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Effect of Salt Additives to Water on the Severity of Vapor Explosions
and on the Collapse of Vapor Film

Takahiro ARAIT and Masahiro FURUYA'

Abstract

We proposed ultra rapid solidification and atomization technique, CANOPUS (Cooling and Atomizing based on
NOble Process Utilizing Steam explosion), using small-scale vapor explosions to make an amorphous metal. The
CANOPUS method is suitable for rapid cooling and atomization process, which utilizing sustainable small-scale vapor
explosions. In order to apply the CANOPUS method to a high melting point metal, it is necessary to make a
small-scale vapor explosion occur at a high temperature of the molten metal. Small-scale experiment is conducted to
develop the vapor explosion promotor in which spontaneous vapor explosion can occur at a high temperature of a
molten metal. Spontaneous vapor explosion do not occur when water at 80 °C is used as a coolant. However,
spontaneous vapor explosion occurs when water at 80 °C with salt additives is used as a coolant. ~Specifically, lithium
chloride solution generates spontaneous vapor explosions at the highest temperature of the molten tin in the experiment.
In order to clarify the triggering mechanism of the spontaneous vapor explosion when the promotor is used as a coolant,
a high-temperature solid stainless steel sphere is immersed into a coolant. The interfacial temperature of the stainless
steel sphere is measured, and the behavior of a vapor film around the stainless steel sphere is observed with a digital
video camera. As a result, salt additives resulted in an increase of quench temperature in all salt solutions. The
quenching curves of each coolant indicate that the salt additives improve the film boiling heat transfer. The
improvement of the film boiling heat transfer causes an unstable formation of the vapor film and a rise of the quench
temperature. It is clarified that the salt additives to water promotes a vapor film collapse. Comparing two
experiments, the quench temperature of each solution is in close agreement with the upper limit of the molten tin
temperature that causes spontaneous vapor explosion. This result suggests that the vapor film collapse triggers
spontaneous vapor explosion.
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Fig. 3 Schematic of experimental apparatus for

small scale vapor explosion.

IMEIFICI, ZORESSSTZDICT T T REAS
NCWb., 2077 FNEICIF I 2 £ 7 K 3 —
ABER A SNTEY, ZOBEOfREE
WREVIREE & LT, 72, BHM 7 — i — 28 200
mm, KEIX 450 mm & L=, BEAM 7 —L OIREH]
X~ 7 ne—%—% . T NIREE
K H S — 2BGERNC L - THEIL, Z O HMEIC
SNWT~A 7 v b —H—~DANJJEE % PID 43
5T, FTEDIRE MR L

FEBRFIEEZ L TFIORT. EFTHEAM T — L 2E
DIRERFTT 5. 20%, BHanEh, WL, o
EDREICELTLELLLEZATT 77 %25 &k
x, WMAM T — VR FESEDH. 20 L ORI
ZRENL BT 44 A T (Panasonic £, SDR-S100)(Z K
STT— il L W BE Uiz, IREAMIE, R
FE 30 fps, ¥ % v #—HE 1/8000s & L7z,

2.3 EER&EH

Table 1 |ZEBRFM2/RT. HHEFPHEEIL 80 C—
EEME L, BERSHIRE L 50 CRIBCALs®D
LTk T, BRRBENRETIRBMBIEED L
[MEZ RO 7. EEEHIXER 3 mm O AL
TEERE 400 mm [T F &b, 7ok, BEFEOMHA
& DR X OKIRROE N OFEELEFTMT 5720
(2, BEfFORFZE TRV HAL TV KRR L OSE R
L= OKEIE 2 -, BEERKIBROFREED
AL, BRSO CNCEBERICBT 2 EED
BEIZIVHBILZ. 2T, HREAEKIBEREN
AT HAKED 50 mm KV EWVIEAICITE RAIK
RBREOHY MBI L. WIS, BREKUBEREIK
P 50mm L VIEVNLE CRE LZHAES, vENERE
SFHENELEZLDE LT, BENARTBRERLE

-
(-

Table 1 Experimental condition.
Test metal Tin (m.p.:231.9°C)
Initial temperature of molten 280—1200°C
metal
Mass of molten metal 50g

CaCl, solution
NaCl solution

Coolant LiCl solution
MgCl, solution
Water

Concentration of solution 20wt%

Initial temperature of coolant  80°C

Falling distance 500mm

Nozzle diameter d3mm
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Molten tin temperature : 500°C
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Fig. 4 Effect of salt additives to spontaneous vapor explosion.

Table 2 Upper limit of molten tin temperature on
spontaneous vapor explosion.

Coolant
(Concentration of solution:20wt%)
(Temperature of solution:80°C)

Upper limit temperature
range of spontaneous
vapor explosion (°C)

Water No explosion
MgSO;, solution 450
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Table 3 Experimental condition.
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Coolant MgCl, solution
MgSO, solution
NaNO; solution
Water

Concentration of solution 20wt%

Initial temperature of 80°C
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Fig. 7 Effect of salt additives on vapor film collapse.
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Fig. 8 Quenching curve of stainless steel sphere.
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Fig. 9 Cooling rate of stainless steel sphere.
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Fig. 10 Surface heat flux of stainless steel sphere.
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Fig. 11 Effect of salt additives on quenching curve.
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Fig. 12 Relationship of quench temperature to upper
limit temperature range of spontaneous vapor
explosion.
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