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Abstract 

This short communication presents a comparative analysis of ternary and quaternary salt mixtures for use in solar 

thermal power plants, particularly in concentrated solar power (CSP) systems. We examine the thermophysical 

properties, thermal stability, and overall performance of these advanced heat transfer fluids (HTFs) and thermal energy 

storage (TES) materials. The study highlights recent developments in salt mixture formulations, focusing on their 

potential to enhance CSP system efficiency and reduce operational costs. 
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Introduction 

As concentrated solar power (CSP) technology advances, the development of more efficient heat 

transfer fluids (HTFs) and thermal energy storage (TES) materials becomes crucial. Ternary and 

quaternary salt mixtures have emerged as promising alternatives to traditional binary salt mixtures, 

offering potential improvements in thermophysical properties and operational temperature ranges 

[1-8]. 
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Comparison of Salt Mixtures: 

Table 1: Comparison of Key Properties for Binary, Ternary, and Quaternary Salt Mixtures 

Property Binary (Solar Salt) Ternary Mixture Quaternary Mixture 

Composition 

60% NaNO₃, 40% 

KNO₃ 

NaNO₃-KNO₃-

Na₂SO₄ 

NaNO₃-KNO₃-Ca(NO₃)₂-

LiNO₃ 

Melting Point (°C) 220-230 213.5 95-120 

Decomposition 

Temperature (°C) 565-600 600-640 550-600 

Specific Heat Capacity 

(J/g·K) 1.5-1.6 1.6-1.7 1.5-1.7 

Thermal Conductivity 

(W/m·K) 0.5-0.6 0.5-0.7 0.5-0.8 

Cost Moderate Low-Moderate Moderate-High 

 

Key Findings: 

1. Melting Point: Quaternary mixtures show significantly lower melting points, potentially 

reducing freezing risks and startup energy requirements [5-11] 

2. Thermal Stability: Ternary mixtures, particularly those containing sulfates, demonstrate 

higher decomposition temperatures, allowing for higher operating temperatures [7-10]. 

Specific Heat Capacity: Both ternary and quaternary mixtures show slight improvements 

in specific heat capacity, enhancing energy storage density  

3. Thermal Conductivity: Quaternary mixtures tend to have marginally higher thermal 

conductivity, potentially improving heat transfer efficiency [11-22]. 

4. Cost Considerations: Ternary mixtures, especially those incorporating cheaper components 

like sulfates, may offer cost advantages over binary and some quaternary mixtures . 
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Performance in CSP Systems: 

Ternary salt mixtures, such as the NaNO₃-KNO₃-Na₂SO₄ system, have shown promising results in 

experimental studies. For instance, a novel ternary molten salt (TMS) formulation demonstrated a 

13.17% wider use temperature range compared to solar salt, with a 9.03% higher average specific 

heat capacity. This expansion of the operational temperature range can significantly enhance the 

overall efficiency of CSP plants. 

Quaternary mixtures, particularly those incorporating calcium and lithium nitrates, have shown 

remarkable reductions in melting point while maintaining good thermal stability. This 

characteristic allows for reduced parasitic heating requirements during plant startup and non-

operational periods, potentially improving the overall plant efficiency and reducing operational 

costs . 

Challenges and Future Directions: 

Despite the promising properties of ternary and quaternary salt mixtures, several challenges 

remain: 

1. Long-term Stability: Further research is needed to assess the long-term stability of these 

mixtures under repeated thermal cycling conditions typical in CSP operations . 

2. Corrosion Behavior: The impact of more complex salt compositions on material corrosion 

rates needs thorough investigation to ensure system longevity . 

3. Scale-up and Economic Viability: While some ternary mixtures offer cost advantages, the 

economic feasibility of large-scale production and implementation of more complex salt 

mixtures requires further study. 

Conclusion: 

Ternary and quaternary salt mixtures show significant potential for improving the performance of 

CSP systems. Their enhanced thermophysical properties, particularly the wider operational 

temperature ranges and improved specific heat capacities, offer promising avenues for increasing 

plant efficiency and reducing costs. However, further research is needed to address challenges 

related to long-term stability, corrosion behavior, and economic viability at commercial scales. As 

the field progresses, these advanced salt mixtures may play a crucial role in the next generation of 

high-efficiency, cost-effective CSP plants. 
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