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Ignition and Explosion Characteristics of Tantalum Dust*
by Toei MATSUDA** and Mizuki YAMAGUMA***

Abstract . Elemental tantalum powder is mainly used for a material of a compact high performance
capacitor called the tantalum electrolytic capacitor. As the miniaturization of electronic devices, such as
cellular phones, has progressed remarkably, the demand for tantalum has rapidly increased in recent years.
In the spring of 1997 a manufacturer of tantalum powder experienced a tantalum dust deflagration in its bag
filter dust-collecting device which resulted in a fatal accident, in which one worker was killed and the other
seriously wounded.

The fire and explosion hazard properties of light metal powders such as aluminum and magnesium are
well documented, but information concerning the flammability hazards of heavy metals in the finely divided
forms is limited. Then, tantalum ignition and explosibility data have been obtained by using modern testing
apparatuses.

Dust explosibility data were obtained in a 20-L spherical explosion chamber. The data showed that the
magnitude of the tantalum dust explosion is classified as severe (normalized rate of pressure rise | K5 =273),
contrary to the classification found in the preceding literature. In the explosion tests, it was found that the
sample dust of larger particle sizes was crushed into smaller sizes during injection from the high-pressure air
dust container. Accordingly, these test methods for dust explosibility are inappropriate to evaluate the dust
samples, which are susceptible to fragmentation or brittlement.

The minimum ignition energies both for a dust cloud and a dust layer of the tantalum powder were also
far lower than literature values. In the layer form, especially, the electrostatic discharge channel was formed
through the layer, and a small heat spot was created on its surface when it was ignited. The spot spread
gradually in the beginning, then a bright flash was formed several seconds after the ignition. It is thought that
the direct heat-up of a part of the heap by the electric current passing through the layer is the main cause
of tantalum powder’s sesitivity to an electrostatic discharge. A thin, nonconductive oxide layer of the
tantalum powder surface has high resistivity and generates electrostatic charge when rubbed with conductive
materials like the wall of the collecting device.

Judging from the observation of the surface with an SEM, the coral-like structure of each particle of the
tantalum powder can enhance its fire and explosion hazards and affect its sensitivity to electrostatic sparks
by increasing in particle surface area. The authors conclude that the possible cause of the ignition was
electrostatic discharge resulting from charging electrostatically.
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Fig. 1 SEM photographs of tantalum dust sample with two magnifications.
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Table 1 Particle size measurements and specific surface areas of tantalum dusts.

AR ONTFES R UEREROAERR

Sieved dusts Median particle size, Dy so( 4 m) BET specific surface | Mass
(screen openings) | Instrument A Instrument B Instrument C area (cm?/g) stg/:,c;n
22 (Km) 11 16 9,080 1141
22~45 19 35 9,240 13.2
45~88 26 67 75 9,250 17.3
88~170 36 116 146 9,160 17.6
170~250 - 192 202 9,100 16.8
250~355 - 305 313 9,150 14.8
+355 - 350 472 9,180 9.2

*Instrument A : Laser diffraction method/dry air flow (Malvern)

*Instrument B : V/j
*Instrument C : N
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Fig. 2 Apparatus for measuring the MIE of dust layer.
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Fig. 3 Plots of explosion pressure, Kst and explosion
time data vs. dust concentration for tantalum.
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