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Contact Quality: A Paradigm for Achieving Superior Mechanical Behavior of

Materials by Interface Engineering
DING Xiangdong, LI Suzhi, LIHeng, ZHANG Zhen, SUN Jun
(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: There are various solid-solid interfaces in materials, such as contacting surfaces, domain walls, phase
boundaries, and dislocation glide planes. Under external load, the contact state can strongly affect the dynamic property
of interfaces and thereby determine the mechanical behavior of materials. As such, how to effectively tune the contact
state of the interface in order to significantly improve mechanical properties remains a cutting-edge research topic in
materials science. To address this issue, we propose a new concept termed contact quality that can describe both the
geometric and physical properties of an interface. This concept was applied to three representative types of interfaces
as contacting surfaces, domain walls, and phase boundaries, and dislocation slip planes. First, the contact quality was
introduced for characterizing interfacial interlocking coherence (geometric property) and local pinning strength
(physical property). It revealed that the friction of 2D materials is governed by the contact quality. By applying in-
plane tensile strain to the graphene to lower the contact quality, a superlubricity with a friction coefficient of < 0.001
was achieved. Secondly, triggering and modulating the superelasticity of materials was achieved by regulating the
contact quality of domain and phase boundaries via strain gradient. It enabled non-hysteretic superelasticity in shape
memory alloys and superelastic behaviors with reversible twining deformation in body-centered-cubic metals.
Eventually, by introducing a strong compositional undulation into nanograins, the contact quality of the dislocation
slip plane was modulated with reduced dislocation speed and improved tensile ductility. A new nanocrystalline alloy
with ultrahigh strength and good ductility was developed. An outlook for achieving superior mechanical behavior of

materials by interface contact quality engineering is provided. This work demonstrated new strategies for designing
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Fig. 1 Concept of interfacial contact quality and statistical

parameter Kurtosis for quantitative measurement
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