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Abstract: 
Renewable energy utilization is spurring interest in energy 
storage systems. A notable storage solution is the thermal energy 
storage (TES) in which thermal energy are stored and released for 
later use. TES systems are utilized in building systems, space 
heating and cooling, and refrigeration. Owing to their inexpensive 
cost, high energy density, and near ambient phase transition 
temperature, inorganic salt hydrate PCMs are garnering interest. 
Salt hydrate PCMs' phase separation, low thermal conductivity, 
and thermal cycling instability limit their long-term energy 
storage reliability. This study investigated the various 
stabilization approaches for salt hydrate PCMs extensively. 
Additives were used to synthesize, characterize, and improve salt 
hydrate PCMs at minimal cost. Throughout several heat cycles, 
dextran sulfate sodium (DSS) polyelectrolyte stabilized sodium 
sulfate decahydrate (SSD) better than other additives. 
Stabilization mechanism was explained using atomistic 

simulation. Electrostatic interactions between SSD and DSS keeps the salt hydrates in domains that prevent phase 
separation. Strontium chloride hexahydrate, graphene nanoplatelets (GNP), and cellulose nanofibers (CNF) were 
used to improve calcium chloride hexahydrate PCM. Due to CNF's amphiphilicity, it disperses GNP into a compact 
PCM composite with improved thermal conductivity and thermal cycle stability. For near-ambient TES applications, 
this work synthesized and developed salt hydrate-based eutectic PCMs with excellent heat storage and phase 
transition temperature. Overall, this study reveals that polyelectrolytes, bio-based nanocellulose, and eutectic 
methods may improve salt hydrate PCM thermal energy storage. 
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