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* Triphylite, LiFe?*(PO,)

* Lithiophilite, LiMn(PO,)

* Natrophilite, NaMn(PO,)

- Karenwebberite, NaFe?*(PO,)

Isostructural
with olivine

S.G. Pnma
a=4738A
Green octahedra: M1 (Li, Na) b :—160(.)49229,5'\&
Purple octahedra: M2 (Fe, Mn) ! TR
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i Li(Mn2Fe?)PO, = Li, (Mn?,Fe®)PO, = [|(Mn®,Fe®)PO,
e (Lithiophilite) (Sicklerite) (Purpurite)

1 Li(Fe**,Mn°*)PO, = Li,_(Fe*",Mn?*)PO, = [|(Fe3*,Mn3*)PO,
(Triphylite) (Ferrisicklerite) (Heterosite)

»

Brian Mason (1917-2009)
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) Li-lon batteries based on LFP
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Capacity (mAh/g)

Layered struct.

LiCoO,

140-150

LINICoO,

170-180

Spinel
LiMn204

110-120

Triphylite
LiFePO,

160-170

Potentiel (V) 3,9 3,8 4,0 3,4
Resistance to cycling Poor Poor +/- Good
Exchange speed Good Good Good Good
Electrode density Good +/- +/- Poor
Security +/- ? Good Good
Cost of chemicals High +/- Low Low
Cost of synthesis Low High +/- Low
Abundance Low +/- High High
Toxicity ? ? Low Very low

Rapid Growth in Demand for LFP Batteries for EVs

Major EV manufacturers announce plans to move battery production from other technologies to

Lithium iron phosphate

T=5SLnmn

May 9, 2022 - Ford EV Batteries will Switch Over to Lithium
Phosphate Soon

April 21, 2022 Almost half of all Teslas built in Q1 had the
LFP Battery Pack

March 10, 2022
Rivian will Follow Tesla and Change to LFP Battery Technology

Ref: N. Krins, Master thesis ULg, 2004 (LCIS)
Lithium Iron Phosphate (LFP) in North America
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Total Cathode Chemistry Supply Breakdown \<->/ RIVIAN

al cathode chemistry supply forecast to 2040 is given in tpa. Alternative total GWh values are provided for reference.

Oct 31, 2021
Mercedes-Benz to Launch LFP-Powered BEVs from 2024

£2,000,000 Oct 7, 2021

Hyundai Motor Developing EVs with LFP Battery for Global
Market

Aug 3, 2021
Ford, VW, Tesla Lean in to LFP Battery Technology for EVs
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La ferrisicklérite des pegmatites de Sidi Bou Othmane
(Jebilet, Maroc)
et le groupe des minéraux i structure de triphylite

par Francors FONTAN *, PauL HUVELIN **, MarceL ORLIAC * et Frangois PERMINGEAT *.

Francois Fontan (1942-2007)

) This oxidation is not a continuus process!
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EMPA, SIMS and crystal-structure analysis of 19 samples

Triphylite-lithiophilite
0.99-1.07 Li p.f.u.

Ferrisicklerite
0.14-0.29 Li p.f.u.

0,4 0,6
(Fe+Mg)/(Fe+Mg+Mn)
Heterosite may contain up to 0.21 wt. % Li,0, and Ferrisicklerite is a variety of
ferrisicklerite may show a low Li-content of 1.31 wt. % Li,0 heterosite?
- =

Close Li-contents!
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Sample from the Altai Mountains, China

1: Liggg(Fe o 05Fe™ 5 1sMN?*; 65)(PO,)
2: Ligge(Fe7 05Fe7" 0sMNZ* 6)(PO,)
3: Lig gg(F€%*0.16MNZ*g goMN", 11)(PO,)
4: Lig gp(Fe3*g 16MN2*g 75MN7%, 1) (PO,)
5: Lig go(F€% 5 16MN%* 5 6N 15)(PO,)

T

<wwmmm Li-decrease

* The transition from lithiophilite to sicklerite is
progressive

* The change in colour is due to the presence of Mn3*

 Sicklerite is a variety of lithiophilite?

Coulour zone
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American Mineralogist, Volume 98, pages 767-772, 2013
Karenwebberite, Na(Fe**,Mn*>*)PO,, a new member of the triphylite group from the
Malpensata pegmatite, Lecco Province, Italy

PIETRO VIGNOLA,' FREDERIC HATERT,>* ANDRE-MATHIEU FRANSOLET,> OLAF MEDENBACH,?
VALERIA DIELLA,' AND SERGIO ANDO?

NaFe2*PO,

a =4.882(1), b =10.387(2), c = 6.091(1) A
Pnma

= 3 Wy . 3 ; > o o
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Malpensata pegmatite, Italy

-

Karen Louise Webber
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Karenwebberite

» Maricite is the high temperature
polymorph of karenwebberite
* Transition temperature ~ 500°C

iy
Wy '_€‘~ ‘/:*_
N ‘g

Synthetic maricite

« Oxidation of karenwebberite
to Na-bearing ferrisicklerite
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Eur. J. Mineral., 35, 427-437, 2023 European Journal of he
https://doi.org/10.5194/ejm-35-427-2023 Minera | Ogy /A
© Author(s) 2023. This work is distributed under
the Creative Commons Attribution 4.0 License.

Open Access

Nomenclature of the triphylite group of minerals Sicklerite and ferrisicklerite are
Lyudmila M. Lyalina!, Ekaterina A. Selivanova!, and Frédéric Hatert> | nterme d | ate mem b ers | N

1Ge()logiwl Institute, Kola Science Centre of the Russian Academy of Sciences, Apatity, 184209, Russia L X
2Laboratoire de Minéralogie, Université de Lizge, B18, 4000 Liege, Belgium S O | I d S O | u t I O n S

Mineral IMA List of Minerals, December 2022 New end-member formulae

Triphylite LiFet(POy) LiFet(POy)
Lithiophilite LiMn2t(POy) LiMn?t(POy) Petrographic varieties, not
Heterosite Fe3T(POy) Fe3t(POy) valid mineral s pec ies

N 3 . .
Purpurite Mn”* (POy4) according to the IMA-CNMNC

Sicklerite LiMn2t (POy4) Discredited
Ferrisicklerite  Lij_,(Fe3T Mn21)(POy)

Simferite Li(Mg,Fe3t . Mn31),(POy4), iMg(PO4)
Karenwebberite  NaFe?t(POy) NaFeZt(POy)
Natrophilite NaMn2t(POy4) NaMn2t(POy)
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Revised oxidation Process u LIEGE

Quensel-Mason sequence

New oxidation sequence
Modified Fontan diagrams
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« Exactly at the boundary between heterosite and
LiMg(PO,)
* Impossible to determine an end-member formula

Single-crystal data

Yakubovich et al. (1989) il>

Liy5(MgysFes sMn3*,,)(PO,)
Bayrakov et al. (2005)

EMPA and wet-chemical analysis for Li

# 1 L?0_56(Mg0_54Fe2+0_01Fe3+0.29Mn3+0.16)(PO4)
# 2: Lig57(Mgg 43F€%* 15F€* 30MN3*) 1,)(PO,)

s =

* Li dominant on the M1 site
* Mg dominant on the M2 site
* End-member formula redefined as LiMg(PO,)
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* Triphylite-type phosphates occur in granitic pegmatites, where they
constitute primary phosphates of crucial petrogenetic importance.

 Their oxidation process, called the Quensel-Mason seguence, is clearly
visible on the field and in thin sections, and explains the exceptional
electrochemical properties of these phases of huge economic significance.

« The nomenclature revision proposed herein, and accepted by the
CNMNC, has for consequence to discredit ferricicklerite and sicklerite,
which are intermediate members in solid solutions.

» These discreditations significantly modify the Quensel-Mason sequence,
thus briging new light on the oxidation mechanisms of these pegmatite
phosphates.




