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Activated Carbon Dust Explosions®*

—Effects of Ignition Energy on Dust Explosion Parameters—

by Toei MATSUDA** and Haruhiko ITAGAKI**

Abstract : The industrial use of activated carbons has been increased for environmental aspects, but
they are predicted to show a dust explosion. Activated carbon dusts are characterized by a large
specific surface area from their internal porosities, and they react heterogeneously with air at first
step. However, the role of the surface reaction in dust explosion mechanism has not been well
understood.

An International Standard (ISO) specifies one cubic meter explosion vessel for realistic dust
explosibility determination. To improve time and cost effectiveness of the large scale tests, a 30/
spherical closed vessel has been developed and used in our laboratory for hazard assessment of
combustible dusts. The ISO standard also recommends the use of a 10 k] chemical ignitor for the
determination of dust explosion severity. However, the use of such a powerful ignitor in a smaller
explosion chamber leads to overdrive of the dust-air mixtures.

This paper reports the effect of ignition energy on explosion pressures, maximum rates of pressure
rise, and lower and upper explosible dust concentrations for activated carbon dust explosions in the
30/ sphere and a standard 1m?® cylindrical vessel.

Within the scatter in the data, the explosion pressures at a given dust concentration are almost
independent of the ignition energies used. By increasing the dust concentration up to 10 kg/m?, the
explosion pressure gradually decreases even to 2 bar when the 10 k] ignitor is used in the 30/ vessel.
Each ignitor distinctively provides an ignitable renge of dust concentration. Dust-air mixtures of two
dusts used could not ignite at any concentration using the 1.5 kJ ignitor in the 1 m? vessel. Ky values,
the size-normalized maximum rate of explosion pressure, reflect the relatively weak explosion
severity of the dusts used. The effect of ignition energy on the K is evident as the values increase
with increasing ignition energies, and the 307 vessel shows the higher K for the dusts when the same
ignitor energy is applied.

Explosion time, or combustion time from ignition to a peak pressure, has been used as the criterion
for apparent limits of explosibility in our laboratory. In the 1 m? vessel, the lower explosibility limits
for two kinds of activated carbon dusts are relatively independent of ignition energies, whereas the
data from 30/ show wider apparent limits of explosibity with increased ignition energies. From a
comparison of these data, the lower explosion limits for two dusts used in the 1 m?® vessel with a 10
kJ ignitor appear to be comparable to that in the 30/ vessel with a 2.0 or a 1.5 k] ignitor Thus, the
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result for the activated carbon dusts tested shows that the appropriate ignition energy for lower limit
determinations, which should be used in the 30/ vessel in order to obtain comparable data to those
in 1m?® vessel, seems to depend on the kind of dusts being tested.

The upper limits for the activated carbon dust in both vessels show a large difference of more than
10 times in concentration with a 10 kJ ignitor. Although such a discrepancy would be explained by
different turbulent levels in both vessels, the increase in the apparent upper limit concentrations with
ignitor energy in the 30/ vessel would be promoted by the higher energy ignitor itself which preheats
the excess dust particles acting as a heat sink in the denser mixtures. Nevertheless, it should be noted
that the explosion pressure recorded with a 10 kJ ignitor near the upper limit in the small vessed is
nearly 2 bar, as above mentioned. This value is close to the pressure criterion previously defined for
the limit concentration. The upper limit of explosibility for the dust in the 30 ! vessel would be then
justified and therefore the 30/ vessel would be useful to reveal the potential hazard of such a dust.

Keywords ; Dust Explosion, Ignition energy, Activated carbon dust, Safety
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Fig. 1 1 m? cylindrical dust explosion vessel.
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Fig. 2 301 spherical explosion vessel.
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Photo 1 Flame spread by a 10kJ ignitor.
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Fig. 3 Particle size distribution of sample dusts.
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Fig. 4 Explosion pressure vs. dust concentration for
dust sample “A” at different ignition energy
in the 307 vessel and the 1 m?® vessel.
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Fig. 5 Variation of K,~value against dust concentra-
tion for dust sample “A” in the 1m? vessel.
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Fig. 6 Ks-values vs. ignition energy in the 30 and 1
m® vessels.
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Fig. 7 Gas composition after explosion for dust sam-
ple “B” in the 30! vessel.
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Fig. 8 Explosion time with dust concentration at
different ignition energy in the 301 vessel.
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Fig. 9 Explosion time with dust concentration at
different ignition energy in the 1 m® vessel.
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