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Abstract: To address the issue of corrosion failure of copper substrate cooling channels in the
target system of accelerator-based boron neutron capture therapy ( AB-BNCT) in aqueous
environments, a composite protection strategy combining laser-induced surface modification
(LM) and magnetron sputtered Ta coating is proposed. Pristine copper (Cu), laser-modified

copper (LM-Cuw), and Ta-coated laser-modified copper (Ta/LLM-Cu)substrates were subjected to
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a 28 d staged immersion corrosion test in deionized water. The corrosion behavior was evaluated
using scanning electron microscopy (SEM), laser scanning confocal microscopy (LSCM), X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and inductively coupled plasma
mass spectrometry (ICP-MS). The results indicate that both Cu and LM-Cu undergo significant
localized corrosion. The grooved structures formed by laser modification increases the surface
reaction area, promoting the initiation of pitting corrosion and the deposition of corrosion
products. In contrast, the surface coating of Ta/LLM-Cu maintains good integrity, and following
the corrosion test, its surface is predominantly composed of a stable Ta,; passivation layer,
which significantly inhibits the release of Cu ions. At 28 d, the Cu ion concentration is
4,70 mg « L™, which is lower than the 7.26 and 7. 04 mg « L' observed for Cu and LM-Cu,
respectively. The Ta coating effectively delays the dissolution of the copper substrate through a
physical barrier mechanism and passivation effects, which can enhance the service stability of the
cooling channels in the AB-BNCT target system.
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