PCM Screening:
High Temperature Phase Change
Materials

D. SergeeVv?!, E. Yazhenskikh!, M. Mullert
B. Reis?, K. Hack?

1- Forschungszentrum Jilich, IEK-2
2 - GTT-Technologies

Bundesministerium
T fur Wirtschaft
und Energie

PCM IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum

Screening



PCM PCM-Screening:

S ' . . .
b Evaluation of Eutectic Mixtures for Use as PCM:

Gefordert durch: Thermodynamic Modelling and Experimental Methods

w®

Bundesministerium
fir Wirtschaft
und Energie

High Temperature PCMs

9 JULICH

Forschungszentrum

Low Temperature PCMs
TECHNISCHE
@ UNIVERSITAT
DRESDEN
Brandenburgische
b tU Technische Universitat
Cotthus - Senftenberg

4 Modelling A

GTT - TECHNOLOGIES

Mitglied der Helmholtz-Gemeinschaft 2

IJ JULICH

Forschungszentrum



Scheme of Solar Power Plant

Receiver & ¥ ~ /\
600°C {
_ A

Heat transfer fluid (HTF)

Thermal energy

storage
Hot Salt J
280 °C

Cold Salt Heliostat

A oile 1 /e
E .‘ c‘.. linder
pd { | ——— Electricity
’ MaqESiic
Power Block !

Heat
Exchanger




e
C
AL
ol
-
Q
S
O
ol
S
L
O
V)
e
O
()
&
()
-
O
Vg

A

\/

Oy




Thermal Energy Storage

Project Name: Extresol-3 (EX-3)
Country: Spain
Start Year: 2012

Solar-Field Inlet Temp:  293°C
m Solar-Field Outlet Temp: 393°C
S Solar-Field Temp

Difference: 100°C

Storage Type: 2-tank indirect

Storage Capacity:
28 500 tons

Thermal Storage

40%KNO;-60%NaNO, Description: 28 500 tons of molten salt. 60%
sodium nitrate, 40% potassium
nitrate. 1,010 MWh. Tanks are
14 m high and 36 m in diameter.

http://www.nrel.gov/csp/solarpaces




Enthalpy Increment
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Cascaded Latent Heat Storage
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Cascaded Latent Heat Storage
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Heat capacity of Ca(NO,),
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J.G. Cordaro, A.M. Kruizenga, R. Altmaier, M. Sampson, A. Nissen, THERMODYNAMIC PROPERTIES OF MOLTEN NITRATE SALTS
http://energy.sandia.gov/wp-content/gallery/uploads/Thermodynamic-Porperties-of-Molten-Nitrate-Salts-Cordaro.pdf, (2012).
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I. Barin, Thermochemical Data of Pure Substances, 3rd ed., VCH Verlag GmbH, Weinheim, Germany, 1995.
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PCM Decomposition of Ca(NO,),

Screening

Ca(NO,), => CaO + NO?1 + NO,1 + O,1

Kleppa_1961
Extrapolation 23 8§
kJ/moI

to 350 °C

is 5-7 kcal/mole. We accordmgly have the followmg empmcal law for the lmutmg heats
of solution of undercooled, liquid calcium nitrate in the considered salts:

AHCaN0s), (1, 350°) = 0:3—225 [(rs+/2—r:/1)/(dy+d2)]2 keal/mole.
Except for the small positive term this expression is closely related to one which we
previously derived for the binary alkali nitrates.

0.J. Kleppa, L.S. Hersh, Thermochemistry of binary fused nitrates, Discussions of the Faraday
Society, 32 (1961) 99-106.

Mitglied der Helmholtz-Gemeinschaft 14 Forschungszentrum
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Fusion enthalpy of Ca(NO,),

HeatFlow ()
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Phase Diagram of the Ca(NO,),-(KNO,), System
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J. Chen, D.W. Zeng, D.D. Li, J.T. Wang, H.J. Han, L.J. Guo, Phase diagram and thermal stability of KNO3-Ca(NO3)2 binary system, Inorg. Chem. Ind.
47 (11),(2015) 38-41.

P.1. Protsenko, A.G. Bergman, Ternary system of fused nitrates of calcium, potassium, and sodium, Zhurnal ' >
Obshchei Khimii, 20 (1950) 1365-1375. ’ J U L I c H
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Phase Diagram of the (
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HTXRD Measurements

SD9OH_HT2: 75% Ga(NO,), - 25% (KNO,), (25°C —» 200°C, syn. air)
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HTXRD Measurements
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Phase Diagram of K,CO;-Na,CO,
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K,CO5;-Na,CO,4 Phase Diagram
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K,CO5;-Na,CO,4 Phase Diagram

T, °C
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K,CO5;-Na,CO,4 Phase Diagram
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K,CO5;-Na,CO,4 Phase Diagram
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K,CO5;-Na,CO,4 Phase Diagram
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44K ,C0O;-56Na,CO5 Enthalpy Increment

200 = 1:22: . ;‘gﬂr’u?j 19940_DTA
18044 ™10
160 "
S a0 -
S - ° 0 1IU 2ID 3I0 4IU 5IO BID TIU BID BID 100
2 1 20 B Na,CO,, mol%
= 100
o !
T /
°I'_ 80
60
40 -] ;
‘ 175°C
20 ;
0 F—F—TF——T——T— —
100 200 300 400 500 600

T,°C

. J-mol™.K'

p

c

350 4

300 4

250

8
T

150 -+

100 -

50

300

]
56Na,C0,-44K,CO,
= Janz_1963_DROP
Yaokawa_2007
——FTSalt_1990

400

—— This work_DSC

T,K
500 600 700 800

1 L 1 | 1

900

56Na,CO,-44K,CO

DSC Netzsch

—— 15K/min_He
HFDSC Seteram
—— 2K/min_He
Calculation
Approximation

0

T
100

T
300

T!

I I v 1
200 400 500

°C

T
600




DD29A1: 50 Na2CO3 - 50 K,CO, (650°C — 25°C, air)
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DD29A1: 50 Na2CO3 - 50 K,CO, (650°C — 25°C, air)
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K,CO5;-Na,CO,4 Phase Diagram
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44K ,C0O;-56Na,CO5 Enthalpy Increment
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Knudsen Effusion Mass Spectrometry
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Knudsen Effusion Mass Spectrometry
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T, °C

K,CO5;-Na,CO,4 Phase Diagram
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