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5. Ignition Hazard Evaluation of Metal Powders*
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Abstract; Newly developed solid materials have been used in advanced technology industires. For
examples, rare earth metal such as neodymium-iron alloy is used for rare earth magnet, and
amorphous silicon is used for solar cell. Great efforts have been put on developing new materials,
but poor information about the safe handling has been presented in the production works.

This paper describes experimental results on ignition properties of various metal powders
including new metals by using a shock tube. Ignition delay time and auto-ignition temperature
were determined behind the reflected shock wave. Also, activation energy of over all ignition
process of the metal powders was derived from the linear relation of the ignition delay time with
the reciprocal temperature. The ignition temperature was determined from observed shock wave
velocity by using the shock wave equation. Ignition properties obtained from the shock tube
test were compared with the data obtained by other testing methods such as ignitability test by
small flame and Hartmann test on the same samples.

The following results were obtained from the experiments.

(1) Ignition delay time was not influenced by particle size and amount, though the longer
the distance of the sample location from the end plate of the shock tube, the shorter ignition
delay time was observed.

(2) Amorphous silicon, titanium and iron-neodymium alloy powders showed quite low ig-
nition temperatures compared with the other metal powders, and especially the lowest ignition
temperature of amorphous silicon was lower than that of metal silicon by about 400 K. This
result points out serious ignition hazard of these materials.

(3) Zinc and iron powders were neither ignited by small flame nor by Hartmann test, but
they were ignited by shock tube test at around 1,100 K. Thus, the shock tube result indicated
latent ignition hazard of zinc and iron powders.

(4) Ignition delay time and activation energy derived from the shock tube test did not
indicate a direct correlation with ignitability or explosibility having been obtained from other
tests.
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Fig. 1 Schematic diagram of the shock tube apparatus.
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Fig. 2 lllustration of a typical shock tube measure-

ment, Fe-Nd, 250 um, 20 mg.
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Fig. 3 Effect of particle size on ignition delay time.
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Fig. 4 Effect of sample amount on ignition delay

time.
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Fig. 6 Particle behavior at the end of shock tube.
(D ASEERBTHDES, QR AHETFER
BanEs, O, RHFEEROESEERT,
t XEFRE, o (XIEEE, UrQRGEEEERE, v &
WFEEERT,)

FRE IR ORF DL

20 T T T T T
™ 10 |-
E C
- -
o 5
£
g amorphous Si
T 2
O
c
02
T 1
Ry

05

0.8 10 1.2 14
(1/75)1000,(1/7K)
Fig. 7 lgnition delay time for Fe-Nd, Ti, and amor-

phous Si powders versus reciprocal tempera-
ture. (Ps = 39 ~ 118 kPa)
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Comparison of test results of metal powders by different methods.

ERBDREK - MEEHERRER

Metal powders Mg | Al | Si* Si

Ti |FeNd| Zn Fe
Test criteria

50% mean particle size (um) | 72 47 | 3.1 | 34

21 55 12 57

Ignitability test © : Ignited within 3 sec
by small flame @) X © © © O X X O : Ignited within 10 sec
X Not ignited
Dust explosion test O : Flame propagated
(Hartmann test) O O O O O O X x
X : Flame not propagated
© : Ignited bellow 1000 K
@] O @) O © © O O | O : Ignited above 1000 K
Shock tube test X . Not ignited

(Behind reflected shock wave | 34 17 34 17
Sample amount 20 mg)

19 27 13 21 | Activation energy

(kJ /mol)

1360 | 1655 | 745

1150

795 | 730 | 1125 | 1060 | Minimum ignition
temperature (K)
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Fig. 8 Ignition delay time for Al, Mg, metal Si, Zn

and Fe powders versus reciprocal tempera-
ture. (Ps=100 ~ 360 kPa)
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Mg (72pm) : 7 = 0.0090exp (34,030/(RT5))
Si (3.4um) : 7 = 0.0409exp (16,890/(RT5))
Zn (12um) : 7 = 0.0637exp (13,360/(RT5))
Fe (57um) : 7 = 0.0345exp (20,570/(RT5))
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