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Abstract

Objective  To investigate the thermophysical properties of Fe,0,@SiO,/HITEC composite molten-salt nanofluids for thermal battery

applications in ultra-super-high-temperature CO, heat pump-coupled energy storage systems.

Methods A molecular dynamics model of an Fe,0,@SiO,/HITEC composite molten-salt system was developed. Using a relaxed
structure, thermal conductivity, density, dynamic viscosity, specific heat at constant volume, and self-diffusion coefficient of salt ions

were systematically calculated at different temperatures.

Results and Discussions The results show that within the temperature range of 423 — 823 K, the thermal conductivity, density,
dynamic viscosity, and specific heat capacity of the composite molten-salt system decrease with increasing temperature, whereas the
mean square displacement and diffusion coefficient correspondingly increase. Comparison with empirical correlations reported in the
literature for pure HITEC molten salt indicates that the temperature-dependent trends of the thermophysical properties in the composite
system are typically consistent with those of pure molten salt. Thermal conductivity, viscosity, and specific heat capacity of the composite
system are higher than those of pure HITEC molten salt, with enhancement ratios of 61. 1% —146.4%, 1.3%-82.4%, and 12.7%

—31.5%, respectively. Thus, the incorporation of magnetic core-shell nanoparticles can improve the thermal conductivity and heat
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storage capacity of the system while reducing its flowability.

Conclusions

Fe,0,@Si0, core-shell nanoparticles can improve the overall thermophysical performance of HITEC molten salt,

particularly in terms of thermal conductivity and specific heat, while preserving its basic temperature-response behavior. This study

provides a molecular-scale reference for designing high-performance thermal storage media in thermal batteries.
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Fig.2 Fe,0,@SiO,/HITEC composite molten salt nanofluid
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Fig.3 Thermal conductivity of the system at different

temperatures
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Fig.4 Viscosity of the system at different temperatures
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Fig.5 Specific heat capacity of the system at different
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