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Motivation

Commercial Electrode Materials:
Generation 1:
LiCoO2
Generation 2:
LiFePO4
Generation 3:
LiNi0.5Mn1.5O4; NMC

Fluorine containing Materials:
(Research)

Fe2O3 = 1007 Wh/Kg 
1007 Ah/kg X 1.0 V = 1007 Wh/g
FeF3 = 1246 Wh/kg 
712 Ah/kg x 1.75 V = 1246 Wh/kg

Full Paper and Patent Registrations 
on Lithium Transition Metal Fluorides

> 1000 Publications

> 50 Publications G. Lieser et. al., Journal of the Electrochem. Soc. 161, (6), A1071-A1077 (2014)
G. Lieser et. al., Journal of the Electrochem. Soc., 161, (12), A1869-A1876 (2014)

17 Publications
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LiMgFeF6- The first Quaternary Compound

P. Liao et al., Journal of The Electrochemical Society, 157 (3) A355-A361 (2010)

Are quaternary compounds capable for Lithium insertion… ?

133 mAh/g = 1 eq. Li (theoretic capacity) 
20 mAh/g = 0.15 eq. Li (practical capacity)
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Summary of LiMIIMIIIF6 Compounds

LiMMF6

MIII\MII
Ti Mn Fe Co Ni Zn Cd Ca Mg Sr Ba Pb

Ti T N T T T T C T C

V T N T T T C C T C C C

Cr N T T T T C C T C B C

Mn T N

Fe N T T T T C C T S C C

Co T T C C T S

Ni C C

T (Trituril)  N (Na2SiF6) C (Colquiriite) S (LiSrFeF6) B (LiBaCrF6) 
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Syntheses of Lithium Metal Fluorides

ଷܨ݁ܨ ൅ 2ܨ݅ܰ ൅ ܨ݅ܮ	3
∆
଺ܨ݁ܨ݅ܰ݅ܮ→

ܨ݅ܮ ൅ ଷܨ݁ܨ ൅ ଶܨ݁ܨ → ଺ܨ݁ܨ݁ܨ݅ܮ

݈ܥ݅ܮ ൅ ଶܨܽܥ ൅ ݋ܥ ଷܪܰ ଺ ଷ݈ܥ
ଵ଴଴	௕௔௥	ிమାହ଴଴°஼ .଺൅ܨ݋ܥܽܥ݅ܮ .

ଷ݈ܥ݁ܨ ൅ ଷܱܥଶ݅ܮ	1.5 ൅ ܨܪ	6 → ଺ܨ݁ܨଷ݅ܮ ൅ ݈ܥܪ	3 ൅ ଶܱܥ	1.5 ൅ ଶܱܪ	1.5

Gas Phase Fluorination T+ O C

Solid State Reaction T

High Energy Ball Milling T

Precipitation Route T+

Nano-scale 
Particles 

Yes

Yes

No

No

Synthesis of Quaternary Compounds
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TFA-Route: A Novel Sol-Gel Synthesis
Li(CH3COO)

Fe(CH3COO)2
M(CH3COO)2
CF3COOH

H2O

M= Mg, Co, Ni

“Precursor powder” LiMFeF6 
M= Mg, Co Ni

spray drying
pyrolytic 

decomposition

IR-Spectroscopy

H2O, CF3COOH

CO2, CO
COF2
CF3COOH
(CF3CO)2O 
CF3COF 

450°C

Thermogravimetric Analysis (coupled with FTIR)
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Structural and Morphological Characterization

LiNiFeF6 (P42/mnm), Trirutile

Ball milling with 
carbon and 

binder for 24h
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Electrochemical Characterization

No reversible M3+/M2+ (M = Co, Ni) redox coupleSimilar behavior of the Fe3+/Fe2+

redox couple in trirutile structures

First cycle

Y. Koyama, I. Tanaka, and H. Adachi, J. Electrochem. Soc., 147, 3633 (2000). 

“There is still a large degree of freedom on the choice of the alloying elements as 
well as crystal structures without changing much of the intercalation voltages”
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LiNiFeF6 (Trirutile-Typ)
Cycle stability

Rate performance

Half of the theoretic 
capacity even at 1 C !

~1 mAh/g capacity 
fade for1 cycle

Discharge potential is 
increased after 1 cycle
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LiMFeF6 (M = Ni, Co, Mg) (Triturile-Type)

M2+ mAhg-

1
%

Ni 53 46
Co 46 41
Mg 64 48

േ4

1C discharge

After 20 cycles
M2+ mAhg-

1
%

Ni 88 77
Co 94 82
Mg 107 80

േ3

Cycle stability

Rate performance
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LiNiFeF6 In Situ X-ray Diffraction and Mößbauer Analysis

Mößbauer AnalysisIn Situ X-ray Diffraction

Lea de Biasi (HIU); Holger Geßwein (IAM) Sylvio Indis (IAM & HIU)

Anisotropic lattice expansion during Lithium insertion Fe3+/Fe2+ redox couple
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Summary
� Novel synthesis of LiMFeF6 compounds (M= Mg, Ni, Co) without toxic

chemicals
� Lithium extraction is not possible
� Reversible lithium insertion close to the theoretic capacity
� Similar electrochemical properties for LiMFeF6 (M= Mg, Ni, Co)
� Fe3+/Fe2+ is the electrochemical redox couple
� Anisotropic lattice expansion of the LiNiFeF6 (trirutile) host structure

during cycling

Lithium transition metal fluorides are suitable as positive electrode 
in lithium ion batteries.Financial support from:


