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Enhancement of thermal stability and mechanical properties of epoxy resin by

metal-organic framework nanoparticles in irradiation environment

LIU Yaru' YU Rongrong' LIU Shengkai' LIU Sigi' YIN Yue' WANG Wei* XU Zhiwei'’

'(School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China)

*(Shaoxing Kegiao Research Institute, Tiangong University, Shaoxing 312030, China)

ABSTRACT Epoxy resins are widely used in aerospace, radiological medicine, and high-energy particle
accelerators. However, under high-energy radiation conditions, the physical and chemical properties of epoxy resins
are prone to significant degradation, leading to reduced service life. In this study, metal-organic framework (MOFs)
nanoparticles were employed to modify epoxy resins. The mechanical and thermal properties of the modified epoxy
resins were compared with those of epoxy resins modified with tungsten disulfide and carbon nanotubes (CNTs), as
well as unmodified epoxy resins, before and after irradiation, using tensile shear, nanoindentation, and Fourier
transform infrared spectroscopy (FTIR). The experimental results demonstrated that MOFs-modified epoxy resins
exhibited the best radiation resistance compared to those modified with WSz, CNTs, and unmodified epoxy resins.
After MOFs modification, the tensile strength of epoxy resins increased by 13.57%, the glass transition temperature
rose by 6.0%, and the thickness of the oxide layer decreased by 44.95% after irradiation. Based on these findings,
MOFs can serve as effective radiation-resistant reinforcement materials for epoxy resins due to their structural
characteristics. This study provides new insights for improving the long-term service performance of epoxy resins in
y-ray irradiation environments.

KEYWORDS Metal-organic framework, Epoxy resin, Nanomaterials, Radiation damage
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Fig.1 Surface morphology of WS, nanoparticles (a), CNTs (b), MOFs (c), and the cross-sectional morphology of WS./Ep (d),
CNTs/Ep (e), and MOFs/Ep (f) epoxy resin
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Fig.2 Stress—strain curves of tensile tests for unirradiated (a) and irradiated (b) epoxy resins and modified epoxy resins;

tensile strength of epoxy resins before and after irradiation (c) (color online)
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Fig.3 Shear stress—strain curves of tensile shear tests for unirradiated (a) and irradiated (b) epoxy resins and modified epoxy
resins; tensile shear strength of epoxy resins before and after irradiation (c) (color online)
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