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ABSTRACT

In order to fabricate double-layered porous materials powders of different particle sizes were pressed stepwise. Ford's equation which
predicts the fired density with the change in pressed density was employed in order to adjust the difference in sintering shrinkage of
the green body with double-layered porous structure. Double-layered porous materials were characterized by investigating
microstructures and permeability. SEM micrographs showed the distinct difference in pore sizes of double-layered porous material.
Permeability of single-layered porous material increased by increasing the starting particle sizes and porosity as well. Permeability of

the double-layered porous material depends largely on the layer of small pore diameter.
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Table 1. Chemical Composition of Alumina Powder*

Grade Fine Particle Coarse Particle

Qualitative data AM-27 ALM-44 AM-21 A-21
H,0 (%) 0.11 0.07 0.2 0.03

LOL (%) 0.20 0.06 0.05 0.04

Chemical Fe,0; (%) 0.01 0.01 0.01 0.01
composition Si0, (%) 0.01 0.05 0.02 0.01
Na,0 (%) 0.24 0.02 0.26 0.24

ALO; (%) 99.7 999 99.7 99.7

*Provided by manufacturer
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Fig. 1. The variation of the density increase (Dg—Dp) with the
pressed relative density(Dp/Dy) for AM-27, ALM-44,

AM-21.
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Fig. 2. The variation of the density increase (Dg—Dp) with the
pressed relative density(Dy/Dy) for A-21 with O-

5.0 wt% flux.
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Fig. 3. The variation of the volume shrinkage with the pressed
density for AM-27, ALM-44, AM-21 and A-21 with 0-
5.0 wt% flux.
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Table 3. Combination of Fine/Coarse Powders for Double-layered Porous Materials

A-21+5.0%flux 50
A-21+0.5%flux 50
A-2140.5%flux 50
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Fig. 4. Schematic diagrams of sample chamber for the measurement of permeablity in Z direction (a) and X-Y direction (b).
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Fig. 5. Variations of pressure drop-flow rate for porosity.
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Fig. 6. Variations of pressure drop-flow rate for powder size.

Fig. 7. Schematic diagram for double pore structure.
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Fig. 8. Variations of pressure drop-flow rate for different
directions.
1. Z direction for double layer pore structure.
2. Air flows from X-Y direction to small pore size layer.
3. Air flows from X-Y direction to large pore size layer.
4. Z direction for single layer pore structure(AM-21).
5. Z direction for single layer pore structure(A-21(0.5%
flux)).
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Fig. 9. Pore size distribution of several porous materials.

Table 4. Average Pore Diameter for Single-layered Porous Materials
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Fig. 10. Pore size distribution of double pore structure mater-
ials made by ALM-44+A-21 with 0.5%flux.
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Fig. 11. Pore size distribution of double pore structure mater-
ials made by AM-21+A-21 with 0.5%flux.

e e UERE ¢ 7t o1 E 48 AM- 2]
# A21(05%flux)E2 o]FR olF 7FTFERE Ze ¢
TA A8 A$(Fig. 1)o1= tHARZ Ve o)
o) AdtoA daiue] Frv e T 2Ho B
& AHgst o)F JIFTEE ZAe U3 d AEE Ax
g A5 Age vAzAE A3 FESHA 43 mercury
porosimetry ¥4 W02 o]F 7F1TRE 0T T U
< ¢ F Atk

Fig. 128 98829 F7)7} 08 g AlL3le] A
2% 9 7FFRE 2 g3 E AR AXNGHZERZ
olt}. 1L AWEY JSELY /|7t TIMEFE A
g el AgEe 7139 2717 78 &S ¢
AL, Ag AR AA g 7IFERE 7KL A
£ ¢ T Utk

Fig. 132 8899 A7/t 22 ALM-449 Y8FT
91 A717F 2 A210.5% flux)E AMg-3le} Az o)F 7)

TZE 72t 33 A89 SEM @ 23] Apglelth

:Lf’é S AHBEA A5 FFL 7TV FHA Ee
718377t & °olF 71T TERE VKX USE ¢ F U
ok B ZF 379 a7 HEol # olRojA S &
T AUtk

% 4>

4.d =

JAA717 GE dFry B2, 25, 4, 50pum)S A
g o] Wald e ié Az o] WslE d&sie
Ford's equation$S ©]8-3lq Z} AEF T LFFSFHEF
& o3& B8, Yzt=717h 3}% FaE3 & B39
22 FE5AF0] BYF B 2L AP 0)F 7
TTZE Ze g3AANE Az

gdd 2 olF /FTEE /e oEd A8 7

A 394 A 10 3.(2002)



026 S5E - EE - 9T

(© | @

Fig. 12. SEM micrographs for several porous materials having different pore sizes sintered at 1600°C for 3 h.
(a) AM-27, (b) ALM-44, (c) AM-21, (d) A-21 with 0.5%flux.

(@ (b)
Fig. 13. SEM images for double pore structure materials made by ALM-44+A-21 with 0.5%flux.
(a) low, (b) high magnification.

= 242 243 A3 4a¥De) 27} es, REFERENCES
71380 FMEFE 571k 540l FYEE ¢+ 3
At =3 o)F 7)FTTERE ZteE 03E AEY 2S¢ 1. S. Togo, M. Okano and Y. Akiyama, “Experimental Study
7% EXL 272 Ao JTIIE 2= =9 gge w on Externally Pressurized Porous Gas Bearings,” Lubri-
= Aoz Uk cation, 17 [6] 360-68 (1972).

» HEPS 2. S. Togo, Guidebook of Air Bearing Design, Kyouritsu Pub.

=42 st



V% Fl5Tag

Ltd. Co., 2002.

. T. Iwato and S. Yoshomoto, “Static and Dynamic Char-
acteristics of Circular Aerostatic Porous Thrust Bearings,” J.
of JSME, series C, 62 [593] 276-83 (1996).

. W.F. Ford, “The Effect of Initial Density on Fired Density,”
Trans. Brit. Ceram. Soc., 75, XV (1976)

. H. D. Kim and W. F. Ford, “The Effect of Pressed Density
on Fired Density of Alumina Compacts,” J. of the Kor.

opAEAe] Az 927

Ceram. Soc., 19 [2] 115 (1982).

. N. Gupta, “Determining the Pore Structure of Individual

Layers of Multi-layered Ceramic Composites,” Ceram.
Industry, 24 (2001).

. International Standard ISO 4003-1977 (E).
. A. W. Paul and C. Orr, “Analytical Methods in Fine Particle

Technology,” pp.155-91, Micromeritics, USA, 1997

. International Standard 1SO 4022-1977 (E).

A 394 A 10 £(2002)



