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Ignition Characteristics of Zirconium Dust*
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Abstract . Zirconium metal dust is pyrophoric, highly combustible in its dry state, and has a great affinity
for oxygen at elevated temperatures. The wide use of zirconium has been found in industry and the most
important use of the material is in nuclear reactors for cladding fuel rods. It has been considered that fire and
explosion risks of zircaloy (98 wt.% Zr) may be expected when cutting nuclear fuel rods in a reprocessing
plant.

Zirconium sample dusts, prepared by dehydriding process from hydrogen-absorbed metal zirconium,
have been used to examine some ignition sensitivity properties.

A thermo-gravitational analysis was made in air with variation of heating rates. The sample dusts
showed S-character type weight increasing curves to the final oxide product, but when the heating rate was
mostly higher, a small ignition was observed in the oxidation process. The ignition seems to be caused by
oxidation of the upper layer of the dust in an open cell, following that of the lower part of the dust.
Accordingly, such a thermal analysis using micro-quantity of sample dust in the capsule-type cell wouldn’t
be appropriate to evaluate actual ignition hazards of pyrophoric metal dusts. For layered dust, macroscopic
ignition temperatures were then measured on a hot plate with a variation of depth of layer. The data have
been interpreted with a thermal theory.

It is found in the proceeding literature that the ignition of a dust cloud of zirconium is capable to occur
at a room temperature. This fact gives us a question whether a quiescent dust cloud of zirconium will be
ignited spontaneously at normal temperature. Using a Godbert-Greenwald furnace apparatus, ignition
temperatures for dust clouds of zirconium were measured in air for water-contained sample dusts and for
mixtures with zirconium oxide dust, respectively. Effect of oxygen contents on the ignition temperature was
also studied in nitrogen-diluted atmospheres. All these suppressing factors of water, the inactive dust
(zirconium oxide) and nitrogen abruptly raise the ignition temperatures from room temperature to higher
temperatures. From these findings, it was estimated that there are two ignition modes involved in the ignition
of zirconium dust clouds. After successful ignition tests of a dust heap of small quantity by a blast of
compressed air, it is concluded that ignition of zirconium cloud at room temperatures is caused by friction in
the furnace apparatus and that thermal ignition of the dust cloud could occur at a temperature of 300 to 400°C
in air. As far as the furnace apparatus is used for the measurement of ignition temperature for a dust cloud,
the ignition temperature could be found to be a room temperature. Dry zirconium dust is very sensitive to a
spark, for ignition energies both for a cloud and a layer are too low, in accordance with previous values.
Although the dust has a comparatively low ignition temperature, it will not ignite spontaneously at a room
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temperature for a form of dust clouds.
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Fig. 1 Particle size distributions of zirconium and zir-
conium oxide powders used
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Table'l Data of thermal gravitational analysis for
standard sample dust.
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Heating  On-set temperature ~ Weight of Ratio of
rate of weight gain sample dust  weight gain

(*C/min) (C) (mg) (Wt.%)
5 322 12.35 32.0
5 282 12.22 33.1
5 261 7.83 33.8
10 281 16.71 30.7
10 280 17.11 -
10 242 17.42 34.4
20 304 11.97 35.9
20 357 11.24 34.9
20 270 12.54 34.6
20 340 12.39 26.0
30 267 11.49 32.8
30 325 10.37 35.6
30 250 13.02 34.9
- 40" 257 26.69 -
40 302 7.42 34.2
407 244 18.13 -

(*1) Small ignition at 438°C, (*2) Small ignitions at 467 °C and 644°C
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Fig. 2 TG-curves at some heating rates for smaller-
sized sample dust.
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Table 2 Thermal gravitational analysis data for smal-
ler-sized sample dust.
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Heating  On-set temperature Weighf of Ratio of
rate of weight gain sample dust  weight gain
(*C/min) ) (mg) (wt.%)
281 11.32 34.5
253 15.40 34.2
10 309 9.72 33.8
10 266 10.68 33.2
15 280 9.73 33.2
15 230 15.43 33.6
20 286 10.66 33.5
20 256 11.85 33.8
25 275 10.29 33.9
25 269 7.84 32.9
30" 230 10.64 34.1
35°% 258 15.01 34.6

*1) Small ignitions at 460°C and 600°C during heating-up,
*2) Small ignitions at 415C and 578°C during heating-up
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Fig. 3 Relationship between ignition temperature and
depth of dust layer.
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Fig. 4 Effect of zirconium oxide ratio of the mixture on
ignition temperature of dust layer on a hot plate.
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Fig. 5 Ignition temperature for zirconium dust cloud vs.
oxygen concentration in nitrogen-diluted air.
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Fig. 6 lIgnition temperature for zirconium dust cloud vs.
water-contents of the zirconium sample dust.
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Photo. 1 Explosion of zirconium dust by a blast of air.
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(2) —EBEWIEL - &BRE B EERR O H#ER
¥ (v7ul) 2EELLEBEOFRKEREIX, #
BHOEACKELTETT 22, 5 mmEA
DHFE22C, 20mmBE A D EH23FCTH-
720 NIEMR _E ORI CB{EYIPREE T 5 &, B
BEIEPETIEECRABEZE L2, 20
BERBFEKERIC I > TFHITE 3,

(%) ZBIH BT 2 FER CADFKKRE L, 1EC
BRETCEDBAEERICE B BRI %, FET
FKTHOEIBEREELRETHRHT 2700, 20
WETH CAVEERAT IERLFEZ N,
UTehs-> T, BREINZRSEIC & & Tk 2 B
ERDIENTENE, BKEERZLEIEVE
B (300~400°C) TEAMBRALAIFEK (BiRWCBITS
FREBILICONER) &£ U 2SR D %,

(4) BEFREEGDTRICBT 23ED CADFKBE
%, BEBENKRDZFNCIEI CONTHE
BEALERT, Zhid, EEROELBET %,

(5) B CADOFKKEBER, ABR&EHED 15wt.%
KOEEERE TIE, 300CETKRSEICHAIL T
Bl b, 127120, BEEMOBEEE, EEOLD
WRBICERICTR 5,

6) YnvazvrBcBgbyva=— v L1mERREELE
R CADFKEER, BEYVa=Y ADE
ERGEHEP OB UTTHNIIERTH 27,
50% Tl AW EF L 400CU ETH 3, 90%T
b, BBREKT S,

(1) BEH CADRNRKTZANVE —IX, T THEH
L7-HEEE (MIKE3) CTHIFEAEER = 5V
F—OR/ME (<1m]) 2RLT, HEBEHOK
INBEK T ANFE =X, BUL, HEEECHEN
BE7E/IME 0.8 m] THFRAK LTz,
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