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Nowadays, one of the main challenges in the baftely
is the limited specific energy of commercial Li-ibatter-
ies. One option to overcome this challenge is tvease
the specific charge of battery materials. Tradalbn

insertion materials like graphite, LiFeROr LiCoO, are
used. All those materials have in common that tteagt
with maximum 1 lithium ion per formula unit. Theoe¢,

their specific charges are limited. Conversion mal®
like Si, Sn and others react with much more lithiioms
per formula unit. However, the higher specific dsof
those materials is “bought” with major structurbboges
in the material including large volumetric changesth

resulting in high electrochemical overpotentialsd am
significant charge loss with cycle number.

In 2005 Belharouak and Amine reported NiOPQ, as a
high specific charge material (422 Ah/kg) [1]. 190®
Essehliet al. showed that the isostructural GBIOPQO, is
also electrochemically active with a similar spiecif
charge (434 Ah/kg) [2]. Since other members of the
Mg sTIOPQO,-family like CuwsTiOPO, and FgsTiOPO,
are isostructural, they are as well potential caaidis as
battery materials. The specific charge for all loérh is
higher than expected from the vacant sites in tituetsire.
The existence of vacant sites in the structure ¢hat be
occupied by lithium is typical for insertion matss. But
the fact that the specific charge is higher thanahaila-
ble sites for lithium ions might indicate also agersion
reaction Therefore, it is worth to study the medérin
during lithiation and delithiation.

We selected GuTiOPO, and FgsTiOPO, for detailed
investigations. Figure 1 shows their respectivevayad-
static curves upon lithiation and delithiation. Treaction
upon lithiation is with up to 5 lithium ions perrfaula
unit (700 Ah/kg) and for delithiation with approximately
3 lithium ions per formula unit. The following ced
show a reversible process with more than 2 Li ipas
formula unit. A GITT measurement of the first cydé
both samples was performed in order to determinielwh
reaction mechanisms (insertion/conversion) occut @n
which thermodynamic potential the reactions ocdétig-(
ure 2). It is clearly visible that both reactionahanisms
are a combination of insertion and conversion sses.
Investigations on the reaction mechanism baseek a@itu
and in situ synchrotron XRD, XAS, SQUID, SEM'P
MAS NMR and TEM were carried out and support this
hypothesis. As an example, thin situ XRD of
Fe sTiIOPQ, as active material (Figure 3) shows that first
a new phase is formed with slightly modified stuuat
parameters (insertion process) and then the materres
amorphous (as it is not unusual for a conversioteriad).
Full reaction mechanism will be presented and dised
for both samples.
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Figure 3:1n situ XRD of FegsTIOPQ, (the main reflexes of
FeysTIOPQ, are indicated with *, reflexes of the cell areiind
cated with +).

Figure 1: Galvanostatic curves of 5€0OPQO,; and
CusTIOPQ, in the F' cycle at C/10 rate.
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Figure 2: GITT of FgsTiOPQ, and CysTIOPQO;.



