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Abstract

Objective Medium- and high-temperature waste heat is intermittent and fluctuating, resulting in a mismatch between heat supply and
demand. Latent heat storage based on phase change materials (PCMs) provides an effective method for high-density thermal energy
storage. Lithium nitrate (LiNO,) has a suitable phase change temperature and high phase change enthalpy for waste heat recovery, but its
low thermal conductivity limits the volumetric power density. In this study, using LiNO, as the PCM and expanded graphite (EG) as the
material for enhancing thermal conductivity, LiNO,/EG composite phase change materials (CPCMs) were prepared, and their
thermophysical properties and heat storage performance were investigated.

Methods LiNO,/EG CPCMs with EG mass fractions of 5%, 10%, 15%, and 20% were prepared via a solvent evaporation method.
Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD) , differential scanning calorimetry (DSC) , transient plane
source (TPS), and thermogravimetric analysis-derivative thermogravimetry (TG-DTG) characterized the chemical compatibility, phase
composition, phase change properties, thermal conductivity, and thermostability. A computational fluid dynamics (CFD) analysis of a
shell-and-tube latent heat storage unit was conducted to evaluate the heat storage behavior of CPCM85 (85% LiNO,/15% EG) and pure
LiNO, under flue gas heating.

Results and Discussions FTIR and XRD results showed that no new chemical phases were formed, and LiNO, was physically confined
within the EG porous structure. Increasing EG content improved thermal conductivity but reduced phase change enthalpy. CPCM85
exhibited a phase change temperature of 260. 46 °C, a phase change enthalpy of 291. 3 kJ/kg, and a thermal conductivity of 3. 53 W/(m*K),
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with the thermal conductivity 6. 92 times higher than that of pure LiNO,. The residual rate of PCM components increased from 24. 05% to

32.81%. The CFD results showed that the melting time decreased from 4 167 s to 2 178 s, and the heat storage rate reached 35 W at

5000 s, which was 4. 93 times that of pure LiNO,.

Conclusions Considering the thermal conductivity, phase change enthalpy, and thermogravimetric characteristics, CPCM85 exhibited

a favorable overall performance and was selected for the simulation, indicating its potential application in medium- and high-temperature

waste heat recovery systems.
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Fig.1 Preparation process of LINO,/EG composite phase change material
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