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Abstract

Silicon nitride (SizN4) ceramic bearing balls have broad application prospects in the field of high-speed
precision bearings due to their excellent mechanical properties and physicochemical stability. The
forming process is a key factor affecting the microstructure and mechanical properties of ceramic
balls. In this paper, SizN4 ceramic bearing balls were prepared using two processes: gel-casting and
dry pressing. Densification treatment was carried out under the same sintering conditions, and the
effects of the two forming methods on the phase composition, microstructure, Vickers hardness, den-
sity, and crushing strength of the sintered bodies were systematically compared. The results showed
that dry pressing is conducive to promoting the phase transformation from a-SisN4 to -SizN4, but it
tends to produce “snowflake” defects and abnormally coarse 3-SisN4 grains. Gel-casting results in a
more uniform green body, with the sintered grains mainly being spherical /point-like a-Si3N4, inter-
spersed with a small amount oflong columnar f-SisN4, forming a self-reinforced and toughened struc-
ture. The Vickers hardness (>1700 HV) and crushing strength of the gel-casting samples are signif-
icantly higher than those of the dry-pressed samples, and the performance data are more uniform,
with a more even density distribution. Gel-casting can effectively reduce microdefects, obtain a more
uniform microstructure, and significantly enhance the mechanical properties and reliability of SizN4
ceramic bearing balls, making it the preferred forming process for preparing high-performance ce-
ramic bearing balls.
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Figure 1. X-ray diffraction patterns of ceramic balls with different forming methods
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Figure 2. Cross-sectional views and SEM images of ceramic balls with different forming methods: (a) (c) Gel-casting; (b) (d)
Dry pressing
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Figure 3. EDS energy spectrum of snowflake-like spots on dry-pressed ceramic balls
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Figure 4. The influence of molding methods on sample hardness
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Figure 5. The influence of molding methods on sample density
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