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Sensible Thermal Energy Storage
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Heat Increment

50KNO3-50NaNO3 50SiO2-50Al2O3

Latent Heat at the 
melting point



Scheme of Solar Power Plant

5http://greenterrafirma.com/solar-thermal-for-electricity.html



Solar Power Plant

6http://www.climatechangebr.org/page25.htm

Thermal Energy Storage



Weight of TES
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9 m

24 m

m=10 000 kg



Cascaded Latent Heat Storage

8

MgCl2/KCl/NaCl, ∆mH = 400 kJ/kg

KOH, ∆mH = 134 kJ/kg

KNO3, ∆mH = 95 kJ/kg

KNO3/KCl, ∆mH = 74 kJ/kg

NaNO3, ∆mH = 172 kJ/kg

380 °C

360 °C

335 °C 

320 °C

306 °C

Dinter F., Geyer M., Tamme R., "Thermal Energy Storage for Commercial Applications" Berlin, Heidelberg, 
New York, usw.: Springer-Verlag; 1991.
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657°C

Phase Diagram of the NaCl-KCl-NaNO3-KNO3 system

R.N. Nyankovskaya, Izv. Sekt. Fiz.-Khim. Anal., 21 (1952) 259-270.



10

0.1

0.1

0.2

0.2

0.3

0.3

0.4

0.4

0.5

0.5

0.6

0.6

0.7

0.7

0.8

0.8

0.9

0.9

0
.1

0
.1

0
.2

0
.2

0
.3

0
.3

0
.4

0
.4

0
.5

0
.5

0
.6

0
.6

0
.7

0
.7

0
.8

0
.8

0
.9

0
.9

Equivalent fraction  K/(Na+K)

E
q

u
iv

a
le

n
t f

ra
ct

io
n

  C
l/(

N
O

3
+

C
l)

NaCl KCl

NaNO3 KNO3

1

NaCl-KCl solid solution

K2ClNO3(s)

(Na,K)NO3-HT solid solution

(306
o
)

(801
o
)

(334
o
)

(771
o
)

scanned data [1]

Na - K - NO3 - Cl
(Na[+] + K[+]) = (NO3[-] + Cl[-]),  1 atm

275°C

285°C

657°C

Phase Diagram of the NaCl-KCl-NaNO3-KNO3 system

R.N. Nyankovskaya, Izv. Sekt. Fiz.-Khim. Anal., 21 (1952) 259-270.



Phase Diagrams of the NaCl-KCl System
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50:50



Differential Scanning Calorimetry
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DSC 404C Netzsch

Sample holder



Differential Scanning Calorimetry
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∆T, μV

T, μV
Differential 
thermocouple

Heater

Pans

Constant heat 
rate 10-20 K/min

Theoretical baseline

Experimental baseline



Differential Scanning Calorimetry
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∆T, μV

T, μV
Differential 
thermocouple

Heater

Pans

Sample (50-200mg)

Constant heat 
rate 10-20 K/min

∆DSC

∆DSC



Heat Capacity
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𝐶𝑝(𝑠)
° =

𝑚𝑟
𝑚𝑠
∙
∆𝐷𝑆𝐶𝑠
∆𝐷𝑆𝐶𝑟

∙ 𝐶𝑝(𝑟)
°

where m – mass of the substance (g), ∆DSC – difference signal 

(μV), 𝐶𝑝(𝑟)
° – heat capacity of a reference. 



Heat capacity of the 50NaCl-50KCl
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484°C 484°C

340°C

What does the initial temperature 

340°C mean?



Heat capacity of the NaCl-KCl system
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Phase Diagramm

340°C ?



Heat capacity of the 50NaCl-50KCl
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484°C



Closed glass container
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Heat capacity of the 50NaCl-50KCl
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484°C



Heat capacity of the 50NaCl-50KCl
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484°C



Drop Calorimeter
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mHTC 96 Seteram



Drop Calorimetric Detector
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Thermopile of 34 thermocouples 

Ceramic vessel

Reference 

Furnace thermocouple



Drop Calorimetry
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Hot zone,
constant temperature T

Sample (10-100mg)
at room temperature

Experimental data
Heat Flow (μV) at 
a constant T



Enthalpy increment in the 50NaCl – 50KCl mixture
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Latent Heat at the 
melting point 
20.8 kJ/mol



Heat capacity of the 50NaCl-50KCl
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484°C

𝐻𝑇
° −𝐻298.15

° =  
298.15

𝑇

𝐶𝑝
° 𝑇 𝑑𝑇



Enthalpy increment in the 50NaCl – 50KCl mixture
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390°C



Enthalpy increment in the 50NaCl – 50KCl mixture
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∆ssH=4.2 kJ/mol

∆ssH, kJ/mol

Barret (1954) 4.4

Bunk (1953) 4.5

Popov (1940) 4.4

Zemczuzny (1910) 4.4

390°C

2.7 kJ/mol

Literature data obtained by

solution calorimetry of

quenched solid solutions at 

room temperature



Heat capacity of the 50NaCl-50KCl
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484°C

What does the initial temperature 

(340°C) mean?

315°C



Enthalpy increment in the 50NaCl – 50KCl mixture
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390°C



Drop Calorimetry
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Heat rate 0.25 K/min

Sample like as in the 
DSC measurements
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Drop Calorimetry



Enthalpy increment in the 50NaCl – 50KCl mixture

34

390°C
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Reciprocal NaCl-KCl-NaNO3-KNO3 system

R.N. Nyankovskaya, Izv. Sekt. Fiz.-Khim. Anal., 21 (1952) 259-270.



NaNO3

NaCl

KNO3

KCl

Modelling results of the binary salt systems

NaCl-KCl + NaCl-KCl#2

NaCl-KCl

liq_salt

NaCl-KCl

Calculated, Table 2, Pelton [1985]

measured, D.Sergeev [2014]Measured, Table 1, Pelton [1985]

measured, Vesnin [1979]
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Simultaneous Thermal Analyzer TG+DTA
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STA 449C Netzsch



Sample Preparation

Glove box
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Vacuum seal

Closed glass containers



Differential Thermal Analysis (DTA)
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Sample holder
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DTA curves of the KCl-NaNO3 system
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NaCl-KCl + NaCl-KCl#2 + KNO3-LT-solution

NaCl-KCl + NaCl-KCl#2 + NaNO3-KNO3-HT
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scanned points, Nyankovskaya [1952]

other points: D. Sergeev [Sept. 2014]
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XRD Analysis of KCl-NaNO3 System
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Heat Increment

∆T = 30°C
∆H = 18 kJ/mol
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Thank you for your kind attention!

Energy Saving Technologies

Money Isn’t All You’re Saving

http://www.alsol.com.mx


