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Abstract: The popular fire-extinguisher is the water. However, some kinds of metals, which have
higher oxidation-reduction potential than hydrogen, can react with and get oxygen from water. In this
study, aluminum powder is employed to evaluate the reactivity with water. Aluminum is one of the
metal used most in the world, especially for electronic device's case as aluminum-magnesium alloy.

The reaction of liquid phase aluminum and water is well studied as the trigger of phreatic explosion,
which is physical explosion caused by rapid heat transfer from aluminum to water and vaporization of
water. In former days, those accidents were described with only phreatic explosion and temperature of
aluminum is the main factor. Recent investigation showed another cause of the explosion. The melted
high temperature aluminum is easily distributed in air as droplet in response to the pressure rise of water
vapor. As the consequence of mixing of air and aluminum droplet, that makes the surface oxidization of
droplet. Therefore, inside of droplet was vaporized by the heat of the surface oxidization. Fog drip
explosion, which is the phenomenon that increased inner pressure breaks up an surface aluminum oxide
layer, is caused.

This study gives an another scenario of the accident with aluminum and water. In this paper, the
experimental result which was measured the explosion characteristic of the aluminum powder under
water vapor atmosphere with the 1.0L small-scale explosion container was reported. From this result, it
was turned out that even if it was not under high temperature which melts aluminum, and even if
oxygen was not contained in atmosphere, when there was sufficient ignition energy, the aluminum
powder can cause the explosion with the reaction with water vapor. When this type explosion was occur,
hydrogen would be produced. Leakage of this hydrogen could be also another accident.

It is also reported that explosion properties of aluminum powder in air and water vapor mixture
atomosphere, comparing to in air only. The big feature is that both the pressure and pressure rise rate are
higher at the excess amount of aluminum powder.
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Fig. 1 Schematic view of experimental setup.
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Table 1 Experimental condition.
EERREHF
EEBIRE (O 80 100 120 150
JKZRSUTE (kPa) 47 101 200 482
IKFRSIERE (Vol%) 9.4 20 40 100
101kPa FTHES (C) 45 60 76 100
AR 101kPa 1L O A1 &8 (g) | 0.295 | 0.315 | 0.364 | 0.518
B pEueR 101kPa 1L O AL 4E (g) | 0.261 | 0.247 | 0.234 | 0.218
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Fig. 2 Typical pressure profile of aluminum dust

explosion.
BRI IR E S1EAZ(80C, 7V I =7 L,0.7g,
EREAFER)

BNDFREIE TS 728, TILI =T LBaHEPL
THDER 7 DIRE D+ ISk & < 7 - 720, RO
TR ASHEB ZIRREIC 5 Th D, Z O & &4 HIE
MzEH272DThILEEILND. ZOBRRERE
W72 RERA £ EIZ X D, 80 'CA 5120 ‘ClZin
T, 7A=Y AR KEELIGA IS TET BRI,
Kand 51E5 N WAEABH 5 E0NT 5.

150 ‘CTT N I =0 AR AR AR ICANTISXAE
W2 Y o B KRR EEAT B REEET 5720,
KOBAIFTERIFIRZLE L 50 o 72, BARRE T
L 72 KPR BARNIZIRAT S Z &, KA o
SV I NTWITE L 725 NE B IS NERD K 7 D Wil 12 &
DHIHDNBZ LD _OHEKTHS. LrLaLrs,
RIS KT b, KD TORERBFREED
PR R AEANE, Fig.8(d) 7 St AHlE Z LM TE S,
WiRe e AKZER P TIE, oStk D FER & IR TIRA A



PEREL EMTIERT R IDTZEE S NITS-SRR-NO. 29 (2004)

0.7
/_\06 ® B c o ° 8 g L] S
= 0.5 o -
D
Em: "
7]
0 0.3
=W A
§ 5 o Air
Ao | ® Air+Water Vapor

0! ce
0 0:5 1 15 2 25 3
Amount of Charged Al(g)
(a)80 C
0.6
[ ]
EO.S g 5 ) L -
204 °
= e
5
“203 |
&
w02 | o Air
S
Ao e Air+Water Vapor
0L oo
0 1 2 3 4 5 6
Amount of Charged Al(g)
(c)120C

0.7
0.6 | °
o . 5 s
o s °0 B Q ‘ (o] o
= .
[1P]
Em:
$03 |
~ .
guzi 2 AlE
A1 ® Air+Water Vapor
0 o8
0 1 2 3 4 5 6
Amount of Charged Al(g)
(b)100 C
0.7
® ®
_06 |
&
Sos | o ¢
D o
*é 04 | o
$03 | 7
~ A
§ 3 | o Air
= e Water Vapor
oL o ' e e
0 1 2 3 4 5 6
Amount of Charged Al(g)
(d)y150 C

Fig. 3 Peak pressure of aluminum dust explosion.
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Fig. 4 Pressure profile under water vapor atomosphere
of aluminum dust explosion.
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Fig. 5 Maximum pressure rise rate of aluminum dust explosion.
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