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HIP Sinterbility of Silicon Nitride « = 8 Phase Transformation
Hisatoshi TAKATA, Kozo ISHIZAKI, Akim MivyamoTo and Tadahisa NAKAMURA

Synopsis :

The effects of B phase transformation on HIP sinterbility of silicon nitride were studied using three
different powder sizes. The influence of pressure, temperature and holding time on the sinterbility of sili-
con pitride powders were also investigated.

In order to examine the sintering process, HIP sintering experiments were also conducted under condi-
tions to produce low densities of the sintered bodies. The HIPping conditions were 1 723-1 973 K, 60-200
MPa, holding time 0-3 h, and alumina as well as yttria were used as additives up to 6 mol%.

Within the range of the present work the following was revealed :

(1) The relative density changes linearly with the phase transformation at the initial stage of HIP
sintering. At the final stage of HIPping, the phase transformation to £ advances drastically faster than the
densification does.

(2) Phase transformation to £ is mostly affected by the HIPping temperature, and next by the holding
time.

(3) The HIPping pressure has little influence on the £ phase transformation, and sometimes reduces the

phase transformation.

(4) Fracture toughness improves with the increase of the 8 phase content.

around 40-50% of the £ phase fraction.

Micro hardness is highest

Key words : silicon nitride ; HIP (Hot Isostatic Press); SizN,~Al,03-Y,03 ; a to 8 phase transformation.
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Table 1. Characteristics of powders used.

Impurities and

Wb BHEOEIEAHEmML .

Average Specific pa =
Powder particle size surface area ompo?}:ltlons
(om) (m?/g) (wtk)
(0] C
SigNyg(L) 1400 2.0 0.6 0.09
SizgNyg(M) 800 4.9 2.7 1.00
SizN4(S) 300 12.0 1.6 0.10
203 - 1200 1.3 24.0 0.05
Al,03 400 6.5 o —
Table 2. Typical mixtures of additives.
Sample Y203 (mol%) Al;03 (mol%)
A 2 4
B 3 3

c 4 2

2:2 HIP &8 R UFH
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Fig. 1. Fraction of B phase vs. HIP sintering
temperature. Different additives A, B and C of
Table 2 were indicated by & , O and [
respectively. Solid, half opened and opened marks
correspond to the different particle size of silicon
nitride S, M and L respectively. HIPped under 60
MPa for 1 h.

T T
1.0 =
A
1973k
A
= 2 873K
+ | -
= 0.5 A
N 823K
A
A
A
Ay —T723K
P I
0

5 10
Specific Surface Area (m7g)

Fig. 2. Fraction of 8 phase wvs. specific surface

area of silicon nitride (using additive ratio A of
Table 2). HIPped under 60 MPa for 1h at diffe-

rent HIPping temperatures as indicated in the

figure. The marks correspond to Fig. 1.

ALO; Content (mol%)

1.0 —F 3 Z
S T3k
*
n
3. 4 1873K
+
9 0.5+ -
< O
= 823K
I
L}
1773 K
4&&____,~J
| 1 I
o 2 3 4

Y;0; Content (mol®%)

Fig. 3. Fraction of £ phase vs. yttria and alumina
contents in the sintered body (using silicon nitride
powder S of Table 1). HIPped under 60 MPa for 1
h at different HIPping temperatures as indicated in
the fugure. The marks correspond to Fig. 1.
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Fig. 4. Fraction of 8 phase (solid lines) and rela-
tive density (dashed lines) vs. HIPing pressures.
HIPped at 1823 K. The marks represent the same
meanings as in Fig. 1. Showing small or negative
effects of pressure on the 8 phase fraction.
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Fig. 5. Influence of HIP holding time on relative
density and B phase fraction respectively (the addi-
tive ratio A of Table 2). HIPped at 1 973 K under
60 MPa. The marks correspond to Fig. 1.
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Photo. 1. SEM micrographs of HIPped silicon
nitride fractured surfaces (using the silicon nitride
L of Table 1 and the additive ratio B of Table 2).
HIPped at 1973 K under 60 MPa. The HIP hold-
ing periods are 1 and 3h for (a) and (b) respec-
tively.
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Fig. 6. Negative changing rate of a phase vs. den-
sity changing rate. Calculated from the Fig. 5(a)
and (b). HIPped at 1973 K under 60 MPa (using
the silicon nitride L. of Table 1 and the additive
ratio A of Table 2). The marks correspond to Fig.
1. The dashed line is from data of Bowen et al.¥
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Fig. 8. Micro hardness (a) and fracture toughness
(b) vs. B phase fraction. HIPped at 1873 K (the
three lower points of 8 phase fraction), and at 1973
K (the three higher points of B8 phase fraction)
under 60 MPa for 1h. All samples were fully
densified. The marks correspond to Fig. 1.
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Photo. 2. SEM micrograph of cracks on the sin-
tered body of HIPped silicon nitride (using the sili-
con nitride M of Table 1 and the additive ratio B of
Table 2). HIPped at 1 973 K under 60 MPa for 1 h.
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