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Abstract: Titanium alloys are strategic materials in key fields such as aerospace and marine equipment. However, their
traditional research and development (R&D) model, which relies heavily on trial and error, is inefficient. The rise of
artificial intelligence (Al) is driving a paradigm shift in this field toward a "data and knowledge dual-driven" approach. This
review systematically elaborates on how the integration of knowledge and data drives full-chain innovation in advanced
titanium alloys, covering data construction, property prediction, and intelligent manufacturing. First, it analyses the
paradigm shift brought by Al and the global strategic context. Second, the application of Al in constructing a titanium alloy
domain knowledge system, the realization of machine learning in the intelligent design of titanium alloy compositions, the
supporting role of machine vision in intelligent welding and quality control, and the achievement of autonomous R&D by
Al agents integrating knowledge, data, and execution capabilities are discussed. Finally, the future path of autonomous
R&D for titanium alloys is anticipated. Despite challenges such as data quality, model interpretability, and industrial

integration, Al is expected to lead titanium alloy R&D into a new stage of autonomy through promoting data-knowledge
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fusion guidance and autonomous laboratory transformation, providing core momentum for the independent and controllable

development of national high-end materials.
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Fig.1 Policy and action outline for the “Strong Country Strategy” to drive the fusion and innovation of material genome engineering
and accelerate the engineering of key materials and the strategic planning roadmap for the development and application of artificial
intelligence in China®!
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Fig.2 Development of artificial intelligence technologies: (a) evolution of artificial intelligence technologies, from traditional machine
learning and large language models to large-scale multimodal intelligent systems; (b) applications of large language models in materials
science, covering literature interpretation, property prediction, data mining, experimental automation, and process optimization®
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Fig.3 The four paradigms of science: empirical, theoretical, computational, and data-driven®
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Fig.4 High-throughput computing framework for titanium alloys based on knowledge-guided equivalent phase diagrams®!
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Fig.5 Schematic diagram of the titanium alloy design workflow integrating machine learning and a novel alloy composition calculation
method®
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Fig.10 Large language models enable intelligent microstructure optimization and defect classification of welded titanium alloys®"
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