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An Investigation of Minimum Ignition Energies for the Layers of Some
Wood Dusts

by Toei MATSUDA
and
‘Michio NAITO

In wood process industries, values of minimum ignition energies are required for safety standards in
relation to possible explosion hazards of wood dust clouds. A mass of data on the ignition energy are
available for dust clouds, but the data for the ignition energies of dusts as deposits, heaps or their layers
and the accuracy of the values are limitted.

In this paper the method to determine the minimum ignition energy of dust layers is reported with
measurements of the values for some wood dusts. Spark electrodes Wére located in tight contact with
the surface of the dust layers and the stored energy in a condenser was discharged at the spark gap. The
energy released in the spark was determined by computer-aided integration of voltage and current traces
on a digitized synchroscope.

On the release of sufficient energy at the gap, flamming of dust particles could be possible above the
layer (Photo 8-1), but it would become difficult to recognize the ignition as criticality for ignition is
approached (Photo 8-2). The photocell positioned above the electrode gap was then employed in order
to facilitate the finding of ignition with naked eyes. An ignition criterion near the critical value was that
glowing particles were discernible at the spark.

Experiments have also been carried out to study the influence of electrode configuration, electrode
separation, ‘bulk density of the dust layer and particle size on the minimum ignition energy of lycopodium
and wood dusts. The results show that particle size has a strong influence on the minimum ignition energy,
and that optimum spark gap width is in similar order of values to those of gaseous or dust/air mixtures.
The spark discharge induces dispersion of dust particles arround the electrode gap (Photo 8-4), and
subsequent ignition of the particles could be given if sufficient energy is dissipated. It seems likely that
dispersability of dust particles due to the ignition spark may have an important effect in determination
of minimum ignition energies of dust layers. The dispersion mechanism is likely that the dust is denuded,
i.e. an earpickfull of dust is removed suddenly from the dust surface.

The minimum ignition energies obtained for eleven different wood dusts with mean particle diameters
ranging from 10 to 22 microns are summarized in Table 1. It will be of interest to compare these with
results for dust clouds of the same samples and we expect that the method described here for dust layers
can be usefull in place of the testing method for dust/air mixtures.
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Fig. 8-3 Typical spark voltage and current
traces. Gap width:2 mm, 100KQ, 0.5
pF, Discharge time:500us. Spark

energy : 29.6 mJ (non-ignition).
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Photo 8-1 Flame formation on the dust layer
with a spark discharge (a, b) and a
burnt ring around the electrode gap
{c). The photographs of a) and b)
were taken in long-open shutter, and
then show the bright dust layer.
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Dilum):(al)14/4(a2)29/ (a3 )46/ (a4 )56
(b1)14% (b2)504 (b3)64/ (b4 )175
I (b5 )243

Microscope photographs of wood
dust particles at various mean

particle diameters. (2 1~a 4):
American white cedar, (b 1~D

5) : lauvan.
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Table 8.1 Results for the minimum ignition energies of some wood dust layers.

KR FBOBANFEAL AN —RERER

72 b dust samples e ot e e e Peiclediame |fon enemy

(wt.%) (g /ar){ter Dy (um) |ter D':i(um) (m])
1.5 7 >~ Philippine lauan i 5.9 0.093 14.1 38.2 6.3
2.4 t 5| American white cedar 5.8 0.138 14.1 30.5 3.0
3. XA H Western hemlock , 6.0 0.134 15.8 44.3 6.4
4.4 2 ¥| Western red cedar 5.6 0.166 14.7 39.5 4.5
5. % Y Kiri; paulownia 5.2 0.136 12.1 32.7 11.5
6. % 7 7 Sawara cypress 5.8 0.103 14.9 43.0 6.9
7.7 % < | Japarese red pine 5.5 0.168 14.3 51.9 5.8
8. A7n—=Z | White spruce 5.0 0.117 10.3 34.3 4.5
9. 2 X Japan cedar 6.3 0.170 22.4 45.4 8.8
10. = V' = Silver fir 4.2 0.173 11.3 28.6 16.4
1. » ¥ * Keyaki; zelkova 5.5 0.161 13.5 38.4 13.4
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Photo 8-4

Dispersion traces of dust particles
after spark discharge.

a) : lauan, high bulk density of the
layer. electrode gap width : 2.0 mm
b) . lycopodium, e.g.w. : 2.0 mm
¢) : lycopodium, e.g.w. : 4.0 mm
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BEIRANX—DEHBEICBWGBEERINSG Y, &b
BEELIRANX—EEBETIH S, Thbb, BER
Mic B AEEE—R/ D ER4Oum, WEZ XA LY
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Shock wave

DIAMETER (mm)
=N

Plasma in air

| I ! 1
1078 1077 107° 1075 1074

TIME (s)
Fig. 8-11 Diameters of volumes activated by a

spark discharge (3 mJ, 100 s, 1 bar
in air)”
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RSN, W0 HBEN SIS OIBES L BN
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RO E{LD B % Fig. 8-11712 R L 72, ZHc &
5 &, BEELEES AR (77 X=) 13#200ns TH
BEL C, Bi#&i3109ns £ T1600m/s, $%:&13100us T
10m/s NDEEE THEE L TT< .
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