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Abstract: As nuclear energy systems advance toward higher safety, economic efficiency, and performance metrics, additive
manufacturing technology is recognized as a key enabling technology for driving innovation in nuclear equipment. This is
due to its unique advantages in integrated forming of complex components, enhanced material utilization, and rapid iterative
design. Current domestic and international research has actively explored the potential applications of additive manufacturing

in nuclear-grade materials, focusing on adaptability, microstructural and property control of formed components, and their
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use in critical reactor components such as fuel cladding, heat exchangers, and shielding structures. These studies have prelimi-
narily validated its technical feasibility, particularly in the production of complex structural components like TPMS structural
heat exchangers, where AM demonstrates significant advantages over traditional forging and casting methods. However, the
practical application of AM in the extreme service environment of nuclear energy still faces a series of systemic challenges
spanning materials, processes, and quality control. The primary bottlenecks manifest in two aspects. First, certain nuclear-
grade metallic materials (such as tungsten and tungsten alloys, nickel-based high-temperature alloys, etc.) are highly suscep-
tible to metallurgical defects like hot cracks and porosity during the additive process due to the non-equilibrium characteris-
tics of rapid solidification. This makes it difficult to meet the stringent mechanical and radiation resistance requirements for
nuclear components. Second, for commonly used nuclear materials, existing additive manufacturing processes have a narrow
operational window, making it difficult to simultaneously ensure geometric accuracy, internal quality, and stable ideal micro-
structures. This results in poor batch-to-batch consistency in specimen performance, hindering their engineering certification
and application. This paper explores the current development status and application prospects of additive manufacturing tech-
nology in the nuclear energy sector. It focuses on analyzing development directions in atmosphere control, crack mitigation,
and process monitoring, while emphasizing the importance of establishing an “Al+high-throughput” intelligent R&D system.
The aim is to accelerate the design and manufacturing of new materials and processes by integrating cutting-edge information

technologies such as artificial intelligence and machine learning, thereby systematically overcoming core technological

2026 4F

bottlenecks that constrain the application of additive manufacturing in nuclear components.
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Fig. 1 Schematic diagram of the LPBF forming process
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