— 49 —

Specific Research Report of the Research Institute
of Industrial Safety, RIIS-SRR-NO.12 (1993)
UDC 614.83:614.838:622.411.5

7. 774 %5307 280K L ARG RES
INEID b

7. Dust Explosibility of Fine Ceramic Powders*

by Toei MATSUDA**

Abstract; The explosion characteristics of fine ceramic dust/air mixtures have been investigated
experimentally. All tests were conducted at initial pressures of nominally 1.0 bar in a 30¢ spherical
explosion vessel. Fine ceramic powders of non-oxide compounds, which falls in four groups of
carbides, nitrides, borides and silicides, were used. Average particle sizes of the dusts mostly
lay between 1 and 10 gm. The explosion parameters measured for each test were the lean limit
of explosibility, the maximum explosion pressure and the maximum rate of pressure rise. The
lean limit of explosibility was defined as the minimum concentration of dust in a cloud required
to sustain the flame propagation, and obtained from the longest value of the time to a peak
pressure, reflecting the slowest flame propagation from the ignition source to the vessel wall.

The results of these tests are presented in Table 1. Among 29 kinds of dusts, 22 kinds including
heavy metal compounds were ascertained to have dust explosion hazards when dispersed in the
presence of an ignition source. Carbides of titanium, vanadium, zirconium and niobdenum were
found to show violent explosions in the dust clouds with high values of the maximum pressure
rise rate. Tungsten compounds of silicide and boride could not be ignited, but the tungsten
carbide with mean particle size of 0.7 pm exploded in the test with a 10 kJ pyrotechnical ignitor.
The influence of effective ignition energy on the maximum rate of pressure rise and the lean limit
of explosibility was studied, and discussion was made on the relationship between the enthalpies
of complete combustion reactions and the explosion parameters obtained.

Keywords; Dust explosion, Fine ceramic powder, Lean limit of explosibility
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Table 1 Explosion characteristics of some fine ceramic powders dispersed in air
353y o AEMBOB U ARRISEE
Average Lower Maximum Time to peak
Ceramic Powder (formula) particle limit of explosion Ko pressure
diameter explosibility pressure
(m) (s/m®) (bar)  (barm/s)  (ms)
Titanium Carbide (TiC) 1.3 130 7.5 239 25
Vanadium Carbide (VC) 1.5 140 6.8 222 24
Zirconium Carbide (ZrC) 2.3 150 7.8 287 24
Niobium Carbide (NbC) 1.1 190 7.1 190 30
Molybdenum Carbide (MozC) 34 410 5.3 72 50
Tantalum Carbide (TaC) 2.3 2,310 6.0 38 104
Tungsten Carbide (WC) 0.7 780 4.2 21 135
Titanium Nitride (TiN) 1.6 290 6.0 87 46
Vanadium Nitride (VN) 6.6 1,460 4.2 161 69
Chromium Nitride (Cr2N) 6.0 1,580 4.9 141 44
Zirconium Nitride (ZrN) 5.8 380 5.8 56 72
Niobium Nitride (NbN) 7.3 - - - -
Tantalum Nitride (TaN) 3.3 - - - -
Titanium Boride (TiB2) 2.4 140 6.2 131 33
Chromium Boride (CrB) 9.1 200 4.7 40 79
Zirconium Boride (ZrB2) 2.0 270 6.7 140 37
Niobium Boride (NbB5) 1.6 360 6.1 70 54
Molybdenum Boride  (MoB) 4.4 - - - -
Lanthanum Boride (LaBe) 1.6 220 6.9 127 44
Tantalum Boride (TaB3) 0.9 440 6.3 80 49
Tungsten Boride (WB) 3.6 - - - -
Titanium Silicide (TiSig) 3.2 630 6.2 39 90
Chromium Silicide (CrSia) 3.3 520 6.4 76 56
Zirconium Silicide (ZrSiz) 3.3 150 7.6 241 26
Niobium Silicide (NDbSiz) 4.1 500 6.1 56 67
Molybdenum Silicide = (MoSiz) 3.9 - - - -
Tantanum Silicide (TaSiz) 3.2 610 5.7 46 86
Tungsten Silicide (WSiz) 3.3 - - - -
Silicon Nitride (SigNy4) 0.6 - - - -
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Variation of explosion pressure and time to peak near lean limits
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