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Evaluation of Mechanical Properties of Sintered Alumina with Recycling Powder

Kensuke KAGEYAMA, Hiroshi KATO, Kenzi OHI and Susumu KOBAYASHI
Department of Mechanical Engineering, Faculty of Engineering, Saitama University, 255, Shimo-okubo, Urawa-shi 338-8570

Recycling alumina powder was used to prepare sintered alumina. Virgin alumina samples were fabricated by
atmospheric sintering and were crushed into powder under 500 zm in grain size by thermal shock treatment
and automatic mortar crushing. Then, the crushed alumina powder was mixed with virgin alumina powder
and was subjected to re-sintering to renewed alumina. The renewed alumina samples were subjected to four-
point bending test and SEM observation of microstructure. Relative density and bending strength of renew-
ed alumina decreased as the volume fraction of recycled alumina powder increased. Samples over 200 MPa of
average bending strength, however, were obtained by mixing 50 vol% recycled alumina powder with grain
size <32 um, which was much larger than that of virgin alumina powder. SEM observation indicated that
pore distribution was inhomogeneous and pores were located along large polyerystal grain boundaries.
Pores, consequently, formed cracks which markedly decreased bending strength. Furthermore, 10 vol%-
glass containing renewed alumina samples were fabricated by a procedure similar to that of monolithic
alumina. These samples showed higher bending strength than monolithic renewed alumina.
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Table 1. Composition of Renewed Alumina ‘2
=
Virgin Alunina Recycling Alumina a 90
~32 um 32~150 um 150~500.m _g o
T 85
N10 100 (vol%) S A150~500 £cm A
NRO1(32) % 10 = |} o%~50um 7
Nr91(150) 90 10 800 10 20 30 40 50 60 70 80 90 100
NR91(500) ” 10 Volume Fraction of(Rt)ecych'ng Alumina (%)
(a
NR55(32) 50 50
NRB5( 150) 50 50 100 &
NR55(500) 50 50 —
2 ocf u}
NR19(32) 10 90 - 95 o
-
NR19(150) 10 90 2 o 8
NR19(500) 10 90 & 9%
2
% grl A150~500um
i .. . © 8 0 32~150 um
Table 2. Composition of Glass Containing Renewed Alumina as o ~32um
Virgin Alumina Recycling Alumina Pyrex Glass 800 10 20 3'0 4'0 50 60 7'0 80 90 100
~32 pm 32~150 pm 150~500un Volume Fraction of Recycling Alumina (%)
GN19 90 (vol%) 10 (b)
GR19(32) %0 10 Fig. 2. Relationship between volume fraction of recycling
GR19(150) 90 10 alumina powder and relative density of renewed samples. Sintering
eR18(500) % " condition is (a) A (1873 K~2 h) and (b) B (1523 K~48 h, 1873 K-

2h).
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Fig. 3. Relationship between volume fraction of recycling
alumina powder and bending strength of renewed samples. Sinter-
ing condition is (a) A (1873 K-2 h) and (b) B (1523 K~48 h, 1873
K-2h).
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Fig. 4. SEM microstructure of polished surface of virgin alumina
(N10). Sintering condition is B (1523 K-48 h, 1873 K-2 h).
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Fig. 5. SEM microstructure of polished surface of renewed
alumina : (a) NR91, (b) NR55 and (¢) NR19. Grain size distribu-
tion of recycled alumina was 32-150 um and sintering condition is
B (1523 K-48h, 1873 K-2 h).
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Table 3. Density and Bending Strength of Glass Containing
Renewed Alumina

Relative Density Bending Strength

Average Value Standard Deviation

GN19 91.3 (%) 204 (MPa) 26.6
GR19(32) 83.4 182 171
GR19(150) 79.6 102 9.2
GR19(500) 1.2

(a)

(b)

Fig. 6. SEM microstructure of polished surface of glass contain-
ing virgin and renewed aluminas: (a) GN19 and (b) GR19.
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