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A brittle interface with low modulus to
improve the mechanical properties of
multiphase ceramics
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Graphical abstract. Credit: Journal of Advanced Ceramics (2024). DOI:
10.26599/JAC.2024.9220907

Barium strontium aluminum silicate (Ba,Sr;_,Al,S1,0g, BSAS) ceramics
possess both phase stability and resistance to water vapor corrosion,
making them ideal materials for radome technology and electronic
packaging. To address the low tolerance of BSAS ceramics to damage
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and defects, the introduction of nano-reinforcements is an effective
approach to enhance their strength and toughness.

SiC nanowires (SiCnws) exhibit high strength and hardness inherited
from SiC ceramics, along with the excellent toughness and elasticity
characteristic of nanomaterials, making them ideal candidates for
toughening BSAS ceramics. The reinforcing and toughening effects of
nano-reinforcements are primarily related to their dispersion and
interfacial bonding. Poor dispersion can result in the formation of closed
pores during densification, while strong interfacial bonding can prevent
effective crack deflection, thereby limiting the reinforcement and
toughening effects of the nanomaterials.

Finding a strategy to optimize the dispersion of SiCnws and achieve
stable crack deflection is key to fully utilizing their reinforcing and

toughening effects, and it is significant for enriching the theoretical
framework of ceramic reinforcing and toughening mechanisms.

Recently, a team led by Xiaomeng Fan from Northwestern Polytechnical
University, China reported a low-modulus brittle interface design
method for reinforcing and toughening multiphase ceramics. By
constructing an embedded SiO, interface between SiCnws and BSAS,
and through the tracking of microstructure and interface structure, they
analyzed the reinforcing and toughening mechanisms, and optimized the
mechanical performance of BSAS ceramics. This work provides a new
design approach for interface structure in multiphase ceramics, as well
as for their reinforcing and toughening.

The team published their work in Journal of Advanced Ceramics.
"In this report, highly dense SiCnws/S10,/BSAS multiphase ceramics
were prepared using hot-press sintering, with clear phase boundaries

between the three phases. Utilizing STEM-HAADF technique, it was
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confirmed that the amorphous SiO, is embedded in an irregular shape
between the cubic SiCnws and monoclinic BSAS, forming an interface-
like structure," said Fan, Associate Professor from Science and
Technology on Thermostructural Composite Materials Laboratory at
Northwestern Polytechnical University, an expert in materials science
whose research interests on ultra-high temperature ceramic matrix
composites.

"During the densification process, ceramic powders with good
flowability are crucial for improving the dispersion of nano-
reinforcements. According to the He and Hutchinson criterion,
constructing a low modulus interface is key to inducing crack deflection.

"Therefore, we proposed an innovative hypothesis to optimize the
reinforcing and toughening effect of nano-reinforcements by
constructing a brittle interface: introducing an embedded Si0O, interface
with low softening temperature and low modulus between SiCnws and
the BSAS ceramic matrix," said Fan.

"The results confirmed the hypothesis. First, molten SiO, can cover
ceramic particles under pressure, reducing contact stress during the
sintering process and improving the flowability. Simultaneously, during
sintering, molten Si0O, acts as an embedded interface between SiCnws
and BSAS grains, weakening the interfacial bonding between them. This
collectively optimizes the strengthening and toughening effects of
SiCnws."

This work optimizes the ceramic interface structure by adjusting the
Si0, content and systematically studies the reinforcing and toughening
mechanism by predicting crack propagation behavior at the interface
using the He and Hutchinson criterion. The optimized ceramics exhibit
flexural strength and fracture toughness of 19316 MPa and 3.1+0.5
MPa-m'”?, respectively, representing improvements of up to 52.6% and
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94.0% compared to the non-optimized ceramics.

"This work 1is significant for the commercial application of BSAS
ceramics and provides new design strategies for the interface structure
design to reinforce and toughen the multiphase ceramics," said Fan.

However, more detailed research is needed to explore the suitability of
BSAS for commercial applications and the feasibility of applying this
strategy to optimize the mechanical properties of other multiphase
ceramics. In this context, Professor Fan has proposed three potential
directions for future work: enhancing the thermal stability, water vapor
corrosion resistance, and their coordination with mechanical
performance; optimizing related preparation processes; and investigating
the applicability of this strategy to other multiphase ceramic systems.

Other research contributors include Xin Li, Haojie Luo, Jimei Xue, Fang
Ye, Yongsheng Liu from Science and Technology on Thermostructural
Composite Materials Laboratory at Northwestern Polytechnical
University in Shaanxi, China; Xiaoke Lu from Frontier Institute of
Science and Technology at Xi'an Jiaotong University in Shaanxi, China.

More information: Xin Li et al, The enhanced mechanical properties
of SiC nanowires/Ba 0.75Sr 0.25A1 2S1 20 8 ceramics with embedded
Si0 2 interface, Journal of Advanced Ceramics (2024). DOI:
10.26599/JAC.2024.9220907
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