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High-Pressure Hot-Pressing of Silicon Nitride

Kohji TSUKUMA
Kiyoshi KASAI
Takaaki TSUKIDATE

Under the high-pressure sintering conditions of 1-5 GPa and 1500-1900°C, dense silicon nitride bodies

with a relative density above 95% theoretical value are obtained without additives, They exhibit better

thermal conductivity and higher microhardness compared with those obtained with additives.
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Pressure (GPa) pressure hot-pressed SizN,
(O : KBI SigNy (high purity Grade), <:
Fig. 1 Effect of pressure on relative densiy of GTE SizN, (SN502), A\ :in-house S;;N;
high pressure hot-pressed SigN, (A-1), []: in-house SizN, (B))
Table 1 Characteristics of commescial and in-house Sy3N, powder
N content| Impurities (wt. %) a-phase |Specific Particle
Powder content |surface shape and
(wt. %) | Fe Al Ca O Cl C (%) l|area (m?/g) size (pgm)
Starck LC-1 38.3 [0.04/0.1 [0.04] 08| — | 0.4 97 8 ‘“ggglfg
KBI cp85 383 [0.25]0.2 |0.00| 0.8] — | — | 84 — terogular
GTE Syvania 36.2 | 0.001] 0.002] 0.001/<3.0 [<0.05[ — 96 3 fibrous 13
in-house Sy;3N, . . fibrous
Y 39.2 0.1 |0.01 0.8 |<0.05 95 12 0.1~0.3x1~3
in-house S;3N, . - . fibrous
s 37.5 |0.1 [0.01 2.5 |<0.05 95 12 o 0 3 x1s
in-house S;3N, . . _ hexagonal prism
B 38.3 0.001 <0.5 [<0.05 95 1 13 X 105
(4)
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Fig. 3 Change of microstructure during «-g
transformation of S;;N,
pressure (1600°C, 1.5 GPa)

under high

(1) starting powder, in-house S;3N, (B)

(2) p-phase content 8% (keep time 1 min.)
(3) V 149 ( ” 3 min.)
(4) ” 43% ( # 15 min.)
(5) // 100% ( # 60 min,)

C5)

(&

Fig. 4 Microstructure of high pressure hot-
pressed SizN,
A @ SizNy without additives hot-pressed at
1900°C, 3GPa for 60 min, -
B : SigNy+4 wt% MgO hot-pressed at
1900°C, 3GPa for 60 min,
C : SisN;+10 wt% Y,0; hot-pressed at
1800°C, 3GTa for 60 min.
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Table 2 Density and p phase contents of high pressure hot pressed SisN,

Sp l(i;:(i)fnen Starting powder Sintering condition I()ge/x;s;ltsy) ﬁ("v‘;lt“%s)e
1—a SigN, 3GTa 1990°C 60 m. 3.15 100
2—a SiaN,+1wt2%MgO 3GTa 1600°C 60 m. 3.08 48
2—h SN, + 2wt % MgO 3GTa 1500°C 20 m. 3.06 45

1700°C 20 m.
2—c SigNy+ 4wt % MgO 3GTa 1600°C 60 m. 3.06 100
2—d SigN, +4wt%MgO 3GTa 1700°C 60 m. 3.13 100
2—e SigN, + 4wt % MgO 3GTa 1900°C 60 m. 3.13 100
2—f SigN,+8wt%MgO 3GTa 1700°C 60 m. 3.08 100
2—g SigN, + 8wt % MgO 3GTa 1500°C 20 m. 3.07 100
1700°C 20 m.

3-—a SigNg+ 1wt % Al,O, 3GTa 1600°C 60 m. 3.14 66
3—b SisNy+ 4wt Al,O4 3GTa 1900°C 60 m. 3.16 100
4-—a SigN; + 2wt 2% Y50, 3GTa 1800°C 60 m. 3.16 100

4—b SigNy+ 4wt % Y04 3GTa 1800°C 60 m. 3.20 100
4—c SigN, +5wt%Y,0; 3GTa 1800°C 60 m. 3.23 100
4—d SigNy+10wt % Y,04 3GTa 1800°C 60 m. 3.26 100
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Fig. 5 Comparison of thermal conductivity of
high pressure hot-pressed SizN,
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Fig. 6 Comparison of microhardness of high
pressure hot-pressed SizN,
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Fig. 7 Temperature dependence of microhardness
of SigN, compacts containing various
amounts of Y,0; additives
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Fig. 8 Starting powder (A) and microstructure
of high pressure hot-pressed body (B).
(in-house Si3N, (A-1))
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Fig. 9 Effect of oxgen content on microhardness
of high pressure hot-presse SizN,.
A-1:in-house Si)N, (A-1), A-2:in-
house SiyN, (A-3)
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