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ABSTRACT The effect of the o/B phase fraction on the mechanical properties in silicon nitrides was in-
vestigated in part I. In part II, we describe the role of microstructure on the mechanical properties and contact
damage of silicon nitrides with coarse/equinxed and coarse/clongated microstructures. Grain sizes and shapes
were controlled by starting powder. Hertzian indentation using spherical indenter was also used to investigate
contact damage behavior. Cone cracks from the spherical indentation were suppressed when the silicon nitride
contains coarse and elongated grains. Coarse and elongated grains played an important role of cone crack
suppression. The size of quasi-plastic zone does not depend on grain size or shape but depends on the fraction
of o/p phase. A quasi-plastic zone was consisting of microcracks by shear stress during indentation.
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Fig. 1. Microstructures of AF and B Si,N, materials fa-
bricated at (a) 1,700 °C and (b) 1,800 °C for 1 hr.
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Table 1. Microstructure characterization for AF and
B Si,N, materials

sintering AF B
temp. Gs+  AR*  GS. AR.
1,700Cc 049 23.29 0.94 029

1,800 0.80 20.04 1.06 10.70

*G.S.: Average grain diameter (lm)
**AR.: Volume percentage of grains with aspect ratio»4
(vol. %)
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Fig. 2. Hardness of AF and B SiN. materials as a
function of hot pressing temperature.
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Fig. 3. Toughness of AF and B Si)N, materials as a
function of hot pressing temperature.
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Table 2. Critical loads for cone crack (Pc) and yield
(Py) for AF and B Si,N, materials

Material Sintering temperature Pc* Py**
AF 1,700T >4000 N 1100 N
1,800T >4000 N 900 N
B 1,700 12560 N 1000 N
1,800 =4000 N 1000 N

*Pc: critical load for cone crack
**Py: critical load for yield point.
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Fig. 4. Side views of contact damages of AF Si,N, ma-
terial fabricated at 1,700°C for 1 hr: at leads (a) P=
2000 N, (b) P=3000 N, and (c) P=4000 N. Optical (Nor-
marski illumination),
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Fig. 5. Side views of contact damages of B Si)N, ma-
terial fabricated at 1,700°C for 1 hr: at loads (a) P=
2000 N, (b) P=3000 N, and (c) P=4000 N. Optical (Nor-
marski illumination).

2 ofod ohol] Srobx] k3 0318 =2 ofo Beo.
2 245 2g o o|4 Fdo] Av}sla] £atA| Wk,

Fig. 58] <4 o) ¥-3-& T4} 22717 (SEM)
o2 #) BAP ANE Fig. 60 ehisieh. 13
olA ¥z whe} o] Ak of o2 Adta AAY
Alole] wlzz]Fel| o]gl =)A< (microcracks)E-2
TAEe ol&& gt

AF

()

(b)

Fig. 6. SEM micrograph from center region of section
damage zone from Fig. 5. Microfailures at interphase
boundaries are evident.
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Fig. 7. Side views of contact damage of under P=4000 N of AF and B Si.N. materials fabricated at (a) 1,700°C and

(b) 1,800°C for 1 hr. Optical Normarski illumination).
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Fig. 8. Size of damage zone of B Si)N, material as a
function of hot pressing.temperature.
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