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Abstract Timely detection of deformation mechanisms in metallic structural materials is essential for early-
warning alerts on potential damages and fractures. Acoustic emission (AE) technologies are commonly used
for this purpose due to their non-destructive nature. However, traditional methods often struggle with
distinguishing AE signals associated with multiple co-existing deformation mechanisms. To address this
challenge, we propose a knowledge-driven unsupervised learning approach. The novel method leverages a
family of gradient-driven supervised base learners and integrates them with a knowledge-infused aggregate
loss function, effectively transforming the approach into an unsupervised learning framework. Compared to
existing methods, our approach excels in identifying co-existing deformation mechanisms associated with
AE signals. Experiments on porous 316L stainless steel during tensile process show that the avalanche
statistics of the identified dislocation and crack AE signals align closely with classical statistical methods

and fracture theory. By integrating with the avalanche theory, our proposed approach can continuously
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monitor material deformation mechanisms in real-time and provide dynamic early failure warnings.
Additionally, the framework demonstrates strong transferability in recognizing multiple co-existing

deformation mechanisms in new materials, leveraging its unsupervised learning capability.
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Fig. 1 The Framework of Knowledge-Driven Unsupervised Learning Strategy.
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[11 X. Chen, L.F. Wang, X.Y. Gao, Y.F. Zhao, D.Y. Lin, W.D. Chu, H.F. Song, Machine learning enhanced
empirical potentials for metals and alloys, Comput. Phys. Commun. 2021, 269, 108132.

[2] X. Chen, X.-Y. Gao, Y.-F. Zhao, D.-Y. Lin, W.-D. Chu, H.-F. Song, TensorAlloy: An automatic
atomistic neural network program for alloys, Comput. Phys. Commun. 2020, 250, 107057.
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#EIFIC: Different from crystalline materials, nanoscale disordered materials, including metallic glassy
alloys and oxide glasses, possess unique and often advantageous properties, such as structural isotropy, high
catalytic properties, soft magnetic properties, high strength, and wear and corrosion resistance. Ideally, they
should ravel the crystalline counterparts in many applications, especially in nanoscales. In this talk, I will go
over some of these unique properties to show their potential applications in various settings, and the
challenges in synthesizing the desired nanoscale materials. One example I will show is the formation of a
one-dimensional order in nanoparticles due to surface tension and internal stress [1] . This unique
structural order in a disordered material demonstrates the metastability and its manifestation that are rarely
seen in crystalline nanoparticles. The second example is a newly developed synthesis method using Joule
heating to produce nanoparticles of well-controlled size, composition and shape [2] . Finally, if time
permits, I will go over some challenges in characterizing and understanding disordered glassy nanomaterials
in modeling and experiments.
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[1] Development of one-dimensional periodic packing in metallic glass spheres. Scripta Materialia 2020,
177, 132-136.

[2] Metallic Glass Nanoparticles Synthesized via Flash Joule
Heating. ACS Nano2025, 19(1),19806.
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Yang*, Ziqiang Zhao*, Jin Zhang*. Transforming the Synthesis of Carbon Nanotubes with Machine
Learning Models and Automation. Matter, 2025, 8, 101913.
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Zhao, Liu Qian*, Ziqiang Zhao*, Jin Zhang*. Nano-seeding Catalysts for High-density Horizontally
Aligned Carbon Nanotube Arrays with Wafer-scale Uniformity. Nature Communications, 2025, 16, 149
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