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8. Dust Explosion Hazards of Metallic Silicon*

by Toei MATSUDA**

Abstract; Silicon is an important element in view of engineering development of modern high
technology, as it is extensively used in industries of semi-conductor, organic silicon chemistry or
fine ceramics. Fine metallic silicon powders, however, give rise to dust explosions.

In this report, explosion characteristics of silicon powders with different surface states and
particle sizes have been investigated experimentally, using a large-scale vertical test tube, a
Hartmann-type test apparatus, a 419-¢ egg-shape test vessel and a 30-£ spherical test vessel.

Lower limits of the explosibility were measued in the vertical tube for silicon dusts of A, B
and C. The dust C, crashed mechanically in air, showed no explosion in the vertical tube with
ignition sources of electric spark and chemical ingitor, but demonstarated violent explosions in
the Hartmann apparatus. The dust A and B, prepared in argon gas atmosphere by mechanical
and chemical methods, respectively formed propagating flames in the vertical tube. The results
suggest that ignitability will be inhibited by the silicon oxide layer on the surface of the particles,
but explosion severity will not be affected by the surface states. Values of the lower limits
obtained in the 30-¢ vessel were smallar than those measured in the vertical tube, depending on
the differences in turbulence. More turbulent mixtures would give smaller value of lower limits of
explosibilities. A relation between the lower limits versus the average particle diameter is given
in Fig. 3. The silicon dust with mean particle size of 65 pm did not explode.

The explosion parameters defining the comparative violence of the explosion for a given sys-
tem depend on dust concentration of the mixture. Fig. 7 presents the variation of the explosion
pressure and the maximum rate of pressure rise, i.e., Kst, normalized to vessel volume on the
Cubic Law, with dust concentrations. The maximum explosion pressures decrease gradually to
nil as shown in Fig. 3 with increasing particle sizes. The K values were largely influenced by
the mean size of the particles (Fig. 9). Thus, fineness of the silicon powders increases explosion
propagating rate in accordance with expectations. The maximum value of the explosion param-
eters were observed to attain at the higher dust concentrations with increasing paricle sizes. It
is general observation that the maximum explosion parameters are obtained under conditions of
excess dust charge.

Upper limit of explosibility of the dust C was not observed even at the high dust concentra-
tion of 6 kg/ m? in air, but the upper limits were apparently present for the mixtures diluted with
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nitrogen, that is, oxygen contents of 8 and 6% by volume. Difinition of the lower and upper
limits of the explosibility was given by two long delayed values of time to peak pressure form
striking the ignition source, or duration of combustion. The times to peak pressures against dust
concentration indicated J-letter variation and fluctuated considerably at hihger concentrations
in those reduced oxygen atmospheres. The reason for this scatter of data would be attributed
to turbulent mixing of the mixtures. Oxygen is consumed in the presence of excess dust for
full combustion under turbulece, which means that the oxygen content per unit volume of the
mixture would be the factor determining the upper limits. Limiting oxygen concentrations for
five silicone powders in Og-No gas atmospheres were determined on the criterion of full flame
propagation to the vessel wall. The limiting oxygen concentrations gradually increase from the
minimum of approximately 4 vol. % when particle size increases. Thus, the most experimental
data seem to show that the combustion process is heterogeneous, in which the surface reaction
depends on surface area of particles.

Poly-dimethyl-silylene powder was also tested in the 30-£ spherical vessel, and the data were
plotted in Fig. 12. It can be seen that both maximum pressure and K, are extremely high,
suggesting explosion hazard as severe as gaseous explosion. Infrared spectra of the solid residues

after the explosions implied combustion of methyl radicals of the polysilane.

Keywords; Silicon powder, Dust explosion, Limit of explosibility, Polysilane
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Photo 3 Explosion flame of dust C in Hartmann-

type test apparatus.
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Fig. 4 Explosibility data for dust C in a 419-/ test vessel and a 30-£ spherical test vessel
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Fig. 14  Adiabatic flame temperature vs. dust concen-

tration for silicon/air or /N2 mixtures
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