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Construction and Thermal Performance Enhancement of Potassium Aluminum
Sulfate Dodecahydrate-Based Composite Phase Change Materials

Meng Xiangyu Lii Xin Hua Weisan Zhang Xuelai
(Shanghai Maritime University, College of Merchant Shipping, Shanghai, 201306, China)

Abstract In this study, potassium aluminum sulfate dodecahydrate (KAL(SO,),*12H,0, PASD) was selected as the thermal storage
material to achieve efficient thermal storage in medium-to-low temperature ranges. To overcome its drawbacks, such as its high phase
transition temperature, significant supercooling, and poor thermal conductivity, a synergistic modification strategy of "eutectic
modification-nucleation temperature adjustment-thermal conductivity enhancement" was employed to successfully obtain a high-
performance composite phase-change material. Seven potential eutectic components were screened, and potassium nitrate (KNO,) was
found to form a stable eutectic system with PASD. At a KNO, mass fraction of 16%, the phase transition temperature decreased from 92. 5
to 77.4 °C, whereas the latent heat value remained at 248.9 J/g, and the supercooling was reduced to 6. 03 ‘C. Mechanistic studies
revealed that the introduction of K* effectively lowered the energy barrier for crystal melting by weakening the hydration of [ A1(H20) ]
complex ions. Furthermore, the addition of magnesium sulfate heptahydrate (MSH) at 2% mass fraction as a lattice-matched nucleating
agent induced heterogeneous nucleation owing to the similar orthorhombic crystal structures of MSH and PASD, nearly eliminating
supercooling (i. e. , supercooling approached 0 °‘C) and fine-tuning the phase transition temperature to 75. 8 °C. Finally, 200-mesh
graphite powder (GP200) was used at 5% mass fraction as a thermal conductivity-enhancing phase to construct an efficient thermal
network, increasing the thermal conductivity of the composite to 1. 215 W/(m+K) , achieving 217% improvement over that of the base
material, while maintaining a high latent heat of 219. 0 J/g. This study provides a theoretical basis for the modification and preparation of
high-performance hydrated inorganic salt-based phase-change materials, demonstrating their broad application prospects in solar thermal
utilization and industrial waste heat recovery.

Keywords potassium aluminum sulfate dodecahydrate; eutectic phase change material; inhibited subcooling; heat conduction

enhancement; thermal energy storage
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Fig.7 The competitive hydration between K*ions and the
PASD hydration layer
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Tab.5 Temperature and supercooling of PAAS samples at

different mass fractions
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mass fractions
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Fig.13 Coagulation-melting curves of MSH at different mass

fractions
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