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A strong, lightweight, and damping cermet material with a nacre-like ultrafine
3D interpenetrated architecture
Y. Y. Liueb, Z Q. Liue®b Z F. Zhang P

@ Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of
Sciences, Shenyang 110016, China

b School of Materials Science and Engineering, University of Science and Technology of China, Hefei 230026,
China

https://doi.org/10.1016/j.mattod.2022.12.002
Materials Today, 2023, 62: 62-70.

While materials that are light, strong, tough and simultaneously damping are highly attractive for a range of
applications, it remains a challenge to achieve a combination of all these properties in a single material as these
properties are often mutually exclusive. Here we present a cermet material comprising an ultrafine-grained
Mg-Al-Zn magnesium alloy with ultrafine Ti,AIC, ceramic platelets, where the two phases are bi-continuous and
interpenetrated in 3D space yet are alternately arranged in a layered fashion as in natural nacre. Such an archi-
tecture was constructed by infiltrating the alloy into the porous ceramic scaffold where the Ti,AIC, platelets were
preferentially aligned by vacuum filtration and partially sintered. The resulting cermet exhibits a high flexural
strength exceeding 1 GPa and a high specific flexural strength (strength normalized by density) of over 350
MPa/(gcm®) — both exceeding those of most other bulk magnesium (and magnesium alloys), ceramics, and their
composite materials — as well as high damping capacities and good fracture toughness. The architectural design
strategy and the robust fabrication approach may prove to be effective for developing new high-performance

cermet materials.
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Wear-resistant Ag-MAX phase 3-D interpenetrating-phase composites:
processing, structure and properties
Y. Guo @ Y. Y. Liueb Z Q. Liu*® Z. F. Zhang P
@ Shi-Changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of
Sciences, Shenyang 110016, China
b School of Materials Science and Engineering, University of Science and Technology of China, Hefei 230026,
China

https://doi.org/10.1007/s12274-023-6015-1
Nano Research, 2023: 1-14.

Electrical contact materials are generally Ag- or Cu-based composites and play a critical role in ensuring the
reliability and efficiency of electrical equipments and electronic instruments. The MAX phase ceramics display a
unique combination of properties and may serve as an ideal reinforcement phase for electrical contact materials.
The biological materials evolved in Nature generally exhibit 3-D interpenetrating-phase architectures, which may
offer useful inspiration for the architectural design of electrical contact materials. Here, a series of bi-continuous
Ag-Ti,SiC, MAX phase composites with high ceramic contents exceeding 50 vol.% and having micron- and ultraf-
ine-scaled 3-D interpenetrating-phase architectures, wherein both constituents were continuous and mutually
interspersed, were exploited by pressureless infiltration of Ag melt into partially sintered Ti,SiC, scaffolds. The
mechanical and electrical properties as well as the friction and wear performance of the composites were investi-
gated and revealed to be closely dependent on the ceramic contents and characteristic structural dimensions.
The composites exhibited a good combination of properties with high hardness over 2.3 GPa, high flexural
strength exceeding 530 MPa, decent fracture toughness over 10 MPa m'?, and good wear resistance with low
wear rate at an order of 10° mm3/(N-m), which were much superior compared to the counterparts made by
powder metallurgy methods. In particular, the hardness, electrical conductivity, strength, and fracture toughness
of the composites demonstrated a simultaneous improvement as the structure was refined from micron- to ultra-
fine-scales at equivalent ceramic contents. The good combination of properties along with the facile processing

route makes the Ag-Ti,SiC, 3-D interpenetrating-phase composites appealing for electrical contact applications.
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