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Abstract

This short communication summarizes recent advancements in molten salt-based nanofluids for thermal energy
storage (TES) in concentrated solar power (CSP) systems. We highlight key developments in nanoparticle-enhanced
molten salts, focusing on improvements in specific heat capacity (SHC) and thermal conductivity. The study discusses
synthesis methods, characterization techniques, and the underlying mechanisms of property enhancement, providing
insights into the future direction of nanofluid research for CSP applications.
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Introduction

Concentrated solar power (CSP) with thermal energy storage (TES) offers a promising solution
for sustainable electricity generation. Molten salt-based nanofluids have emerged as potential
candidates for enhancing the efficiency of CSP systems by improving the thermophysical
properties of heat transfer fluids (HTFs) and TES materials [1-27].

Nanofluid Synthesis and Optimization

Recent studies have explored various combinations of base salts and nanoparticles to optimize
TES performance. Table 1 summarizes some notable achievements in SHC enhancement:
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Table 1: SHC enhancements for various molten salt-nanoparticle combinations [28]

Base Salt System Nanoparticle NP Size (nm)NP% Max. Cp Enhancement (%)
NaNOs-KNOs (60:40 wt.) Si0O2 15.2 1.0 |15.00

KNO; Si0: 20-25 4.0 (15.70

NaNOs-KNOs (60:40 wt.) AlLOs 20 2.0 8.30

K2COs-Li2CO3-Na2COs (4:4:2 wt.) [SiO2 20 1.0 (113.70

Two primary synthesis methods have been developed:

1. Two-step method: Nanoparticles are prepared separately and then dispersed in the molten
salt.

2. One-step method: Nanoparticles are formed in-situ within the molten salt matrix.
Characterization Techniques
Advanced characterization methods have been crucial in understanding nanofluid properties:
1. Differential Scanning Calorimetry (DSC) for SHC measurements
2. Thermogravimetric Analysis (TGA) for thermal stability assessment

3. Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM) for
morphological analysis

4. X-ray Diffraction (XRD) for crystallographic structure determination
Enhancement Mechanisms

Several theories have been proposed to explain the observed enhancements in thermophysical
properties:

1. Formation of a semi-solid layer at the nanoparticle-salt interface
2. Development of nanostructures within the salt matrix
3. Increased phonon transport due to nanoparticle addition
Challenges and Future Directions
Despite significant progress, challenges remain in nanofluid development for CSP applications:

1. Long-term stability of nanoparticle dispersions at high temperatures
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2. Scale-up of synthesis methods for industrial production

3. Understanding and optimizing nanoparticle-salt interactions for maximum property

enhancement

Future research should focus on:

1. Developing novel nanoparticle-salt combinations for further property improvements

2. Investigating the long-term performance of nanofluids under realistic CSP operating

conditions

3. Exploring hybrid nanofluid systems that combine multiple types of nanoparticles

Conclusion

Molten salt-based nanofluids show great promise for enhancing the efficiency of CSP systems

through improved thermal energy storage. Recent advancements in synthesis methods and

characterization techniques have provided valuable insights into the behavior of these complex

systems. As research progresses, nanofluid-enhanced molten salts could play a crucial role in the

widespread adoption of CSP technology, contributing to a more sustainable energy future.
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