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Contact Quality: A Novel Approach for Achieving Extraordinary
Mechanical Properties of Materials via Interface Engineering

DING Xiangdong, LI Suzhi, LI Heng, ZHANG Zhen, SUN Jun

(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Various types of micro-interfaces widely exist in materials. The relative sliding of
interfaces, accompanied by the evolution of lattice matching, local pinning, and other factors,
induces rich interfacial dynamic effects that significantly influence the mechanical behavior of
materials. How to regulate the dynamic evolution of interfaces to substantially enhance mechanical
properties has long been a challenging and focal research topic in the field. Aiming to achieve
extraordinary mechanical behavior and high performance in materials, the innovative team led by
Sun Jun and Ding Xiangdong from Xi’an Jiaotong University proposed a new concept of “contact
quality” and provided its quantitative characterization. From three perspectives—contacting

interfaces, domain boundaries, and dislocation slip planes—the mechanisms underlying the
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interface dynamic evolution dominated by contact quality were investigated, yielding important

results. First, the concept of “contact quality” was proposed, revealing the microscopic

mechanism behind the peculiar frictional behavior of two-dimensional materials. Subsequently,
in-plane strain was utilized to substantially regulate friction, achieving superlubricity in 2D
materials. Second, it was found that strain gradient could reduce the contact quality of interfaces,
inducing continuous flipping of domain or phase boundaries, thereby realizing superelasticity with
large recoverable strains in low-toughness metals and brittle ceramics. Furthermore, by intensifying
chemical composition fluctuations, the contact quality of dislocation slip planes was increased,
which significantly reduced the average dislocation glide velocity and enabled ultra-high strength
and ductility in nanocrystalline alloys. Finally, prospects for regulating interface contact quality
are outlined, including advancing superlubricity from the microscopic to the macroscopic scale,
controlling superelasticity and hysteresis behavior in materials, and developing new metallic
materials with heterogeneous nanostructures. This research provides design guidelines for fulfilling the

demand for materials with extraordinary mechanical properties in key fields such as aerospace and

60 %

mechanical manufacturing.
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Fig. 1 Friction behavior of graphene and the statistical
parameter kurtosis for quantitative measurement of

the interfacial contact quality
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