
> SOLLAB 2017 > Veronika Sötz > Physical-chemical investigation and modeling of nitrate salt melts

State of the art
Sensible heat storage in molten nitrate salts 
in the temperature range ~280 to ~560 °C



Physical-chemical investigation 

and modeling of nitrate salt melts

Veronika Sötz

Presentation at SOLLAB doctoral colloquium 
15. to 17.05.2017



State of the art

Goals and 
Motivation

• Higher storage capacity
∆Q~∆T

• More efficient conversion of heat to power
• Simulation tool
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~560 °C ~290 °C



Challenges ‘ideal’                                                                    ‘real’

Aims of the PhD
• Scientific comprehension of decomposition reactions,  

thermodynamic and kinetic description
• Development and verification of a model
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State of knowledge
Nitrate-nitrite-reaction
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• Predominant reaction
between ~300 and ~550 °C: 

ܱܰଷି 	⇄ 	ܱܰଶି 	൅ 0.5	ܱଶ
• Reversible reaction, kinetics and 

thermodynamics are temperature 
and oxygen pressure dependent
[Freeman 1956, Freeman 1957, Nissen 1983]



• Predominant reaction between ~300 and ~500 °C: 
ܱܰଷି 	⇄ 	ܱܰଶି 	൅ 0.5	ܱଶ

• Reversible reaction, kinetics and thermodynamics are temperature and oxygen 
pressure dependent
[Freeman 1956, Freeman 1957, Nissen 1983]

• Thermodynamics:

Known equilibrium constant ܭ ൌ
௫ಿೀమష∙௣ೀమ

బ.ఱ

௫ಿೀయష
[Carling 1981, Nissen 1983]

• Kinetics:
Known kinetic parameters (rate constants, activation energy)
[Freeman 1956, Freeman 1957, Bond 1966, Paniccia 1973, Nissen 1983]

State of knowledge
Nitrate-nitrite-reaction
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• Nitrous gases NOx

from thermal decomposition of nitrate and nitrite ions 
[Wei 2014]

• Carbonate CO3
2-

from dissolution of atmospheric CO2 and subsequent reaction with oxide ions
[Bonk 2016]

• Metal impurities
from steels in corrosion experiments,   
e.g. chromate CrO4

2-

State of knowledge
Further reaction
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Thank you!

Veronika Sötz
Contact: Veronika.Soetz@dlr.de

German Aerospace Center 
Institute of Engineering 
Thermodynamics

> SOLLAB 2017 > Veronika Sötz > Physical-chemical investigation and modeling of nitrate salt melts



Literature

• Slide 3: Tian, Y. & Zhao, C. Y. Applied Energy 104, 538–553 (2013).

• Slide 7/8: Freeman, E. S. The Journal of Physical Chemistry 60, 1487–1493 (1956).

Freeman, E. S. Journal of the American Chemical Society 79, (1957). 

Paniccia, F. & Zambonin, P. G. The Journal of Physical Chemistry 77, 1810–1813 

(1973).

Carling, R. W., Kramer, C. M., Bradshaw, R. W., Nissen, D. A. & Goods, S. H. 

(Sandia Laboratories: 1981).

Nissen, D. A. & Meeker, D. E. Inorganic Chemistry 22, 716–721 (1983).

• Slide 9: Wei, D., Wang, Y., Peng, Q., Yang, X. & Ding, J. Energy 74, 215–221 (2014).

Bonk, A., Martin, C., Braun, M. & Bauer, T. Solar Paces 2016 (2016).

> SOLLAB 2017 > Veronika Sötz > Physical-chemical investigation and modeling of nitrate salt melts



Figures

o Slide 1-3, 6: http://www.solarreserve.com/en/global-projects/csp/crescent-dunes, 20.01.20107

http://www.abengoasolar.com/export/sites/abengoasolar/resources

/pdf/Solana_factsheet_09092013.pdf, 20.01.2017

o Slide 5: Solar Millennium

o Slide 7: Nissen, D. A. & Meeker, D. E. Inorganic Chemistry 22, 716–721 (1983).

> SOLLAB 2017 > Veronika Sötz > Physical-chemical investigation and modeling of nitrate salt melts


