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Abstract

Polyanionic Li,MSiO, (M = Fe, Mn) positive active materials are expected to be suitable for the application to
advanced Li-ion cells because of their higher theoretical capacity of ca. 330 mAh g by two electrons reaction
change in addition to their superior thermal stability. However, their poor electrochemical reactivity must be
improved by enhancing their electronic and lithium ion conductivity. As for Li,MnSiO, material in this work,
the partially substituted materials for Mn with Fe or for SiO, with PO, have been synthesized by hydrothermal
process. In particular, it was found that Li,Mn,;Fe sSiO, positive electrode shows large discharge capacity of
202 mAh g at 0.025 mA cm™® The substitution for SiO, with PO, was also found to enhance the high rate ca-
pability of Li,MnSiO,; for example, the discharge capacity of Li; (Mn(SiOy)y (PO, at current density of 0.25 mA
em™ reaches the value of 59% of that at 0.025 mA cm™ in contrast with the low value of 23% in the case of ab-
sence of its substitution. Furthermore, the partially substituted materials for Mn with Fe or for SiO, with PO, of

Li,MnSiO, allows the improvement of reversible charge-discharge reaction.
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MEDEK
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0.0375 % 7212 0.05 mol @ FeCl, - 4H,0 #% ¥ f# L 72 50
em’ DA F IR ERE LT, 0%, HERERIC
FeA LT, 150 °C T 16 h f/¥E L TREL A B % o
7o, INERZEYAKTHME - KM%, 80 °C THEMEL C
Li,;Mn, ,Fe,SiO, (y = 0, 0.25, 05, 0.75, 1) ¥y K % 1572.

2009468 H6% £15]

BB, DEDOHET, h—RUVEEE2rBI o7,
meonkER, Ky 7ia—)L (PVA), > 3l
BLORYZFL 7)) a— )V (PEG) % iRE L
I, REKEWET LARDSS TSR L T_—A MR
L7z, Shzxte o3I v 7FHICBL, EXFTN,
FHAT, 700°CT1h OB E B 7% - /2.
2.2 Lip,Mn(Si04),.(PO,), (x = 0, 0.02, 0.05, 0.1
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FL7Z2b D% Fig. 5127, y DfE205 LT T,
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k=& LiMnSiO, @ 7 72 & H 72 B Hi#L & o 2 By
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DA (+2) 22 & (+3) ITHRIL S B FUG 71T T % <,

Fig. 1 SEM image of Li,FeSiO, powder synthe-
sized by hydrothermal process.
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Fig. 2 XRD patterns of carbon-loaded Li,Mn;_,
Fe,SiO, powders. a,y =0; b,y =0.25; c,y=0.5;
d,y=0.75; e,y = 1. * Unindex-able.
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Fig. 3 Change in lattice parameters as a function
of y for carbon-loaded Li,Mn,_,Fe,SiO,. a-axis @,
b-axis &, c-axis L.
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Fig. 4 Initial charge-discharge characteristics of

carbon-loaded Li,Mn,_,Fe,SiO, positive electrode at

60°C.[Jy=0,@y=025 Oy=0.5,y=0.75,

and Ay =1.

Electrolyte: 1.2 mol dm™ LiPF; EC/DEC = 3/7 in
volume.

Counter and reference electrodes: Metallic Li.

Charge: Constant current density of 0.025 mA cm™

to 4.5 V vs. Li/Li".

Discharge: Constant current density of 0.025 mA

cm™@to 1.5V vs. Li/Li".
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Fig. 5 Change in initial discharge capacity as a

function of y for carbon-loaded Li,Mn,_,Fe,SiO,

electrodes at 60 C.

Electrolyte: 1.2 mol dm™ LiPFs EC/DEC = 3/7 in
volume.

Counter and reference electrodes: Metallic Li.

Charge: 0.025 mA cm™ to 4.5 V vs. Li/Li".

Discharge: 0.025 mA cm™ to 1.5 V vs. Li/Li".
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Fig. 6 Discharge characteristics of carbon-loaded

Li,Mn,_,Fe,SiO, positive electrodes at 1st ([ ]y =0,

Oy=05 Ay=1)and3rd(Hy=0, @y=0.5,

A y = 1) cycles at 60 C.

Electrolyte: 1.2 mol dm™ LiPF; EC/DEC = 3/7 in
volume.

Counter and reference electrodes: Metallic Li.

Charge: 0.025 mA cm™®to 4.5 V vs. Li/Li".

Discharge: 0.025 mA cm™?to 1.5 V vs. Li/Li".
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0.15, 0.2) iEME D& & 454
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Fig. 7 XRD patterns of carbon-loaded Li,,
Mn(Si0,),_(PO,), powders. a, x =0; b, x = 0.02; c,
x=0.05;d,x=01;e,x=0.15; and f, x=0.2.
A | iMnPO, , * Unindex-able.
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Fig. 8 Change in unit cell volume as a function of
x for carbon-loaded Li,-,Mn(SiO,);-{(P0O,), powders.
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Fig. 9 XRD patterns of carbon-loaded Li,-,
Mn(Si0,),-(PO,), powders. a, x = 0; b, x = 0.02; ¢,
x=0.05,d,x=0.1;e,x=0.15; f, x=0.2.
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Fig. 10 High rate discharge capability of carbon-

loaded Li,_,Mn(SiO,),.(PO,), positive electrodes at

25 C.

Electrolyte: 1.2 mol dm™ LiPFsEC/DEC = 3/7 in
volume.

Counter and reference electrodes: Metallic Li.

Charge: 0.25 and 0.025 mA cm™@ to 4.9 V vs. Li/Li".

Discharge: 0.25 and 0.025 mA cm™@t0 2.0 V vs.
Li/Li".
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Fig. 11 Discharge characteristics of carbon-

loaded Li,- Mn(Si0,),_,(P0O,), electrodes at 1st ([]x

=0, Ox=0.05:)and 3rd (Hx=0, @x=0.05)

cycles at 60 C.

Electrolyte: 1.2 mol dm™ LiPFs EC/DEC = 3/7 in
volume.

Counter and reference electrodes: Metallic Li.

Charge: 0.025 mA cm™?to 4.5 V vs. Li/Li".

Discharge: 0.025 mA cm™ to 1.5 V vs. Li/Li".
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