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Relationships between Spark Plasma Sintering Temperature and
Mechanical Properties of Combustion—-Synthesized o— and f-SiAlION

Masayuki Koshiyamal-*, Hazuki Sako!:*, Munekazu Ohno? and Kiyotaka Matsuura?
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Combustion-synthesized Y-o~SiAION and Ca—~SiAION powders have been consolidated by Spark Plasma Sintering (SPS)
at 1300-1450°C for 10 min, and the mechanical properties of the consolidated bulk samples were investigated. XRD analysis rev-
ealed that o—~SiAlION partially transforms into f~SiAlION during the SPS and a bulk of «/f-SiAION mixture was obtained. The
fraction of f-SiAION increases with the increase in sintering temperature and the « to 8 transformation ratio is high for Y—o~
SiAION compared with Ca—o~SiAION. The hardness of the consolidated bulk increases with sintering temperature and after
reaching the peak at 1350°C the hardness gradually decreases with temperature in both the cases of Y-o~SiAION and Ca—c—
SiAION. The increase in hardness with temperature arises from increase in density of the sintered body, while the decrease in
hardness results from grain growth due to high temperatures. The fracture toughness monotonically increases with temperature
and does not show a peak for both SiAlONSs, although Y-o~SiAION always exhibits higher toughness than Ca—o~SiAION. The
higher toughness of the Y-o~SiAlON is attributable to its higher fraction of transformed S-SiAlON, because the elongated shape
of B-SiAION leads to prevention of crack propagation. [doi:10.2320/jinstmet.J2014057]
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Fig. 1 The particle size distributions of (a) Y-a—SiAION, (b)
Ca—-o~SiAION, (c) B-SiAION, and (d) p-SiAION added with
Y,05 powders.
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B % &5 Hewett HOMED & —FKF 5.

B45 » B-Y45 O BEfE R OFE & -SIAION O El & 4
Table 1 IZ779. I D B-SIAION K3 K & 1450°C D BefE
IC & o THEBILZER L 72 & BRI XL SO 7%
W EBHEPD BT,

Table 1 The density and B-SiAlON fraction of the sintered
samples.

Sample Sintering Density, fB-phase

Starting powder temperature, s fraction

name T)C D/g-cm~3 (mass%)
Y30 1300 3.14 27
Y35 . 1350 3.22 76
Y40 Yo SIAION 1400 3.23 70
Y45 1450 3.24 79
Ca30 1300 2.92 19
Ca35 . 1350 3.12 16
Cad0 Ca~aSIAION 1400 3.12 19
Cad5 1450 3.14 64
B45 B-SiAION 1450 3.12 100
B-Y45 B-SiAION-5 mass% Y03 1450 3.20 100
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Fig. 2 Variation of Vickers hardness of the samples with sin-
tering temperature.
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Fig. 3 Variation of fracture toughness value of the samples
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K%, HJI50 MPa, KffH 10 min, JEEE 1300~1450°C D4
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Fig. 5 FE-SEM micrographs of (a) Y45, (b) Ca45, (c) B45, and (d) B-Y45.
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