Metallic phase change materials for high temperature applications
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Abstract — The advancement on latent heat thermal energy
storage (LHTES) has led to the development of heat-to-electricity
converters able to benefit from very high temperatures.
Consequently, there is a pressing need to develop phase change
materials (PCMs) that are compatible with these demanding
operating conditions. This study aims to address this demand by
conducting a comprehensive screening of metal-based PCMs with
temperatures exceeding 1000°C for LHTES that applicable to
concentrated solar power (CSP) plants. The investigation was
carried out in two steps, initially leveraging simulations with
FactSage to narrow down potential candidates, followed by
experimental evaluations to validate their suitability for the
intended application. Starting from Fe, Si, Mn, Cr, B, Ti, Ni, V, the
candidates were narrowed to the FeSiB, FeSiCr and FeSiMn
systems. Of these systems, some compositions were characterized
by DSC and other techniques to predict their performance as
PCMs.

I. INTRODUCTION

Latent Heat Thermal Energy Storage (LHTES) systems offer a
promising solution for providing transient storage to support
energy production from intermittent sources. The stability
provided by TES solutions could facilitate greater integration
of renewables such solar and wind energy into the power grid
[17, 121

The core of LHTES are a phase change material (PCM) that
stores the energy in its phase transition and the heat-to-
electricity converter. More often than not, the PCM works
exploiting the solid-liquid transition.

Different authors have tried to define a set of desired and
require properties for a PCM[3], [4], [5], [6]:

e Ensuring melting and freezing points fall within the
designated operational temperature range;

e Maximizing latent heat per unit volume to enhance
energy density and minimize the energy storage unit's
size;

e Facilitating high thermal conductivity to mitigate
significant thermal gradients and facilitate efficient
heat transfer;

e Maintaining congruent melting or eutectic
composition to work in a defined temperature range
and prevent segregation during operation, which may
result in localized chemical variations;

e  Minimizing volume changes during phase transition;

e Achieving low supercooling during freezing, ideally
aligning with the thermodynamic freezing point;

e Ensuring chemical stability throughout operational

cycles;
e Maintaining low corrosiveness towards the
containment vessel;

e  Prioritizing availability and affordability;
e Ideally, being non-toxic and non-flammable.

This work will investigate new PCM possibilities focusing on
metallic system including Fe, Si, Mn, Cr, B, Ti, Ni, V, aiming
to find alloys with working temperature above 1000°C.

II. MATERIALS AND METHOD

A. FactSage simulation

Simulation of binary, ternary and quaternary systems
containing Fe, Si, Mn, Cr, B, Ti, Ni, V were done using
FactSage 8.2.

The target properties in this initial selection phase are:

(i) Liquidus above 1000°C

(i) Difference between solidus and liquidus (AT) < 50°C

(iii) Volumetric enthalpy in the working temperature
range above 1 MWh/m?3

The third requirement was defined arbitrarily as the heat
exchanged in a temperature range of 100°C to take into
account the AT defined in (ii) and undercooling, resembling a
plausible usage thermocycling. This was modeled assuming a
constant specific heat for each system, derived from the
specific heat of an alloy with equal weight fractions of the
components at 1000°C. For example, in the FeSiB system, the
Cp value was obtained from the Factsage simulation of 33.3
wt% Fe, 33.3 wt% Si, and 33.4 wt% B at 1000°C. While this
approach is a rough approximation, it remains reasonable as
long as the sensible heat is significantly smaller than the latent
heat.

B.  Raw materials and alloy production

The alloys were produced with arc-melter, a small scale
production (1 gram per sample) technique that exploits a
plasma arc with extremely high temperatures up to 3500 °C to
melt and mix the raw materials.

The alloys were produced from 99.99% pure elements
provided by Thermo Fisher Scientific using the arc melter
under inert (argon) atmosphere.

C. Characterization of the samples



The samples are then crushed and analyzed with differential
scanning calorimetry (DSC) to experimentally verify the
working temperature and the latent heat. The measurement
was carried with a Netsch STA 449 F3 Jupiter under argon
atmosphere, using boron nitride (BN) coated alumina
crucibles. This method was successfully tested for pure Si [7],

(8l. [9].
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