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Motivation

This work aims to reduce the time, cost and experimental efforts required to develop new cathode materials, while addressing critical INDUSTRY, INNOVATION 13 CLIMATE
raw materials challenges, such as Co content reduction, by providing the battery industry with innovative materials design tools based AN IRRASTRUGITHE ACTION

on CALPHAD modelling and DFT calculations. O
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Experiments + DFT \ + Phase stability and transformations In All-Solid-State Batteries (ASSB) it is preferable to use metallic Li as anode
/ G(x;,T,p) < * Volume expansion/contraction  Within cathodes Ni-Mn-Co layered oxides (NMCs) have the highest Co content and
CALPHAD modelling \ + Effect of temperature compositional flexibility (compared to Li-Fe-Phosphates or Spinels)

LCO: the prototype NMC siructure
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(x in Li,Co0O,) Raman spectroscopy and DFT [1] proved that
03_D#2  hR12-NaFeO,/Insulator 1-0.93 Liva). (Co0.) O3_D#2 + 03_D#1 3.9 cycling rate > C/10 ( = full charge in < 10 hours)
,Va 0 cap s .
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, , , , , . . Molar Volume (Vm) at room temperature
Previous works [2,3] fitted DFT calculations at _ Continuous solid solution in the » Strongly positive T-dependent parameters (300 K) has bee(n m)odelled° P
0 K with strongly negative L(Li,Va) parameters full O3 D phase interval at 300 K needed to compensate = HT miscibility gap '
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= not reliable at high lithiation [4] agreement with XRD data [5-7] more recent OCV measurement [8]

Extrapolation fowards multicomponent lonic Model Description

Tosin Paese [2] has proved that extrapolation towards higher order system is possible

Newly developed ionic model:

* OCV data are not accompanied by phase
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We have expanded to M = Co, Ni, Mn, Al, Fe Additional Co*?, Co** mixing parameters: g Srsim
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* DFT data on metastable endmembers are needed A x in LIMO; A x in LixC002

References Interested in knowing more and

E. Flores et al., ACS Appl. Mat. Int. 13 (2021), 22540 influencing the development of a

L. Tosin Paese, Ph.D. Thesis, Univ. Paris-Saclay (2024) battery database?

K. Chang et al., CALPHAD 41 (2013), 6-15

A. Van der Ven et al., Phys. Rev. B 58 (1999), 2975 Symbols

Z. Chen et al., Electrochimica Acta 49 (2004), 1079 F = Faraday constant; N, = Avogadro’s constant
G. Amatucci et al., J. Electrochem. Soc. 143 (1996), 1114 C;, = theoretical capacity

T. Ohzuku et al., J. Electrochem. Soc. 141 (1994), 2972 n = number of exchanged electrons

J. Yao et al., Angew. Chem. Int. 63 (2024) Z = number of f.u. per unit cell

|. Ansara et al., J. All. Compd. 247 (1997), 20-30 o = thermal expansion coefficient

w& Wallenberg Initiative g@md%
Materials Science W
for Sustainability W

CALPHAD 2026 — Québec City (Canada), June 7th-12t, 2026

1.
2.
3.
4.
5.
6.
7.
8.
9.

Contacts: lorenzo@thermocalc.com; Ifen@kth.se




	Slide 1

