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Effect of Adding Transition Metal Compounds on Microstructure of Silicon Nitride
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Abstract: Three silicon nitride ceramic balls were prepared via hot static pressing (HIP). In addition to some conventional sintering
aids like Al,O; and Y,0;, TiN, Fe;Si and WC transition metal compounds were incorporated into the powder mixtures before
ball-milling and HIP, respectively. The microstructures and mechanical properties of the silicon nitride ceramic balls prepared were
investigated by X-ray diffraction, scanning electron microscopy, transmission electron microscopy and nano indentation (NI) analysis.
The results indicate that TiN additive has an effect of suppressing the formation of Si;N,O during sintering. TiN and WC additives can
promote the diffusion of Al and O into silicon nitride matrix during sintering, resulting in the formation of some sialon phase.
However, Fe;Si additive has little effect as mentioned above. TiN additive has an effect of refining the microstructure, thus obtaining
a refined grain structure with an even size distribution. Fe;Si additive tends to produce a microstructure of long-coarse-grain
intersected and bridged frame filled by grains. WC additive leads to the development of an uneven microstructure containing the
coarser and finer grains. Compared to the balls containing Fe;Si or WC additives, the ball containing TiN additive has better
mechanical properties, i.e., higher hardness and greater modulus of elasticity.
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Fig. 1 XRD patterns of different samples and PDF standard
diffraction spectra of f-Si;N, and Si,N,O
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Table 1 Measurement results of B-Siz;N, crystal cell parameters of different samples

Diffraction angles 6/(°)

Theoretical®

Sample No. ao/nm Co/nm
(200) (101) (210) ap/nm Co/nm
13.55 16.83 18.04 0.761310 0.291532
13.54 16.91 18.01 0.760373 0.290 863 0.760 3 0.2907
13.56 16.85 18.06 0.760 968 0.291261
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Table 2 Relevant parameters for measuring B-Siz;N, crystal cell parameters of different samples

Sample No. A/nm o o o3 71 72 73 o1 0> 03
A 0.154178 4 1 5 0 1 0 17.632 21.069 22.214
B 0.154178 4 1 5 0 1 0 17.621 21.147 22.186
C 0.154178 4 1 5 0 1 0 17.643 21.089 22.233
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Fig. 2 Scanning electron microscopy CBS microstructure of
different samples
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Fig. 3 HAADF-STEM grain boundary and intra grain atomic images and grain boundary segregation and intra grain diffusion EDS

spectra for different samples
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Fig. 4 HAADF-STEM grain boundary and intra grain atomic images of different samples as well as grain boundary segregation and

intra grain diffusion EDS spectra
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Fig. 5 HAADF-STEM images of different samples corrected for spherical aberration, showing the interfacial wetting state between

TiN, Fe;Si and WC and silicon nitride
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Table 3 Results of Indentation Hardness for different

samples
Hir(Random testing)/GPa
Sample - 2 Standard
. . . . . Mean L
No. Point A Point B Point C Point D Point E deviation

value

A 21.9 21.4 21.2 20.9 209 213 0.42
B 21.4 21.2 20.2 19.6 19.5  20.1 0.78
C 20.9 19.8 19.1 18.9 185  19.1 0.54

x4 TEHFGEVEMERE En MELER

Table 4 Measurement results of elastic modulus for
different samples
Eir (Random testing)/GPa
Sample Standard

Mean
No. Point A Point B Point C Point D Point E
value

A 321.7 3163 3213 3194 3208 3199 2.19

deviation

B 3123 2928 297.8 3102 2998  302.6 8.35
C 2952 2877 288.0 289.0 2978 2915 4.65
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Fig. 6 Nanoindentation load—depth curves and load—time
curves for different samples
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