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Penetration Behavior of Molten Metal into Porous Oxides

Taishi MATSUSHITA and Kusuhiro MUKALI

Synopsis : This paper reviews recent developments on experimental methods and results of molten metal penetration into porous media and its theoreti-

cal achievements. Several selected topics are focused on, including experimental procedure, threshold pressure, penetration behavior, time

dependence of penetration height, ctc. studied by authors. And several interesting results of some researcher, including spontaneous penetra-

tion, influence of atmosphere or surface treatment on the penetration behavior are also highlighted. On the experimental method, authors have

recently developed a new observation method of penetration of molten metal into porous refractory. The penetration behavior was observed

by using X-ray radiographic apparatus. On the theoretical achicvements, the data for penetration height were analyzed based on a capillary

model in which a labyrinth (or tortuosity) factor was introduced, that is, a modified capillary model. The penetration behavior of molten

metal was predictable based on penetration behavior of mercury. And some countermeasures to suppress or accelerate the penetration of

molten metal into porous media was suggested.
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1: X-ray CCD camera
2: AL, O;5 crucible
with a hole in the bottom
3: Water-cooling cap
(upper)
4: Thermocouple

9: LaCrOj heater

10: Specimen (Porous refractory)
11: Moiten metal

12: Al,O5 crucible

13: X-ray generator

14: Graphite plate

5: Iron rod 15: ALO; support

6: Pulley 16: Water-cooling cap
7: Load (lower)

8: Gas outlet 17: Gas inlet

Fig. 1. Schematic diagram of experimental apparatus for
directly observing the penetration of molten metal
into porous brick.
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Table 1. Average diameter of particles and results of the infiltration experiments at 750°C.
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S AP: [105Pal
A 7.5 21.70
B 13 12.35
C 26 Al 6.90
Sic D 30 6.50
E 44 4.80
F 51 4.05
F 51 Al-1wt%Pb 2.80
G 1586 1.95
Al1:203 H 20 Al 10.50
A I 31 5.5
TiC
I 31 Al-1wt%Pb 3.90
FRSRBREZ S KV, Z0O2, EOREENEEM E 40
FTHXREVPHE B DO L 0D FUTHEY G 20 5. ih ~ 35 ¢
PEAVIR RIS 3000 THEN 43238 & 4 B 72 S B R 0D R o
" _ +
ENIE D Z & %R ES] (Threshold pressure & % WM & ® 25 f
Critical pressure) &I T 5, 220 -
REXHLEBE L TAl (WE9.98%L L) H&U s
ALPbAEE . BILVES ¥ T L LCHERICSIC, TiC, 510 -
+
ALO, (a-7 3 F) EkEGED=H v TN ERWZRY U2 S ° 1 o o °°
B BEERES % Table 1 127K, Table | 7 5b7 5 &5 ~ s ;6 3£ . 45 »
2, BREHAP L, KTOEIKEL 5 BI1FEED, ' ' ' ' '
REETI AP, RFORIRELS 5 External pressure, AP,/ 10°Pa

REFBOBRIFBERNFOBE» BRI NS 2 EH

Fig. 2. Infiltration height as a function of applied pressure
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Fig. 3. Infiltrated height as a function of the square root of
the infiltration time. SiC particle B of Table 1,
AP,=13.05X10°Pa, and TiC particle I of Table 1,
AP, =590X10°Pa. Infiltrating medium is alu-
minum 99.98%; T=750°C>.
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and its calculated value from Eq. (7)*'%.

SDP
— Calculated from Eq. 7
25! @ Exp. value
Z0
15
10
E *
E 5
~ b
<
o 0.5 1 1.5 2 Z.5 3
Penetration time, t/s
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Fig. 8. The characteristic X-ray image of a penetrated
sample. Metal: mercury, Temperature: R.T.
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BEEICHWESILEER (K-35 2hAd) 7k

Table 2. Chemical composition and physical properties of the porous refractory specimens'?.

Material A B C |
Al203
content 91 90 91
[mass %]
S102 content 7
[mass %] 3.2 7 3
Apparent
porvaity %] 17.5 30.1 33.0
Permeability
[¢c. &¢. 81 1.0 1.2 3.1
Pore size
distribution
(< 75pm 40 6 8 30
‘ radius)[%]
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Fig. 9. Variation of penetration height of molten metal into porous refractory with external pressure. (a) Metal: Hg (298K). (b)

Metal: Ag (1273K). (c) Metal: Steel (1843K).
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