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Olivine mineral (Mg,Fe)2SIO

Papakoleabeach in Hawalii

also known as Green Sand each orMahana Beach



Olivine crystal structure

Distorted hcp of O atoms

Olivine hcp layer Ideal hcp layer

Orthorhombic unit cell

M2XOs Olivine Two M sites
(Mg,Fe)2SI0 One X site edgeshared with M2



LIFePQ z triphylite (olivine -group mineral)
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LIFePQ z triphylite (olivine -group mineral)
Nanosizing+ Carboncoating
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Australian bee hive (honeycomb)
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Point defects (OD)
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3D defects

2D defects



Terminology

Defects
Point defects (OD): L/ \
-Vacancies Linear defects (1D):
- Interstitials - Dislocations

- Substitutions
- Their combinations

Planar defects (2D):
- Antiphase boundaries
- Deformation bands

Bulk defects (3D): - Stacking faults
-Inclusions - Crystallographic shears
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Typesof point defects: + O E &iAkdotation
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A z atom or vacancy
B z position (site or interstitial)
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LIFePQ defects z vacancies
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LiFePQ Triphylite Li,FePQ Ferrisicklerite

FePQ Heterosite
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LIFePQ defects
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LiIFePQTriphylite

Feo.sFePQ Sarcopside
or Fe(PQO,),

Lit diffusion is blocked!
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LIFePQ z antisites
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Antisite defects
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LIFePQ z Li-rich
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2D LI transport

Not known in minerals
(yet?)

What about
electrode materials?

LiFePQTriphylite
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LIFePQ z defects in anion sublattice

What about anions?

Any defects In
anionic sublattice?

DFT: 356 eYOEECE] U OF |

Low-temperature co-precipitation:

LiIFePQTriphylite

Amisse R.

Chem Mater. [Lio.e57€"0.15lma[F €0 72F€"0.1d- b.0d M2Po.0204

2015272 NHcCOMbnHT
8% .1 A@bi AT AOGEI 1T CE

16



LIFePQ z defects in anion sublattice

After several cycles of refinement the occupancy
factors of the cation sites in the isotropic and aniso-
tropic refinements agreed within the standard errors

and were, for the anisotropic re =
408+22%, M(2)=986+04%, |P=958+04%.
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“‘Uncompensated”
valence

These results seem to indicate that the M(I) site 1s
occupied only by Li. Moreover the partial occupancy
of the P site (95-8 %) confirms the substitution of th
PO, group by the (OH), group as suggssted by Fontan

etal. 6) and agrees satistactorily with the calculated
occupancy (93:9 %).

OH-groups

Albertia, A. 1976
ActaCryst B, 32(10), 2782764.

Fontan, F.Huveun P.,Orliac M. &
Permingeat F. 976. Bull. Soc. Fr.
Mindr. Crist.In preparation.
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Water in the upper mantle and transition zone
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Hydrogen in natural Mg,Fe),SIO, olivines
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Hydroxyl defects in Mg,Fe),SIO, olivines

FTIR spectroscopy foFForsterite DFT for OH groups in Si and Mg positions

Modeling of FTIR spectra

Blanchard, M. et aRmerican Mineralogist, Qin, T. et al AmericanMineralogist, 2018,
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