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Fig. 1 TG curve (a), FTIR (b) and XPS (c) spectra for PSZ; XPS signal peak of C 1s (d), N 1s (e) and Si 2p (f).
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Fig. 2 FTIR spectra before (a) and after (b) irradiation at different thermal treatment temperatures; (c) XRD patterns of
coatings with different heat treatment temperatures before and after irradiation; (d) The XRD pattern of the coating at a heat
treatment temperature of 500 °C; (¢) SEM image of the coating after heat treatment at 500 °C; (f) Schematic diagram of MoS,
oxidation at 500 °C.
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Fig. 3 Hardness changes of coatings heat-treated at different
temperatures before and after 3000 kGy irradiation.
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Fig. 4 Surface SEM images of the composite coating treated at different temperatures before and after irradiation. (a) Coating
heat-treated at 25 °C without irradiation; (b) Coating heat-treated at 25 °C after 3000 kGy irradiation; (c) Coating heat-treated
at 100 °C without irradiation; (d) Coating heat-treated at 100 °C after 3000 kGy irradiation; (¢) Coating heat-treated at 300 °C
without irradiation; (f) Coating heat-treated at 300 °C after 3000 kGy irradiation.
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Fig. 5 EDS analysis and element content changes of PSZ composite coatings before and after 3000 kGy irradiation.
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Fig. 6 XPS survey and signal peak spectra of different PSZ composite coatings before and after irradiation: (a, b) XPS survey
spectra; (c, d) C 1s, (e, f) Si 2p and (g, h) N 1s signal peaks.
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Fig. 7 Friction coefficient of the composite coating before (a) and after (b) irradiation at different heat treatment temperatures;

(c) Average friction coefficient of coatings heat-treated at different temperatures before and after 3000 kGy irradiation; Cross-

sectional wear depth profiles of coatings before (d) and after (e) irradiation at different heat treatment temperatures; (f) Wear

rate of coatings heat-treated at different temperatures before and after 3000 kGy irradiation.
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Fig. 8 3D Morphology changes of wear tracks before and after irradiation at different heat treatment temperatures.
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Research Article

Effect of Gamma Radiation on the Structure and Tribological Properties of
Polysilazane Lubricating Coatings

Zhen-xuan Meng'?2, Rong Hu?, Hong-qi Wan?, Ding-jun Zhang'*, Yan-ping Wu?"
(!School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050)
(?State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Lanzhou 730000)

Abstract Lubrication and protective coatings applied to the surfaces of moving mechanisms in nuclear reactors
face the dual challenges of long-life lubrication and long-term radiation stability. In this study, polysilazane
(PSZ), a precursor with excellent potential for nuclear radiation resistance, was adopted as the base resin binder,
and molybdenum disulfide (MoS,) was incorporated as the lubricating filler to prepare a PSZ-bonded solid
lubricating coating with favorable lubricating and radiation-resistant properties. The variations in the
composition, structure, mechanical properties, and tribological properties of the coating after heat treatment at
different temperatures and before and after gamma-ray irradiation were systematically investigated. The results
show that both high-temperature heat treatment at 300 °C and y-ray irradiation can promote the cross-linking and
curing of the PSZ composite lubricating coating, thus significantly improving the hardness and tribological
properties of the composite coating. In particular, the composite coating subjected to the combined treatment of
300 °C high-temperature heat treatment and gamma-ray irradiation exhibited outstanding wear resistance, with an

* Corresponding authors: Ding-jun Zhang, E-mail: zhangdingjun@lut.edu.cn
Yan-ping Wu, E-mail: wuyanping1012@126.com



EFUE AR NS AR SR R T 2 R B B R SR RE RS R 11

average friction coefficient of approximately 0.34 and a wear rate as low as 6.7x107> mm3/(N-m). The composite
coating exhibited excellent tribological properties and y-ray radiation resistance. The above research findings
provide technical support and theoretical guidance for surface lubrication and protection of relevant mechanically
moving components in advanced nuclear reactors under high radiation dose conditions in the future.

Keywords Polysilazane; Lubricating coating; y-Ray irradiation; Tribological performance



