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Abstract

This short communication explores recent advancements in hybrid heat transfer fluids (HTFs) for concentrated solar
power (CSP) applications, focusing on their potential to reduce melting points. We examine the development of novel
hybrid HTF formulations, including nanofluid-enhanced molten salts and multi-component mixtures, and their impact
on thermophysical properties. The study highlights the benefits of reduced melting points for CSP system efficiency,
operational flexibility, and cost reduction, while also addressing challenges in long-term stability and scalability.
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Introduction

Concentrated Solar Power (CSP) systems rely heavily on efficient heat transfer fluids (HTFs) for
thermal energy capture, transport, and storage. Traditional HTFs, such as binary molten salt
mixtures, face limitations due to their high melting points, which can lead to solidification issues
and increased operational costs [1,2]. Recent research has focused on developing hybrid HTFs to
address these challenges, with a particular emphasis on reducing melting points while maintaining
or improving other critical thermophysical properties [3,4].

Hybrid HTF Formulations:

Hybrid HTFs combine multiple components to achieve synergistic effects, often incorporating
nanoparticles, ternary or quaternary salt mixtures, or organic additives. Recent studies have shown
promising results in reducing melting points and enhancing overall performance:

1. Nanofluid-Enhanced Molten Salts:

The addition of nanoparticles to molten salt mixtures has demonstrated significant potential
in modifying thermophysical properties. For example, a study by [5-10] reported that
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incorporating Al.Os nanoparticles into a ternary nitrate salt mixture resulted in a 7.5°C
reduction in melting point while simultaneously enhancing specific heat capacity.

2. Quaternary Salt Mixtures:

Research into multi-component salt mixtures has yielded HTFs with substantially lower
melting points. A quaternary mixture of NaNO;-KNOs-Ca(NOs)-LiNOs developed by [6-
22] exhibited a melting point range of 95-120°C, significantly lower than the 220-230°C
range of traditional binary solar salt.

Table 1: Comparison of Melting Points for Various HTF Formulations

HTF Type Composition Melting Point Range (°C)
Binary Solar Salt 60% NaNOs, 40% KNOs 220-230

Ternary Mixture NaNO3-KNO3-Na2SOs 213.5

Quaternary Mixture NaNO;-KNOs-Ca(NOs)2-LiNOs 95-120
Nanofluid-Enhanced Solar Salt + 1% Al2Os 212.5

Benefits of Reduced Melting Points:

1. Operational Flexibility: Lower melting points reduce the risk of HTF solidification during
non-operational periods, enhancing system reliability and reducing startup times.

2. Energy Efficiency: Decreased parasitic heating requirements for HTF maintenance can
improve overall CSP plant efficiency.

3. Cost Reduction: Lower operating temperatures can potentially reduce material costs for
piping and storage systems.

Challenges and Future Directions:
While hybrid HTFs show promise in reducing melting points, several challenges remain:

1. Long-term Stability: Ensuring the stability of nanoparticle dispersions and multi-
component mixtures over extended operational periods is crucial for commercial viability.

2. Scalability: Developing cost-effective methods for large-scale production of hybrid HTFs
is essential for widespread adoption in CSP plants.
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3. Corrosion and Material Compatibility: The impact of novel HTF formulations on system
components requires thorough investigation to ensure long-term reliability.

Future research should focus on:

1. Optimizing nanoparticle types, sizes, and concentrations for enhanced stability and

performance.

2. Exploring novel salt combinations and additives to further reduce melting points while
maintaining thermal stability at high temperatures.

3. Conducting long-term performance studies under realistic CSP operating conditions to
validate the durability and efficiency of hybrid HTFs.

Conclusion:
Advancements in hybrid heat transfer fluids offer significant potential for reducing melting points

in CSP applications, addressing a key limitation of traditional HTFs. The development of

nanofluid-enhanced molten salts and multi-component mixtures has demonstrated promising
results in lowering melting points while maintaining or improving other critical thermophysical

properties.

As research progresses, these innovative HTFs could play a crucial role in enhancing

the efficiency, reliability, and cost-effectiveness of CSP systems, contributing to the broader

adoption of solar thermal energy technologies.
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