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Fluctuations in energy production
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Batteries
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Li-ion Batteries

LiFePO, replacing LiCoO,

~1 nm
Cheaper and more stable
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LIFePO, as positive electrode material

Fe3* -> Fet*

FePO, (3.6 VV vs Li-metal) LiIFePO,

Voids for
Li-ions

Li-ion insertion => 15t order phase transition
Remains orthorhombic, volume change: ~ 5 %

>
TUDelft °




LIFePO, as positive electrode material
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LiIFePO, as positive electrode material
Fundamental questions

Why can LiFePO, deliver such high currents?

How is the total current carried by the ensemble of crystallites?
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Operando powder diffraction
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Operando powder diffraction

Coffee-bag Cell
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Operando powder diffraction
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Operando powder diffraction
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Operando powder diffraction

Low Rate Low Rate

Phase transition model charging
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Solid solution behavior is responsible for fast (dis)charging LiFePO,
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Operando Microbeam diffraction
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Following individual LiIFePO, grains in-situ with
micro beam diffraction
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Following individual LiFePO, grains in-situ with
micro beam diffraction
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Low Rate (C/5): internal domain structure in
140 nm LiIFePO,
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1375

Phase field modelling single grain:
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But what about the mosaic transformation?

NI Integrated (powder) diffraction
11l i A Operando microbeam experiments
A p , 1, FePo,’
; i :; A Li_y 15FePO; _,_)fk_ LFP ?200} FP {200} 0
__J;.l_J : h E MA...,._ "Ui_p aFEPO, __A_,_)IIL_,_ I | I ' )
- i : oot 11 epo (A =3 'E 120} oo%m%%m@mggg;@w
é : - M.AM__A "Li_p g4FeP0,’ _JL_J'I\.,__ E % QmDDDDD o 0
8 WVE N TUUE | VROV ETIE R S - 2 N 00|
T T YV Py 2 2 ED SEE
A4 = b "Ui_gocFePD, |\ % 'g sol
L : :U-U‘«—A- T2 R - 3
| 1 ||| || IiIIIl n| Li_FeP0, ' 60
.| Lot || 1 EIII [N LiFeP0, ' o5 . . . |
) y y ! o o . . . 0.2 0.4 0.6 0.8
2 326[,] °) ¥ » b i[;.cjl} z 260 [degree] Phase fraction LiFePO4
Source:
Delmas et al, Nature Materials 7 (2008) 665 Zhang et al, Nano Letters (2014)
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INncreasing the rate
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Suppression of the first order phase transition
Micro-beam XRD Powder XRD
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Suppression of the first order phase transition

Powder XRD Micro-beam XRD
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Statistics on individual grains
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Rate dependent transformation mechanism LFP
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Conclusions

e Powder diffraction: (dis)charge rate induced solid solution phases

e Micro-beam diffraction: Direct operando view on the phase transformation of
/ndividual grains in the electrodes

e LiFePO,: Low rates: No mosaic transformation, platelet internal
phase morphology
High rates: Diffuse interface in single grains

e What determines transformation rate of individual grains
Role charge transfer?
Pinning interfaces?

slow

Fast

3
TUDelft 26
]




Acknowledgements

Established by
the Evropean Commession

30

rd!ﬂriuz,,’,w

3
TUDelft 27
]




