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Measurement of Pore Sizes and the Distribution in Al,03-SiO, Bricks by

the Mercury Penetration Method

Seiji YOKOYAMA, Yoshimoto WANIBE and Hiroshi SAKAO

Synopsis:

The present work aims at quantifying the sizes and the distribution of pores in bricks among a series of
various investigations for the characterization and the suitable evaluation of the pore nature. The measure-
ments were carried out for mercury-refractory contact angle by the break-through pressure method and for

the pore sizes and the distribution by the mercury porosimetry.

The discussion has been based on the hyd-

raulic radius without any models assumed for the pore texture. The results are;
(1) The contact angles of mercury-alumina and-mullite are 2.54 and 2.44 rad, respectively.
(2) A good agreement is shown in the water absorption values measured by the mercury porosimetry and

the water displacement in vacuum.

(3) Among the representative radii for the pores in the bricks, the smallest is the mode one, the larger
being the area mean, the median, the volume mean in this order, but the area mean radius is not always lar-
ger than the mode one. The cumulative volume at the volume mean pore radius is 2.2 times as large as that

at the area mean one.

(4) The composite weibull distribution can be well adapted to the accurate expression of the pore size

distribution in the bricks.
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Fig. 1. Schematic diagram of the experimental apparatus
for the contact angle measurement by the break-through
pressure method.

Table 1. Chemical composition and dimension of the capillaries used.
Capill Chemical composition* wt% Cross section
apiiary Aly03 Si0y CaO NayO B»03 Area/mm?® Perimeter/mm
Alumina 99.5 0.1 — 0.05 — 0.57439 2.6879
Glas 2.3 80.9 4.0 12.7 0.44559 2.3688
Mullite 55 41 0.6 0.4 - 0.58503 2.8087
S
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Table 2. Chemical composition, water absorption 4,,, and apparent and bulk densities, D, and D, of the refractory bricks used.
Samol Chemical composition*1/wt% Property*2
ample AlLO3 Si0; Fes03 Au/% D, /10%kgm™3 Dy /10%kgm ™3
a 61-62 32-35 1.0-1.2 6.3 2.92 2.47
b 62-63 *3 8.9 3.13 2.45
¢ 92-93 5.5-6.5 0.1-0.2 3.9 3.66 3.20
d 91 *3 4.5 3.59 3.10
e 66 31 7.5 3.06 2.49
f 71 25 6.5 3.06 2.55
g 87 11 5.4 3.48 2.93
h 95 *3 37 7*6 3.61 1.53%5

*1: Catalogue *2: Reference 3 *3: Balance
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Fig. 2. Verification of the dynamic effect on the contact
angle.

L)
E o
by
Q /-2‘ ! -O-
\" -
-
s o 9
o 1 1+
ﬂ-o <,f
.(9 Io
0_0; Sample a
0 — B0 10 ®0 200
Pressure/MPa

Fig. 3. Representative intrusion and extrusion curves
obtained by the mercury porosimeter for mesopores.
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Fig. 5. Comparison between the water absorptions obtained
by the porosimetry and the water displacement method®.

Table 3. Maximum intrusion volume V,,., representative hydraulic radii, mass base specific surface area S, and cumulative
volume fraction at mean pore radii; Ry, is the mode radius; R, the area base mean one; R, the median one; R,, the volume

base mean one.

Sample V maz /10 om%kg 71 Rimo/ 1t  Rpe/ptm  Rpme/pm  Rpp/ pm S,./m’kg ! V/ Vyax at Riq at Ry,
a 6.48 0.507 0.533 0.635 1.12 122 40 85
b 8.53 1.20 1.15 1.93 2.43 4.5 26 64
c 4.28 0.546 0.509 0.667 1.81 84.4 37 84
d 4.47 0.855 1.22 1.40 2.44 36.7 42 75
e 7.41 0.246 0.457 0.773 1.38 162 30 77
f 5.96 0.397 0.708 0.916 1.72 84.8 38 76
g 5.41 0.425 0.448 0.521 1.07 113 40 93
h 5.96 — - — — — —
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the mode one and R;, the volume base mean one.
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Table 4. Parameters of the composite weibull distribution ; Ry, is the location pardmeter ; R, the scale parameter ; &, and &,
the pore hydraulic radii R, of the lower and upplication limits, respectively.

Region 1 Region 2 Region 3

Sample | Ry | Ru | O G2 | R | Ry o1 0| 9 | Ru Ris m | SL | &
#m Hm #m pm #m #m Hm pm 24m #m Hm #m

a 0.045 8.2 0.93 0.0467 0.181 0.18 0.62 1.41 0.181} 1.10 0.18 0.037 0.25 1.10 28.5

b 0.00 3.7 1.58 0.0568 0.510 0.00 2.3 1.89 0.510 | 3.85 0.00 0.37 0.40 3.85 29.1

c 0.040 1.7 1.31 0.0518 0.220 0.20 0.64 1.12 0.220 1 1.10 0.20 0.11 0.23 1.10 30.4

d 0.15 21 1.00 0.151 0.410 0.40 1.4 1.36 0.410| 2.20 0.00 1.4 0.65 2.20 30.4

e 0.020 1.8 1.22 0.0274 0.150 0.10 0.95 1.18 0.150 | 2.20 0.00 0.095 0.30 2.20 29.1

f 0.010 0.51 3.90 0.0560 0.300 0.25 1.0 1.03 0.300 2.85 0.00 0.51 0.47 2.85 29.7

g 0.15 0.67 1.98 0.162 0.300 0.20 0.41 2.20 0.300] 0.840 0.50 0.0032 0.18 0.840 | 29.7

Table 5. Representative pore radii R, and mass base spe-
cific surface area S, calculated on the basis of the compos-
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