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Small scale production

Simulations

Differential scanning calorimetry Pendant drop Wetting (interactions)
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Why is simple FeSi so «good»?
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Chai et al. Thermodynamics, kinetics and electronic
properties of point defects in B-FeSi2
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How to produce a FeSiB PCM

THERMO ) BAT

Manufacturing ultra-high temperature
FeSiB phase change material via
aluminothermic reduction

Jianmeng Jiao', Maria Wallin', Merete Tangstad’

Department of Materials Science and Engineering, Norwegian University of Science
and Technology, 7491, Trondheim, Norway

MOTIVATION

The demand for efficient thermal energy storage drives the need for high-temperature phase
change materials (PCMs). Fe-26Si-9B alloy is a promising PCM due to its high latent heat of fusion
and minimal volume change during solidification. However, current production methods are
either costly or have high emissions. Aluminothermic reduction is proposed as a more sustainable,
energy-efficient process to produce FeSiB alloys by optimizing the slag/metal ratio and holding
time. This research aims to demonstrate that this method can efficiently produce Fe-26Si-9B alloy,
supporting advancements in thermal energy storage.

Borosilicate \ ‘ >
/ Melting
Metallothermic

slags or glass
Al dross, Si waste, scrap teduction
iron, discarded FeSi

@ Low energy consumption

@ Abundant and inexpensive
raw materials

FeSiB alloy

@ Low production cost
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Metallic

EXPERIMENTAL METHOD

The colemanite before and
after calcination.

(@) the colemanite charged
in an AI203 crucible before
calcination;

(b) the colemanite after 3h
holding time at 600°C.
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Preparation

After experiments
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Flow chat

to produce
FeSiB alloy via
aluminothermic
reduction using
colemanite.

Fe-24Si-12B-0.7Al
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FeSi and its containment

The alloy creeped and
bled out, damagind the
outer crucuble
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Mapping the PCM properties
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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

40 52 8 4,74 788,5 _
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 8314 _
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
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Fe -Si-B
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The Boron content is low, at
maximum 11%. Very close to FeSi
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Difference between solidus and liquidus
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» Fe-Si57

o FesiB « B, V, Ti can be added in relatively small amount to
O v obtain “good PCMs”. This reveals a resilience to
' o v FeSiTi extra element additions.

+ Fe-Si-Mn

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

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

2000+ -—- Graphite _---~ |ihould be studied to see the effect and the amount tolerate.

— =~ FaSi - | . . .
1750 | — 50% composite T heir melting temperature is too low for TPV for now.

1500
1250 4
Data simulated with FactSage
Density graphite = 2 g/cm3
Density FeSi = 4 g/cm3

1000

Energy [kWh/m3]

This is just an example of what «<PCM
encapsulation» could do.

T T T T T T T T
800 900 1000 1100 1200 1300 1400 1500
Temperature [°C]

2024 | PAOLO LAI ZHONG LO BIUNDO Metallic Phase Change Materials for High Temperature Applications Sl @ SON



: : Norwegian University of
Still a dreammg now? Maybe E NTNU ‘ Science and Technology

" PV ° UN(J
el B S BT Micro-encapsulation of Fe-Si ulfra-high temperature
e e phase change material (PCM)
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Wojciech

intthis work o1 micte-encepsulcon dpprodeh wos iodieed for Development of a new PCM/container design based on a SELF-ENCAPSULATED MICROCAPSULES IR Polkowski
having PCM core and ceramic shell :

ABSTRACT CONCEPT & RESEARCH OBJECTIVE

the first time to a binary Fe-Si phase change material (PCM). The

alloy composition was developed through a thermodynamic ¥ SRy A ale . =uch :
/ ! ‘.“ (micro)particle

modelling. After that, a multistep processing was designed and \ . Islike an
applied to fabricate spherical microcapsules having a structure of . { J 0.. individual
PCM/container

SiO, shell and the Fe-Si alloy core. Finally, basic thermophysical e Nl . : PCM core tem!
system!

properties of encapsulated Fe-Si powders were experimentally Conventional PCM/container

; : ; : Inert (oxide) based shell
validated in DSC studies. design
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