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Differences in Permeations and Surface Areas of Al,03-SiO, Bricks by

Measuring Methods

Seiji YOKOYAMA, Yoshimoto WANIBE and Hiroshi SAKAO

Synopsis:

The present work gives full details of the permeability and the surface area in refractory bricks among a
series of studies necessary for the quantitative interpretation on metallurgical phenomena concerned with
the pores. The former was investigated by the widely controlled pressure of various fluids and the latter by
the Kr adsorption for the same brick specimens as used previously. The discussion has been ranged to the
differences and the relations among the results previously obtained in the separate measurements. The main
results are;

(1) The pressure method results in the consistent permeability regardless of the kinds of the fluids.

(2) Diffusion contributes to the gas flow through bricks due to the pores with the sizes less than 10
times the mean free path.

(3) The porosimetry results in the surface area which is one and a half time as large as the Kr adsorp-

tion method in case of the bricks.
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Table 1. Chemical compo5ition, apparent and bulk densities,
area S, of the bricks used.

D, and D,, apparent porosity P, and mass base specific surface

Chemical composition*1/wt% Property
Sample
Al,03 Si0; Fes03 D,*2/10°kgm™3 Dy*2/10%kgm 3 P,*2/% S, *3/m’kg ™!
a 61-62 32-35 1.0-1.2 2.92 2.47 15.5 122
b 62-63 *q 3.13 2.45 21.8 74.5
c 92-93 5.5-6.5 0.1-0.2 3.66 3.20 12.6 84.4
d 91 *4 3.59 3.10 13.9 36.7
e 66 31 3.06 2.49 18.6 162
f 71 25 3.06 2.55 16.6 84.8
g 87 11 3.48 2.93 15.8 113
h 95 *4 3.61 1.53%3 57.6%6 —

*1 : Catalogue, *2 : Reference 1,  *3 : Reference 2,

Liquid

Sample
Mercury
manometer

Fig. 1. Schematic diagram of the apparatus for the
permeability of water.
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Fig. 2. Permeation of nitrogen through the bricks.
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Fig. 3. Directional sensitivity of the specific flow rate K’.
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Fig. 4. Differences in the specific flow rate K’ by the gas
species used.

Table 2. Permeability K and specific surface area S%.

Sample
Fluid

a b c d e f g h
1.43|@ 7.71{ 1.17 | 2.37 | 3.00 | 2.12 [0.556| 6.84

N, 115

8.68

K

Stiz| He |1.46] — [1.26] — [3.49| — o.e69| —
co, |1.46] — |1.14| — |2.92] — |o.602] —
Water | 1.21] — lo.911] — [3.36] — [0.548] —
st /m?kg™!  |82.4 | 58.4 |46.0 [28.6 |110 |48.4 |73.5 [191
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Fig. 5. Permeation of water through the bricks.
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Fig. 6. B.E.T. plots of the Kr adsorption for the bricks.
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Fig. 7. Pore size distribution obtained by the mercury
porosimetry, mean free path and pore hydraulic radii; Ry
and R, calculated from the viscous and diffusion terms of
the permeation.
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Fig. 8. Relation between the specific flow rate K’ and the
mean pressure throughout the controlled pressure.

Table 3. Hydraulic radius R,, KOZENY constant %, and tortuosity factor r; subscript 1 is based on the viscous term and 2 on

the diffusion term.

Fluid Ry/pm a b c d e f 4 h
N Ry 0.688 1.35 0.868 0.936 0.911 0.811 0.723 0.772
2 Ry 3.1 4.00 1.17 1.08 2.27 1.58 3.02 5.63
He Ry, 0.695 0.899 0.969 0.793
Ry, 1.11 0.668 1.45 1.38
Ry, 0.695 0.856 0.886 0.756
CO, Ri 2.32 1,52 337 3.04
6.3 6.6 7.9 14.5 2.8 14.2 15.3 32.5
kz 4
5.9
1.6 1.6 1.8 2.4 1.1 2.4 2.5 3.6
T 1.3
1.5
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Fig. 9. Comparison among the surface areas obtained by the
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