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Dust Explosion Chracteristics of Rare Earth Metal Alloys

by Marek WOLINSKI* and Toshihiro HAYASHI**

Abstract; Rare earth metal alloys are now commonly used in such high-technology indsutries as
manufacturing electronic devices and magnetic components for special use. Rare earth metals
are known to be easily subjected to oxidaton and their alloys are often utilised as fine powders.
Thus their powders are ready to explode in industrial processes when dispersed adequately into
air and ignited. Yet no sufficient information is available on dust explosion characteristics of fine
powders of those new materials.

This paper describes general behaviours of dust explosion in air for five commercial alloys
containing rare earth metals, together with such parameters of explosion as maximum pressure,
rate of pressure rise and lower limit of inflammability. Inhibitory effect of Halon 1301(CF3Br)
or nitrogen on explosions of those metal alloy powders was also studied.

Explosion tests were carried out in an enclosed cylindrical chamber of 5.3 liter capacity; alloy
powders were blown up, from the bottom, into the chamber by means of pressurized air, and then
ignited by an electric arc discharged at the center of the chamber. Pressure of air for blowing up
powder was varied according to the mass of the powder to be tested. Ignition timing and other
experimental parameters were predetermined by the help of a transparent plastic vessel, which
had exactly the same dimensions as the test chamber.

Two Nd-Fe alloy powders of different compositions gave moderate explosions; maximum ex-
plosion pressures were nearly equal to one half of those reported for most of flammable dusts,
yet the rates of pressure rise were relatively slow. Explosions of Co-Ce-Fe alloy powder, which
contains large portion of Ce and named here as powder “D”, gave slightly higher pressure and
pressure rise rate than those for Nd-Fe alloys. Most remarkable feature of powder “D” was that
it often exploded in the course of dispersion by blowing air before activation of the ignition
source; in such explosions, much highter pressure rise rates were recorded than those obtained
in tests by the ordinary procedure. Other alloy powders, Co-Sm-Fe (powder “A”) and Co-Ce-
Sm-Fe (powder “E”) gave no explosion, in so far as the ignition source was applied after their
dispersion; however both of them could be ignited and exploded when they wre blown onto
electric arc. Powders “A” and “E” were thus flammable, even if no explosion parameters could
be determined by the ordinary procedure in the present work. It must be stressed that all powders
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under test were capable of smoldering.
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Table 1 Compositions and average particle diameters of rare earth metal alloy powders for test
HEURAR DR & FHhFZE
Contents by wt% Average
Powder diameter
Fe Nd Co Ce Cu Sm B Others um
“B”? 60 31 4 — —_ — 1 4 4
“C” 65 30 _ — — — 5 — 3
“D” 9 — 50 32 9 — — — 4
g 13 — 54 13 5 13 — 2 4
“A” 14 — 53 — 4 26 — 3 4

Note: Powder “C” has some surface treatment.
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Table 2

Summary of test results for powders “B”,
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“C" and “D" in air

REME "B, "C" RU D" OZRRARICE T 3RESH
Powder Optium conc. AP (max) dP/dt (max) LEL Kt
(kg/m®) (MPa) (MPajs) | (kg/m®) | (MPam/s)
“B” 2.41 0.34 3.3 0.66 0.58
“Cr 2.23 0.36 4.1 0.65 0.72
“D” 2.41 0.42 6.5 0.55 1.14
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Fig. 5 Explosion characteristics of powder “D” in

air and in halon-added air, together with AP
for explosions by only blowing the powder
into air
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Fig. 6 Dependency of explosion pressure and pres-

sure rise rate on ignition delay time 7. (T
is time difference between initiation of dust
dispersion and initiation of arc discharge.)
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