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Figure 1

SEM morphology of the surface of WC-Co cemented carbide

irradiated by intense pulsed ion beam
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Figure 2

Hardness (HV,,)

The hardness changes of the
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cemented carbide after a
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Figure 3 The surface hardness of 45 steel after
repeated irradiation and the change of
affected layer depth
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Figure 6 Corrosion current and oxidation

dynamics of DZ4 alloy after different

numbers of irradiation times
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Research Progress of High-Intensity Pulsed lon Beam Technology
in Metal Surface Treatment

LIAN Qingzhou', TANG Xin', LI Peng”
(1. College of Materials Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2. School

of Electronic and Electrical Engineering, Shangqiu Normal University, Shangqiu 476000, China)

Abstract: High-Intensity Pulsed Ton Beam (HIPIB) technology generates a high-energy ion beam through nanosecond pulse,

inducing instantaneous thermodynamic effect and stress wave action on metal surface to achieve precise surface modification. In
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recent years, this technology has gained extensive applications and research attention in metal surface treatment. Current
technical bottlenecks include the unclear quantitative correlation between ion beam parameters and changes in material
properties, insufficient understanding of cumulative effect mechanisms under multi-pulse conditions, and a lack of systematic
optimization across different metal systems. This study provided theoretical support for optimizing HIPIB process parameters
and extending its engineering applications. The influence mechanisms of HIPIB technology on metal surfaces were
comprehensively reviewed. Quantitative relationships between beam parameters and surface properties were established by
analyzing thermodynamic effects, microstructure evolution, and macroscopic performance enhancements. The technology
induces melting, vaporization, and ablation on metal surfaces while promoting the formation of nanocrystalline and amorphous
non-equilibrium phases. These microstructural and topographical modifications improve material hardness, wear resistance,
and corrosion resistance, ultimately extending service life. Future research should prioritize developing multi-scale thermal-
mechanical-chemical coupling models, achieving controlled synthesis of nanocrystalline/amorphous composite structures
through ion parameter optimization, and expanding applications in medical and renewable energy fields. Finally, integrating
HIPIB technology with artificial intelligence will advance manufacturing innovations.

Keywords: high-intensity pulsed ion beam, surface topography, phase change, surface treatment, surface property; mechanical

property ; thermodynamics ; mechanisms
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