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ABSTRACT The effect of o/P phase on the mechanical properties and contact damage of silicon nitrides
(Si;Ny) was investigated. Silicon nitride materials were prepared from two starting powders, at selective increa-
sing hot-pressing temperatures to coarsen the microstructures: (i) from relatively coarse o-phase powder, essen-
tially equiaxed o-SisNs grains, with limited, slow transformation to B-SisNs grain; (ii) from relatively fine o-
phase powder, a more rapid transformation to B-Si:N,, with attendant grain elongation. The resulting micro-
structure thereby provided a spectrum of o/} phase ratios, grain sizes, and grain shapcs. Fracture strength, hard-
ness, and toughness were measured, and contact damage and strength degradation after indentation were inves-
tigated by Hertzian indentation using spherical indenter. A brittle to ductile transition in Si;N, depended on o/
B phase ratio as well as grain size. Silicon nitride with elongated B grains showed a superior contact damage

resistance.
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Fig. 1. Schematics for strength degradation experim-
ents using Hertzian indentation.
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Fig. 2. SEM micrographs of starting powders for (a)
AC and (b) AF Si;N, material. -
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Fig. 3. Variation of volume fraction of f phase in AC
and AF Si)N,, as a function of hot pressing temperature.
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Fig. 4. Microstructures of AC and AF Si,N., materials fa-
bricated at (a) 1,600, (b) 1,700, and (c) 1,800°C for 1 hr.

Journal of Korean Powder Metallﬁrgy Institute

o] Al%- - AW - 31 =A

ol AZH ACSH AF SiN, 23S w42
ARE debigic. 1% g9 Abale 2 29
AR 2 A2 AC SiN, 24 AEY] F41 AA} ]
74(SEM) Apzlelw, 9. 8% 2] A& AF SiNg|

Tk L700C7HA) SRR Ate] oAhoR ol 2l

AC SN2 77 iAo 2 S-S54 (equiaxed)d] 2
A Eo] o] FAEE v, FY 2=olA paY
Bgo] ZL AF Si;N,2] 73 #7444 (aspect ratio)7}
g AR So] o] EAFE & 4 i} o)g 7}
2o @b vl AR Al die] 243t W 37
7} 2734 (aspect ratioys H<E A & ofF
ehd A3}E Fig. 5ol vehiiict. A 317 Fig. 5a)

4.0 T T T T
| @ |
g 30 -
2
3 B 7
2 20f -
5
L -
& o
.l .
X : O_--'""" - (o)
LQ- o .
0 | I I I I
0 20 40 60 80 100
30 T T Y T T
)]
251 -
= O
i )
= - rd -4
:;:t’ 20 9
g 15[ 7 1
2 ’
5 L7
&, 1()L , 4
<"’ -
0o .70
5t 4 -

0 8,| 1 L 1 !
0

20 40 60 80 100
B phase fraction (vol. %) )

Fig. 5. Microstructure characterization of Si.N, mater-
ials: (a) average grain size and (b) volume percentage
of grains with aspect ratio>4.
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- Fig. 6. Variation of hardness of SiN, materials as a
function of volume fraction of B phase.
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Fig. 7. Variation -of toughness of SiN, materials as a
function of volume fraction of § phase.
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Fig. 8. Four point bending strength of Si,N, materials
as a function of volume fraction of phase.
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Fig. 9. Contact damage under P=4000 N of (a) AC
and (b) AF Si;N, material fabricated at 1,700°C.
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Fig. 10. Strength degradation for AC and AF S8i,N, ma-
terials fabricated at 1,700°C, after indentation with
WC sphere, r=1.98 mm. Boxes at left axis indicate na-
tural strengths of unindented specimens.
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