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Background - Thermal Storage

Concentrated Solar Power Nuclear Power Plant

Gooisssseeeoe- D

Source: http://www.aaenvironment.com/GreenNuclear.htm

charging

Affected by weather and night-time Lack peaking power capacity

Proposed Solution:
High temperature,
high latent heat
thermal storage
materials o

Insulation

Charging Phase Discharging Phase
(T, — melting point; T,,;>T,,5>T3)
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Project Goals

* High temperature eutectic PCM (550-900°c)
* High latent heat PCM (= 400kJ/kg)
* High thermal conductivity (= 10W/mK)

Strategies
 Nanoparticle/ternary increase latent heat (50%o)
e Earth abundant materials

 Low cost materials
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| Direction for Increasing Latent Heat

High latent heat metallic composites with high thermal conductivity

Two Phase Separated in Solid Two Phase Mixed in Liquid

I

Latent Heat AH :TAST
(Enthalpy of Fusion H)

More Configuration
-> Configurational Entropy S
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Eutectic Alloys as PCM

Typical Binary Phase Diagram with Microstructure of
Eutectic Composition Al-12Si eutectic alloy
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M.M. Makhlouf, H.V. Guthy, J. Light Metals 1, 2001

Eutectic composition: phase separation for maximum mixing entropy
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Understanding of Latent Heat
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Latent Heat from Mixing Entropy

Ideal Mixing: Asmixing = —RZ X, In X
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Material Selection — Latent Heat

AH

‘ f
20} kl/kg.K
| 7 (kJ/kg.K)

m

AH/T_(kJ/kgK)

Ag Al Au B Be C CaCe Co Cr Cu Fe Ge La MgMnMo Nb Ni Pd Pt RhSb S¢ Si Sr Ti V Y
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I*aterial Selection —Vapor Pressure, Price

Price ($/1b)
12
Instable Elements | Stable Elements for Melting Ti
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__Z10KPa 1 A@1209Cc  Co@ 1517 C sn e
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Mg @1088 C |
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S @444C Mn@955C Sn@ 1224C
K @756 C C - with 10 Pa @ 2566 C
Ca @1482C
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Invariant Temperature of Binary Alloys
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Latent Heat of Fusion ~ Melting T
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Materlals Fabrlcatlon FaC|I|t|es
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Materials Characterization Facilities
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Al-12Si (at%) Eutectic Alloy

Hot-Press: Pressure: 80 Mpa, Temperature: 577 °C
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Latent Heat of Al-12Si Alloy

DSC [(mWImg)
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Measured value 578.3 554.9
Reference value 576 560
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Estimation of Al-12.2Si (at%)

Estimated Latent Heat: 511kJ/kg

Sensible Heat?
Non-ideal Mixing?
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Thermal Conductivity of Al-12Si Alloy
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Thermal diffusivity of eutectic Al-12S1 alloy (LFA 457 MicroFlash, Netzsch)

Thermal Conductivity: 122 W/mK (500 °C, Cp from literature)
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Hypereutectic Al-28Si Alloys

DSC’(m‘iV;:“f) Temperature range: 576.8 to 815°C

f Latent heat: 753.2 kJ/kg

30 448 kJ from eutectic alloy
] 305 kJ from additional Si and sensible heat
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Ternary Phase Diagram

Cu liquidus projection

- (Cu)

9?,/" Cug7sAlozs ht / CuggsSioss ht
_ CUos3Sior ht

80 |
/ Cu;Si ht2
‘.. 70

CONCENTRATING SOLAR POWER /// S uAn S h O't

PROGRAM REVIEW 2013

///” U.S. Department of Energy



Ternary Alloy # |

Ternary alloy A-B-C Latent heat: 867 kJ/kg
Estimated: 964 kJ/kg
Contribution from:

Mixing entropy: 304 kJ/kg
Material A: 187 kJ/kg
Material B: 433 kJ/kg
Material C: 41 kJ/kg

0] nst: 875.9C Area: 867.6 J/g

|/3 from mixing entropy!

) [15]

850

Tempera;qrg_l <1




Summary

e Systematically investigated metallic PCMs
from unary to ternary alloys.

e Binary 87.8Al-12.2Si (at%) alloy: 554.9
kJ/kg at 578.3 °C

o Ternary alloy # 1: 865 kJ/kg around 850 °C

e Thermal conductivity > 100 W/m.K
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Future Directions

 Further improving materials
 Quaternary alloys and eutectics

« Compounds + eutectics

e Additives

« Packaging of materials

« Systems and applications
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