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Dust Explosibility of Magnesium and Its Alloys
by Toei MATSUDA**

Abstract: A large number of violent dust explosions have been caused by light metals, such as
aluminum and magnesium, which show the most severe dust explosion hazard because of their high
heats of combustion, particularly in finely divided states. This fact would lead to the requirement
that all aspects of explosion hazards of these dusts should be disclosed and understood for their
safer industrial use and manufacture. The ignition and combustion of light metals have been fairly
well studied by many researchers and useful information on metal dust explosibilities has been
provided by the U.S. Bureau of Mines and German organizations. However, their dust explosibility
data in recent testing apparatuses have been limited, and the available data on the explosibility
characteristics of metal alloys are contradictory in part.

Dust explosibility characteristics of Mg powders(volume meadian diameters of 37 and 61 pum)
were measured in the Siwek 20-£ spherical explosion chamber with a 10 kJ ignitor to compare their
reactivities in air, nitrogen and carbon dioxide. The reactivity or the volume-normalized rate of
pressure rise (K) for Mg in CO;y is nearly half of that in air, and the main explosion product
of Mg dusts is MgO in COg, although a small quantity of carbon is formed in the higher dust
concentrations. The Mg dust used did not ignite in nitrogen at room temperature. The Al-Mg alloy
dusts (meadian particle sizes: 61~76 um) with a Mg content of more than about 40 wt.% showed
an explosion hazard in COg, in which only the Mg component reacted.

The dust explosibility data for Al-Mg and Mg-Si alloys were also obtained in the 20-¢ chamber
to study the relation between the explosibility and those of the components of the binary alloys.
It seems that an increase in the Mg content of the alloy causes an increased explosion hazard of
the dusts over those of the other component of the alloy, likely due to higher reactiveties of Mg,
when the particle size is enough small(meadian diameters less than about 26 pm). In particular,
the K values for the alloy dusts of Al-Mg and Mg-Si systems with nearly the same particle size
distributions show the overall trends of increasing with increasing Mg content over that for pure Al
or Si and show a strong dependency on particle sizes as metal dusts generally do.

Measurements of ignition temperatures of dust-air mixtures were made for Mg and its alloys, and
the results may support the contribution of heterogeneous reaction to their ignitions.

These data may be useful for evaluating the explosion hazards of newly emerging complex dusty
materials such as ceramics and intermetallics.
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Photo 1 ~ SEM photographs of Al-Mg (40:60) alloy
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Table 1 Compositions and particle sizes of dusts tested.
REREM DR & FIFE
Sample Dust Comosition Dv,50 D372 Span
No. (wt.%) (pem) (pm)
a Mg Mg:99.8 37.1£0.5 27.240.7 1.27~1.29
b " Mg:99.9 60.5£0.6 52.31+1.2 1.21~1.24
c Al-Mg (20:80) | Al:21.0, Mg:78.9 25.61-0.8 14.240.4 1.54~1.63
d " " 70.420.4 50.0£1.1 1.06~1.13
e Al-Mg (40:60) | Al:42.4, Mg:57.4 22.540.3 16.740.3 1.16~1.24
f " " 67.730.2 53.110.3 1.22~1.31
g Al-Mg (50:50) | Al:50.1, Mg:49.8 23.740.7 10.04+2.5 1.47~1.54
h " " 71.740.3 50.740.3 1.49~1.62
% Al-Mg (60:40) | A1:59.0, Mg:40.8 24.240.5 17.81+0.3 1.50~1.55
j ” " 75.60.3 56.3210.3 1.31~1.32
k Al AlL:99.6 20.740.4 14.740.3 1.17~1.21
l n " 60.810.5 40.9£0.4 1.23~1.31
m Mg-Si (60:40) | Mg:60.2, Si:39.6 11.740.2 4.940.2 3.15~3.22
n Mg-Si (50:50) | Mg:50.7, Si:49.3 12.140.4 5.240.1 3.60~3.69
o} Mg-Si (40:60) | Mg:41.7, Si:58.1 7.3+0.4 3.940.4 3.68~3.90
P Mg-Si (20:80) | Mg:21.0, Si:78.6 11.6+0.2 4.940.2 3.18~3.23
q Si Si:98.2, Fe:0.4, Al:0.2 11.54+0.3 5.17-0.3 2.31~2.44
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Fig. 1 Variation in explosion pressure and K relative
to dust concentration for Mg(b) in air and COg,
and Al-Mg (50:50) alloy(h) in COa.
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Fig. 2 Gas composition and approximate weight of
condensed residues after explosion for Mg(a) in
COs.
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Fig. 3 Apparent minimum concentration of explosion
in COg versus magnesium content for Mg(b)
and Al-Mg alloy (d, f, k) dusts.
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