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ABSTRACT

In order to develope the porous alumina ceramics with high strength, the pore characteristics and compressive strength were
investigated in terms of relation to the conditions of spark-plasma sintering and the contents of graphite as a pore precursor. Porous
alumina bodies were successfully prepared by spark-plasma sintering and burning out graphite in air. High porous bodies were
fabricated by sintering at 1000°C for 3 min under a pressure of 30 MPa, heating rate of 80°C/min and on-off pulse type of 12 : 2. For
example, alumina bodies prepared by the addition of 10~30 vol% graphite showed high porosity of 50~57%. Also, the open porosity
increased with graphite content. The relationship between pore characteristics and graphite contents could be explained by percolation
model depending on cluster number and size. Porous alumina bodies prepared by the addition of 10~30 vol% graphite showed the high
compressive strength of 55~200 MPa. This great improvement in strength was considered to be mainly due to the spark-plasma
discharges and the self-heating action between particles.
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Table 1. Composition and Symbol of Specimens
Al O; (vol%)  Graphite (vol%)

Symbol of specimens

100 0 A

90 10 AGl1
80 20 AG2
70 30 AG3
60 40 AG4
50 50 AGS

Table 2. Conditions of Spark-plasma Sintering

Factor Condition
Pulse Type (On/Off) 12:2,1:1
Pressure (MPa) 30, 50, 70
Heating Rate (°C/min) 80, 160, 240
Temperature (°C) 900, 1000, 1100

Holding Time (min) 3
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Fig. 1. DTA-TGA curves for alumina containing 30 vol%
graphite particles acting as a pore precursor (in air).

& o-ALO,
(0) . . . V Graphite
. o . . +
= 4 ~
5 {(c)
P . I + .
2
& 1 L X k 23X .
£ 1) R
c .
2 . .
<
= @) I
i e 1 L. i L
20 30 40 50 60 70 80
29 (deg)

Fig. 2. XRD patterns for starting powders and sintered speci-
mens prepared by SPS (beating rate 80°C/min, pulse
type 12 : 2, holding time 3 min) (a) graphite powder, (b)
ALO; powder, (c) as-sintered AG1 specimen and (d)
after heat treatment of AG1 specimen at 850°C for 5 h
in air.
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Fig. 3. Effects of pressure on porosity and compressive strength
for a specimen (SPS conditions : 1000°C, 30 MPa, hea-
ting rate 80°C/min, pulse type 12 : 2, holding time 3 min).
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Fig. 4. Effects of heating rate on (a) porosity and (b) com-
pressive strength for various specimens (SPS conditions
: 1000°C, 30 MPa, pulse type 12 : 2, holding time 3 min).
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Fig. 5. Effects of pulse type on (a) porosity and (b) com-
pressive strength for various specimens (SPS conditions
: 1000°C, 30 MPa, heating rate 80°C/min, pulse type
12 : 2, holding time 3 min).
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g. 6. Variation of porosity as a functionofsintering tem-
perature and graphite content (SPS conditions : 1000°C,
30 MPa, heating rate 80°C/min, pulse type 12:2,
holding time 3 min).
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Fig. 7. Z-position variation of the AG! specimen during the
SPS process (SPS conditions : 1000°C, 30 MPa, heating
rate 80°C/min, pulse type 12 : 2, holding time 3 min).
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Fig. 8. SEM photographs of fractured surfaces for porous aluminaspecimens after decomposition of graphite at 850°C for 5 h. The

P.D. in figure denotes pressing direction during spark-plasma sintering.
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