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Microstructure and Physical and Mechanical Properties of Si;N4/Ni Composite with Tree-Ring
Imitating Structure
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Abstract: Although engineering ceramics are widely used in industry, its high brittleness is one of the main factors restricting its
popularization. This paper was to synergistically improve the strength and toughness of engineering structural ceramics. A wood tree
ring-like Si3N4/Ni composite was prepared with micron-sized powder of SizN, and high purity nickel wire via hot pressing sintering.
The interface bonding between SizN4 matrix and Ni wire in Si;N4/Ni composite was investigated, and the physical and mechanical
properties of the composite were characterized. The results show that the interface between Si;N, matrix and Ni wire in the composite
is well bonded, and the wood tree ring-like material structure contributes to the strengthening and toughening of ceramic materials.
The bending strength and fracture toughness of the composite are (989+87) MPa and (8.12+0.8) MPa-m'?, respectively. Compared
with single-phase Si3Ny, the physical and mechanical properties of SisN4 ceramics are improved.
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Fig. 1 Nickel wire surface after being ground by sandpaper
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Fig. 2 Samples of wood tree ring-like structure composites
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Fig. 4 XRD patterns of Si;N, single-phase ceramics and
Si3N4/Ni composite ceramics
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Fig. 5 Raman map scanning of Si;N4/Ni ceramic composites
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(b) High magnification
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Fig. 9 SEM images of interface junction
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Substances H/(J-mol™) SAJ-K " mol™)
NiO -240.6 38.0
SiO, —-876130.0 428

Ni;Si04 —-1405196.0 110.0
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Table 2 Physical and mechanical property parameters

Performance parameters Porosity/% Density/(g-cm ™) Vickers hardness/GPa Bending strength/MPa Fracture toughness/(MPa-m"?)
SN 0.84+0.2 3.18+0.02 17.56+0.3 812+81 6.25+0.5
. . 771+73(Level of force application)
SN/Ni 0.431+0.1 3.22+0.01 17.34+0.4(Ceramic parts) 8.12+0.8

989+87(Vertical force)
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Fig. 13 Fracture morphology of Si;N4/Ni composite (Low
magnification)
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(c) Interface fracture morphology
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Fig. 14 Fracture morphology of Si;N,/Ni composite (High
magnification)
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(c) Internal crack deflection and bifurcation of Ni wire
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Fig. 15 Crack propagation at the interface of Si;Ny/Ni

composites
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