this
value the lean limit increases rapidly with increasing diameter.
Indications are, however, that the different findings are explicable
in terms of differences in ignition energy, the carlier results
{Cybulski, 1975} being limited in this regard and therefore
relating to dust ignitability properties rather than asymptotic lean
limit concentrations which are, by definition, independent of
ignitability (Jensen, 1990).

Another factor determining explostbility, particularly for the
lower rank brown coals, is the effective surface area of the coal
dust, which controls the rate of devolatilisation and combustion.
This depends on particle size, porosity, moisture content and
internal surface area (Woskoboenko, 1988). Most dust explosion
models, for example as proposed by Hertzberg, Cashdollar and
Zlochower (1986) or Bradley, Dixon-Lewis and El-din Habik
(1989), assume that only the volatile matter is consumed in an
explosion. Thus the role of the less reactive devolatilised
particles (char) is considered to be essentially that of a heat sink
as the combustion rate of the char is low enough to have an
insignificant effect on flame propagation. The models therefore
fail to consider the possible effects of the physical structure of the
coal particle on explosibility. Woskoboenko {1988) has shown
that this assumption may be invalid for lower rank coals since the
oxygen reactivity of brown coal char is considerably higher than
that of the bituminous chars. Thus physical structure, at least for
brown coals, was considered to have two main effecis on
combustion. Firstly, the rate of devolatilisation, and therefore the
rate of combustion, depends on the porosity of the coal
Sccondly, the reactivity of the char substrate to direct oxidation
increases markedly as the porosity, and hence surface area,
increases. It was therefore concluded by Woskoboenko that for
lower rank coals such as the Victorian brown coals used in the
tests, the dust explosibility increases as the surface arca increases
due to the enhanced rate of devolatilisation and the increased
participation of the resulting char in the flame front.

A 20 litre explosion chamber was developed by the Bureau of
Mines (Cashdoellar and Herizberg, 1985) to overcome limitations
in the maximum ignition energy that can realistically be used in
small volume vessels. Tests in this chamber at ignition energies
of 1000 J and 2500 J established a lower lean limit concentration
between 90 te 100 g/m™ for the Pittsburgh dust. A comparison of
laboratory measured lean limit concentrations and mine gallery
data was subsequently made by Cashdollar ef af (1986) using the
chamber at ignition energies up to 5000 J. _A lean limit
concantration of approximately 90 g/m3 was found for Pittsburgh
dust at ignition energies of 2500 J and 5000 J. This is in good
agreement with the minc gallery value between 70 to 80 g.’m3
obtained at the Bruceton Experimental Mine. Importantly, this
lower value is nearing the recommended safe concentration of 55
g,/m3 for this coal type. The low volatiles Pocahontas Seam
samplcs also showed lower lean limit values of 100 g/m3 and 140
g/m” with 5600 1 and 2500 J ignitors respectively. These results
compare well with the lean limit of approximately 100 g/m®
obtained from the underground mine {ests.

In order to address the restrictions imposed by the small size of
laboratory explosion chambers and perceived limitations in
ignition energies, Hertzberg, Cashdollar and Zlochower (1986}
undertook a series of experiments to investigate the effects of a
range of intermediate to high cnergy ignitors on the lean limit
concentrations of methane and of Pittshurgh Seam coal dust.
Pyrotechnic ignitors with nominal encrgies up to 5000 } were
thus used in 20 litre and 120 litre explosion chambers. The
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rationale for this approach was expressed in the premise that an
initial explosion front must exist before the capacity of the
medium under investigation to sustain a propagation can be
ascertained. To this end they used sufficiently strong ignitors to
obiain results that were concluded to be independent of ignition
energy and were therefore asymptotic lean limit values that were
independent of ignition energy limitations. An asymptotic lean
limit of 4.9 per cent by volume was obtained for methane in the
20 litre chamber across the intermediate range of ignition
energies from approximatcly 160 to 1000 J. There was a marked
decrease in the lean limit above this energy range indicating the
overdriving effect of using stronger ignitors. The observed
overdriving effect was nevertheless much reduced in the 120 litre
explosion chamber, An asymptotic lean limit concentration for
methane of 4.9 + 0.1 per cent was then derived by combining the
values obtained at intermediate ignition energies in the 20 litre
chamber with values obtained at the highest energies in the 120
litre chamber, Using a similar method, a value of 90 % 10 g/m
was derived for the lean Hmit concentration of Pittsburgh Seam
coal dust,

Foniok (1983} found a strong decrease in the lean limit
concentraion of coal dust resulting from admixture with
methane, based on tests with a range of coals with volatile
contents from 11 to 46 per cent. The ignition encrgy used for all
tests was 4500 ). Comparative tests on high lean limit
concentration (fow explosibility) coals, namely, 11 to 12 per cent
volatile content brown coals and 46 per cent volatile coal
inertised with 40 to 75 per cent limestone dust, demonstrated a
dramatic decrease in dust Iean limit concentration with increased
methane addition, For example, one per cent by volume of added
methane resulted in a decrease to 26 per cent of the original dust
lean limit concentration; two and three per cent methane caused
corresponding reductions in dust lean limits to 12 and five per
cent respectively. Thus the relationship between methane
addition and explosibility for these low volatiles and inertised
coals was found to be nonlinear and it is evident that the effect of
small concentrations of methane in enhancing dust explosibility
is more pronounced for relatively inert coals., Furthermore,
ignitability increased with increasing methane concentration, as
shown by a decrease in the minimum ignition energy. It was
therefore concluded that the addition of a low concentration of
methane can change an inocuous coal dust into a very hazardous
mixture with a low lean limit concentration.

Tests on hybrid mixtures by Cashdollar et af (1986) established
the lean limit dust concentrations for Pittsburgh Seam coal over
the methane concentration range between O and 5.0 per cent by
volume at ignition energies of 1000 J and 2500 J. In these
investigations an approximately linear inverse relationship was
found between methane conceniration and dust conceniration at
both ignition encrgies, This may reflect the relatively high
volatile content of the Pittsburgh coal as the results compare well
with those obtained by Foniok (1985) for dusts with 35 and 46
per cent volatiles,

Tominaga et af {1987) presented results from several Chinese
and Japanese joint investigations, particularly conceming the
effect of methane addition on coal dust explosibility. The authors
indicated, however, that lack of experience in the research arca
caused their procedures and equipment to be less than
satisfactory. Twelve samples of Chinese coals and three of
Japanese, with volatile contents ranging from 27 to 44 per cent
were tested using the Godbert-Greenwald furnace (Gedbert and
Greenwald, 1935), the Hartmann chamber, a 3.1 lire closed
explosion chamber, a 10 m long scaled gallery and a 900 m long
explosion duct, Results indicated that the ignition temperature
for coal dusts in the absence of methane tended to decrease as the
dust concentration increased. A generally higher ignition
temperature was required for the lower volatiles dusts. Thus the
reduced devolatilisation rates at lower ignition temperatures
appear 10 be compensated to an extent by increased concentration

COAL DUSTEXPLOSIBILITY RESEARCH

and volatile content. However, no significant differences in
ignition temperatare were found with methane addition over the
concentration range from 0 to 4.0 per cent by volume. Consistent
with the earlier findings of Foniok (1985) and Cashdollar et af
(1986), the results showed an approximately linear inverse
relationship between the lean limit concentrations of coal dust
and methane. The addition of 4.0 per cent methane by volume
was found to reduce the lean limit concentration of the coal dusts
by approximately 60 per cent, although the effect of methane
addition was significantly more pronounced for lower volatiles
content dusts, Small concentrations of methane were also found
to increase the maximum explosion pressure, the rate of pressure
rise and the velocity of flame propagation in the explosion
gallery. ‘Thus they concluded that there was an increased
probability of explosion initiation associated with methane
presence and the potential for more severe damage.

The effects of wolatiles content, free moisture and
incombustible solid matter {ash) in determining dust explosibility
were extensively investigated by Cybulski (1975). In a series of
1134 experiments conducted in laboratory chambers and
underground mine gallery at the Experimental Mine Barbara
(Poland), samples from 43 scams with volatiles varying from
18.3 to 41.5 per cent were examined to establish the effect of
volatiles on the Jean limit. Results indigated a reduction in lean
limit concentration from 133 10 41 g/m” as the volatiles content
increased over this range. Free moisture is a factor in lowering
dust explosibility and acts by decreasing dispersibility, increasing
effective particle size by agglomeration and by absorbing heat.
Woskoboenko (1988) showed that for brown coal dusts, moisture
plays an important role by reducing the solid/air interfacial
surface area of particles. Nevertheless, it was demonstrated by
Cybulski (1975) that even relatively wet coal dust could be
ignited and cause a violent explosion by using a sufficiently
strong ignition source. With respect (o incombustible matter,
adsorbed moishire, ash and crushed roof and floor material were
identified as components which contribute to the formation of
dust clouds. Experimental results showed that lean limit
concentration increases with an increase in incombustibles.
Above 50 per cemt incombustible content, the lean limit
concentration was found to rise rapidly.

A predictive approach

Torrent and Pedreira (1987) and Torrent, Armada and Pedreira
(1988) adopted a statistical approach to correlate explosibility of
coal dusts to a composition index based on proximate and
ultimate analyses. Samples from 21 seams were analysed for
carben, hydrogen, sulphur, moisture, ash and volatile content.
Testing in an explosion gallery measuring 0.2 m in diameter and
4 ra in length and a standard Hartmann vessel provided
explosibility results which corrclated well with dust composition.
The cxplosibility criteria measured were lean limit concentration,
maximum explosion pressure, rate of pressure rise and minimum
ignition energy. A Godbert-Greenwald furnace was used o
measure the minimum ignition temperature. The correlation
coefficient obtained for the data was better than 0.98. The
anthors concluded that this could be further improved if several
other parameters such as mean random reflectance of vitrinite and
crucible swelling number (CSN) were included and the number
of samples increased. Such an approach has the potential to
provide an important predictive tool based solely on coal dust
rapk and provides a method for determining the relative
flammability, that is, the level of stone dusting required to impede
flame propagation and thereby render the coal safe. The
successful application of theoreticaily derived vales for stone
dust addition in mine workings, however, depends on the
accuracy of the original laboratory determined explosibility
results. Indications are that the earlier results were limited with
respect to ignition energy (Torrent and Pedreira, 1987).
Consequently, the predicted values for inert dust additions were
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lower than they should have been and on-going research (Torrent,
Armada and Pedreira, 1988) has shown that the values increase
when based on explosion data obtained with stronger ignition
sources. Thus the predictive model should be considered as a
first step to apply small scale laboratory explosibility data to
practical use in the underground mine environment.

RICH LIMIT CONCENTRATION RESEARCH

Background

Pickles (1982} proposed a model to describe the interaction of a
cold particle of coal dust in the explosion front. Accordingly,
combustion was treated in three separate stages, namely

1. conductive heating by hot combustion products from
surrounding particles,

2. chemical decomposition and devolatilisation as the
temperature rises, and

3. diffusion of oxygen inlo and combustion of the volatiles
surrounding the particle.

At the explosion front, the rapid motion of the particle relative
to surrounding particles, combustion products and atmospheric
gases increases the rate of conductive heat exchange and oxygen
flow. While it is useful to treat the three stages separately, it is
evident that there will be some ovetlap between them. By
assuming a cold particle temperature of 300°K, a temperature of
1800°K for the combustion products and an average ternperature
of 1200°K for devolatilisation and combustion, a combustion
time of 15 ms was estimated for particles with diameters of 50
pm. The model fails to consider the effects of radiative and
convective heat transfer. Nevertheless, it provides a basis for
describing the energy balance and physical threshold conditions
which must apply for a prepagation to be sustainable.

In a propagating cxplosion, the absorption of heat by cold
particles at the explosion front is countered by the ouiflow of heat
energy during the combustion of devolatilisation products from
surrounding particles. It is evident that the encrgy flux linking
the two processes must be maintained above a certain limiting
value for combustion to be sustainable. It is also evident that
explosion sustainability is dependent on both the rate of energy
input from the combustion stage and on the energy required to
elevate the temperature of cold particles to the develatilisation
and combustion stages. That is, the specific energy and spatial
distribution of particles must be adequate to match the specific
heat, latent heat of vaporisation and ignition energy requirements
at the explosion front for propagation to be sustained.

It has been established that a minimum concentration of coal
dust must be present to sustain an explosion. This represents the
lean limit. Addition of dust above this concentration appears to
have a minimal effect on explosibility untii the stoichiometric
concentration is reached. As the concentration progressively
exceeds this value, research has shown that the surplus coal dust
acts as an explosion inhibitor and causes a reduction in the
reaction rate by absorbing heat from the surroundings while not
contributing an energy input through combustion. Hence the
combustion energy flux is disrupted as the surplus fuel becomes a
heat sink and devolatisation decreases. Evidence for this has
been found by Smoot, Horton and Williams (1976) who showed
that the temperature and devolatilisation rate within the flame
front decrease with increasing concentration. The CO/CO; ratio
also increases in richer flames. Devolatilisation was found to be
a strong function of dust concentration. At a specific (and high)
concentration, the excess coal dust absorbs sufficient heat from
the surroundings to prevent further flame propagation. This is the
rich limit concentration.

Relatively little research has been undertaken in the arca of
coal dust gsich {imit concentrations as mine explosion safely
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concerns have been largely directed towards lean limit research.
An understanding of the rich limit characteristics of explosible
dusts, however, is pertinent to industrial processes involving the
pneumatic transport of these materials. The Jack of experimental
work is also due to the inherent difficuity in determining rich
lirnit concentrations of dust and air mixtures. Problems include
the difficulty in generating high concentrations of dust with
uniform distribution (Mason and Saunders, 1975) and in
measuring dust concentration and other variables at these
concemtrations (Deguingand and Galant, 1981). There is also
disagreement among authors as to the existance of a true rich
limit for dusts. For example, Slezak, Buckius and Krier (1986)
indicate that true dust rich limit concentrations may be
undefinable as a result of the practical difficulties in obtaining
homogeneous mixtures at high concentrations. The notion of a
true rich limit for coal dust is disputed by Hertzberg and
Cashdollar (1986) who assert, based on a thermodynamic model,
that the absence of rich limits is characteristic of ali dusts. Their
report indicates, however, that the devolatilisation rate becomes a
limiting factor as dust concentration is increased, as was shown
experimentally by Smoot, Horton and Williams (1976). The
authors also indicate that at very high dust concentrations the
excess unreacting fuel will provide a sufficient heat sink for
flame propagation to cease.

Research methods and results

Hertzberg, Cashdollar and Zlochower (1986) were unable to find
a rich limit for Pittsburgh coal dust to concentrations as high as
4.0 kg/m3. This is in contrast to results found by Smoot, Horton
and Williams (1976) who observed rich limits for Pittsburgh and
Pocahontas scam samples. Flames were found to be difficult to
stabilise at dust concentrations above 1.2 kg/m3 using a
downward flow, 102 mm flat flame burner (Horton, Goodson and
Smaot, 1977). This concentration was interpreted as the apparent
rich limit. Increased particle size was found (o increase the rich
limit concentration in these experiments. Slezak, Buckius and
Krier (1986) found evidence for a rich Hmit for Pittsburgh coal
using a rolating horizontal combustion tube (Slezak ef al, 1983).
Observations with pulverised Pittsburgh coal showed that flame
propagation occurred only in regions of the tube where the
concentration was below approximately 1.5 kg/mz.

Deguingand and Galant (1981) studied rich limits in an eight
litre explosion chamber modified from the design of Hertzberg,
Cashdoltar and Opferman (1979). Two size fractions, namely, 13
pm and 50 um of 35 per cent volatile matter Freyming coal
(comparable to Pittsburgh coal} were used in the investigation.
Criteria used to identify the rich limit were peak pressure,
maximum rate of pressure rise and residual gas concentration
measurements. Dust concentration was determined by nominal
calculation. The investigation identified 3.5 kg,fm3 as the rich
Iimit for this coal, although the authors guestion the reliability of
the experimental technigue, particularly with rtespect to
concentration evaluation in the region of the electrical discharge
ignitor. The data show only a weak relationship between rich
limit concentration and particle size. Unexpectedly, the gas
analysis showed a decrease in the CO/COy ratio with increasing
dust concentration from 500 g/m3 to the rich limit.

Woskoboenko (1988) found upper explosive limits for
Morwell (Viclorian brown) coal dust in a 20 litre spherical
chamber using both air dried and moisture free samples. A value
of 7 i(gfm3 was found for the air dried sample (14.1 per cent
moisture; 49.5 per cent volatiles). The moisture free sample was
still explodable at the maximum concentration attainable in the
explosion chamber, namely, 10 kg/m®. The author qualified these
results and indicated that they are a guide only duc to the
difficulty in obtaining uniform dust concentrations in the
chamber, largely because of agglomeration and turbulence
effects.
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While there may be disagreement over the occurrence of a true
rich limit and the nature of the mechanism of explosion inhibition
at high dust concentrations, there is a common recognition that
excessive loadings of suspended explosible dust are inhibitory to
explosion propagation. There is also a recognition that at very
high dust concentrations, the excess fuel does not to participate in
the exothermic combustion stage of explosion and instead acts as
a heat sink.

CONCLUSION

Coal dust explosibility is subject to many physical and chemical
variables, Research in the area over the last several decades has
focused on the use of small laboratory explosion chambers and
scaled galleries. The more recent equipment has provided
explosibility data for a variety of coal dusts which show good
agreement to data obtained from full scale mine tests. Research
has shown that volatile content is the most significant variable in
determining coal dust explosibility. Other variables in this regard
include particie size, ash content and moisture content. Dust
explosibility is also subject to several external variables including
the energy, temperature and duration of the ignitor and the
presence of methane, Much research has been directed towards
establishing lean limit concentrations for a number of coal dust
types with the aim of establishing safe operating conditions in
underground mines. While there may be disagreement over the
occurrence of a true rich Hmit and the nature of the mechanism of
explosion inhibition at high dust concentrations, there is a
common recognition that excessive loadings of suspended
explosible dust are inhibitory to explosion propagation.
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