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Synthesis and Char acterization of P2- phase without any impurities. We believe that thame
NaysFeMn,, O, for Na-lon Batteries the main reasons for the superior performancesuof o
material in comparison with the same type of materi
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Shigeto Okada Figure 2 shows the voltage profiles and the cydtsbi
of NagsFesMnyz0, in 1 M NaPk EC:DEC(1:1 v/v)
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6-1, Kasuga Koen, Kasuga, 816-8580, Japan cycles, the discharge capacity is still 160 mAHhIte
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California-San Diego, 9500 Gilman Drive, La Jolla, second region in the high voltage aré'F*¢ which were
California 92093, United Sates confirmed by X-ray absorption spectroscopy (XASheT
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Kyushu University, and mapped among N#&eMn,,O, series.
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Introduction
The layered oxides NWIO, (M = transition metal) —
electrode materials can be categorized into threén m ]
groups using the classification proposed by Delatas.; S
03, P2, and P3 types where the alkali atoms oceithgr a
octahedral or prismatic sites, respectively [1]c&wly, < N 3
P2-Ng,Fe ,Mn.,0, has attracted attentions because the \; T o | T o
rechargeable capacity exceeded 190 mAh/g against Na 4 5 3 2w
after 29 cycle [2]. The aforementioned phase can be S -
obtained by various precursors under different rsysit g
conditions. The most important factor is the firing | TR | I P
temperature and the Na:Fe:Mn ratio [2-4]. In order -+ oot * —
investigate the phase stability, we tried to sysite y — y y
. : 10 20 30 40 50 60 70
NasFeMn, O, series. In this work, we report the
synthesis and characterization of P2;MF® sMn,0, 20 (deg.)
phase as our best the cathode material among thé¥a-i  Fig. 1. XRD pattern of P2-type Mg e, ;Mn,:0,. The
ion batteries. refinement was carried out by Rietveld method using
FullProf software package. The refinement was peréad in
Experimental the P 63/m m ¢ space group and the R-factors are2F00,
Solid-state reaction was utilized to synthesize tht R;=10.20.
compounds. (Wako Pure Chemical Industries, Ltd. 97% x in Na Fe,  Mn, .0,
purity) NaO, (Sigma-Aldrich Co. LLC), F€s (99.7% ) 10 038 06 04 02 0.0
and MnO; (98%) were used respectively as precursors. , . *~ T ]
Na,O, serves not only as a source of Na, but also as an
oxidizer that helps to get a single-phase pure madte wok T
Stoichiometric amounts of Na-Fe-Mn precursors were
mixed in an Ar-filed glove box and pelletized. The a5k ]
pellets were calcined at 90 for 12h in the air and .
guenched to room temperature by taking the sangles % a0k 7
of the furnace. The samples were stored into afilldd &
glove box. Cathodes were prepared by ball-millifg® < ,.| .
wt% active material with 10 wt% acetylene blackdan
then the powders were mixed with an appropriatelenrno 20k _—
of 5 wt% PVDF solution in NMP. The slurry was pakte — g
on Al current collector and dried under vacuum GiC3 15k — ™ -
Battery test was performed using 2032 coin-typdscel N U T S T
The separator was a porous polypropylene film (&elg -100 -75 -50 -25 0 25 50 75 100 125 150 175
3501) and sodium metal foil was used as a counter Capacity (mAh/g)

electrode. 1 M NaPRfin ethylene carbonate (EC) : diethyl Fig. 2. The voltage profiles and the cyclability of
carbonate (DEC) (1:1 v/v) solutions were used as th NawsFesMnyz0, at a rate of 12 mA/g in the voltage range
electrolyte. The coin-cells were assembled in adfilked of 1.5V and 43 V.

glove box with a dew point below -8. The cycling
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