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Where we come from
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What makes a good PCM

Property Threshold 

ΔT – difference betweeen solidus and liquidus < 50 °C

ΔHstored - energy stored > 1 MWh/m3

Tf - melting temperature > 1000 °C

ΔVf - expansion upon solidification < 1%
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PCM candidates
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Digging for PCMs

Phase Change Materials

6

Differential scanning calorimetry

Small scale production

Pendant drop Wetting (interactions)

Simulations
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Name
Δ𝐻𝑆𝑡𝑜𝑟𝑒𝑑

[𝑀𝑊ℎ/𝑚3 ]

Fe-50Si 1.31

Fe-52Si 1.31

Fe-54Si 1.28

Fe-56Si 1.26

Why is simple FeSi so «good»?

Chai et al. Thermodynamics, kinetics and electronic 
properties of point defects in β-FeSi2

FeSi and its containment

Graphite substrate: 

complete spreading and 

cabide formation

BN coated substrate: 

low contact angle and 

no iteraction

The alloy is sperical

It coated the substrate also on

the side, penetrating and 

reacting.

The alloy is spread

Si has high latent heat

Fe has high density
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How to produce a FeSiB PCM

Jianmeng Jiao
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FeSi and its containment

100 cycle testing

The lid is clean

The outer crucible is clean

and the inner crucible was

easily removable

The inner crucible’s outer

surface is intact

The alloy creeped and 

bled out, damagind the

outer crucuble

FeSi

spilled

out

The inner

crucible is 

empy: it was

penetrated

Lid 

damaged
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Mapping the PCM properties

Phase Change Materials
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Experimental results

Fe Si Cr density [g/cm3] DSC result [J/g] Enthapy [MWh/m3]

16 34 50 6,01 392,1 0,65

4 38 58 5,30 730,3 1,08

40 52 8 4,74 788,5 1,04

36 26 38 5,59 550,3 0,85

Fe Si Mn density [g/cm3] DSC result [J/g] Enthapy [MWh/m3]

20 51 29 4,68 831,4 1,08

40 52 8 5,93 552,9 0,91

0 30 70 4,74 737,6 0,97

20 30 50 5,99 461,5 0,77

Phase Change Materials
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Adding Chromium and Manganese

Alloys with 35% Si and 50% Cr, with less 

than 20% Fe
Due to the similarities between Fe and Mn, 

the two are «interchangeable»
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Boron, Titanium and Vanadium

The Boron content is low, at 

maximum 11%. Very close to FeSi

Low vanadium zone around

15%

Ti alloys of major interest
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Reading Maps
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Drawing a line
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Conclusion

• B, V, Ti can be added in relatively small amount to
obtain “good PCMs”. This reveals a resilience to
extra element additions.

The chemical tuneability and flexibility can allow for other
benefits like encapsulations or recycling of used alloys.

• Fe-Si-Cr and Fe-Si-Mn systems present new PCM
adequate for the high temperature, providing
tuneability in properties and working temperature
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Conclusion and future work

The addition of common metallic elements such should be studied to see the effect and the amount tolerate.
For instance, there is a big market for Al-Si alloys. Their melting temperature is too low for TPV for now.

The new PCMs should be investigated from a containment point of view: which crucible, which atmosphere? The
new possibility of encapsulation can provide new benefits such as hybrid solutions…

have you haver dreamt of a 50% graphite and 50% encapsulated PCM brick?

Data simulated with FactSage

Density graphite = 2 g/cm3

Density FeSi = 4 g/cm3

This is just an example of what «PCM 

encapsulation» could do.
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Still a dreaming now? Maybe

Wojciech 

Polkowski
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