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Thermal Energy Storage Materials

Masayuki Kamimoto™® and Takeo Ozawa™

Roles of thermal energy storage in energy systems are described. Among four concepts of thermal

energy storage, latent heat-thermal energy storage has a few advantages such as high energy density

and heat storage of high quality at a constant temperature. Latent heat-thermal energy storage

depends on storage materials. Comprehensively evaluated thermodynamic data as well as cost data
are applied to screening the materials. It is shown from the screening that there is no suitable single
component materials over a temperature range from 300 ‘C to 440 C. Thermodynamic background
to search for suitable multi-component materials in the temperature range is discussed. An example

of applying thermal analyses to experimental evaluation is finally shown.
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Fig. 1 Structures of latent heat-thermal energy
storage system
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Fig. 2 Relations between system performances
and material characteristics
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Crystals
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Terie: critical temperature

Alkali halides
Anion

Cation F Cl Br I
Li 0-28 0-26 0-27 0-22
Na 0-29 0-32 0-32 0-32
K 0-34 0-33 0-32 0-33
Rb 0-32 0-32 0-31 0-30
Cs 0-33 0-31 0-31 0-30
metals

Li 0-13 Ca 0-15
Na 0-13 Sr 0-15
K 0-14 Ba 0-15
Rb 0-14

Cs 0-14
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Fig. 3 (a) The volume change on fusion against the
ionic radius ratio for the alkali halides.
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Fig. 3(b) The relationship among the volume
change on fusion, the electronic polariz-
ability and the ionic radius ratio for the

alkali halides.
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Table 2 Coordination Numbers and Entropies of
Melting of Some Metals

CNin Sm

crystal (e.u.)
Li 8 1-53
Na 8 1-70
K 8 1-70
Rb 8 1-68
Cs 8 1-65
Be — —
Mg 12 2-25
Al 12 2-70
*Ga* 1+6 4-42
In 4+8 1-82
Si® 4 6-47
Ge® 4 5-93
Ti 12 1-79
Sn® — 332
Pb 12 1-98
*Bi° 3+3 4-78
Sb 3+3 5-25
Zn 6+6 2:48
Cd 6+6 2-57
Hg 6+6 2-37
Fe 12 2-01
Co® 12 2-12
Ni 12 2-45
Cu 12 2:29
Ag 12 2-22
Au 12 2:29

Table 3 Classification of Alkaline Earth Halides
by Transition Type an. Entropies of
Transition and Melting (in JK™ ! mol™1)

I: no transition, II: 1st order transition,

II: diffuse transition
{s): solid-solid transition, (m): melting

F Cl Br
Ca I11 1 I
17.6(m) 27.2{m) 28.7(m)
Sr 111 111 11
14.2(m) 13.3(s) 11.3(m)

Ba I I

I
14.4(s) 13.3(m) 28.2(m)
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Fig. 4 Entropies of Monovalent Metal Nitrates

The zero of AS is the phase which is considered to
have zero configurational entropy. Two possible
interpretations are shown for potassium nitrate
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Fig. 7 DSC curves of urea (a) and eutectic mixture
of urea and NH,Cl (b)
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