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Li,MnO,]
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Li,MNnO, ( Li[LissMn,3]0,)IZDUNT

 c2/m structure (layered)

*Liin TM layer

e Li/Mn ordering (honeycomb)

» structurally compatible with LiMO,,

Typical charge-discharge curves of Li,MnO,

| 3 (e)

ol — Cyele 1

i S o cuesz4 || Johnson et al., Electrochem.
15 - o i ey Comm. 7, 528-536 (2005).

0 40 4 120 160 200 240 280 320 380 400 440
Specific Capacity (mAh/g)

Current status:
Inconsistency in reported discharge capacity

What is limiting discharge capacity?
Mn valence is 4+; why can Li,MnO, be charged?
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Li,MNnO, D FEREAN=X L7

Proposed charge mechanism of Li,MnO:

Literature results: We want to find out:

- Li removed from lattice (ICP results)
From which site? (XRD)

- Mn remains 4+ (XPS results)
Other evidence? (XAFS)

- oxygen loss (oxygen gas detected with DEMS)
Amount of oxygen gas? (GC)

Robertson & Bruce, Chem. Mater. 15, 1984-1992 (2003).
Armstrong et al., J. Am. Chem. Soc. 128, 8694 (2006).
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EINERDEEZIE (XRD)

Superlattice peak
(from Li/Mn in TM layer)

Intensity (a.u.)

NWJ\’“’/\/% )

=N 101
ouU1 0000

17 19 21 35 37 39 41 43 45 62 64 66 68 70
20(°)
Disappearance of superlattice peak with charging
Li removed from Li layer and TM layer >+4 7?7

Charge: LilLi;sMn,s]0, —> Li* + e + Li, ,3[52
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Valence of Mn: X-ray Absorption Near Edge (XANES)
SPring-8 Beamline BLO8

2.0
18 |+ LibMnO, Li[NiCoMnl],/50,
16 | O LiNiCoMn],30, (Reference)

- 14 Mn K-edge

MnOgq
connectivity

Absorption(a.u

c o o = =
A O ® O N
I

3y
>
‘‘‘‘‘‘‘

absorption energy

0.2 affected by Mn valence
00 | |
6535 6540 6545 6550 6555 6560 6565

Photon energy(eV)
Li,MnO; and LNCM show similar Mn XANES before charging

Compare XANES profiles after charge-discharge

Copyright(C) SANYO Electric Co.,Ltd. 2011 23



Absorption(a.u.)

Absorption(a.u.)

Valence of Mn during charge-discharge (XANES)

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4

+ pristine
o charged
* discharged

——— - —— = — - -

charge
discharge

pristine
Li[NiCOMn]1/302

6553
Photon energy(eV)

6563

| & pristine
o charged

* discharged
A LiMn204

pristine Li,MnOg

Photon energy(eV)

discharge

Li[NiCoMn], 50.;:
(reference)

» Reversible

* Mn remains +4

Li,MnO,:

« Mn stays +4 during
charging

* Mn < +4 on discharge

REDFMHEIE?
\

Charge: Li[Li,;3Mn,;5]O, — Li* + e + Li1,3[DM”2/3@
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Absorption(a.u.

FT Magnitude

Mn local structure with charge-discharge (XAFS)

200807Li2Mn0O3 Normalized Absorption - Mn K-edge

2.0 — . i i
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16 | o charged :
14 | ¥ discharged . i .
1o | ALMNO, LiMn,O, o Li2MnQO3:
10 - R Mn stays 4+ during charging
0g ~ cischarge  charge T Reduce to low valence on
0.6 K= ; :
0.4 discharge dISCharglng
0.2
0.0
6558 6563
14
« pristine
121 o charged
wl oty AT * discharged
charge
8
By discharge
6 H Ay
.| Reduce in Mn-Mn FT suggests
.| 7 \ 4 A another change (e.g. oxygen
0 e Vi e
0 1 2 3 4 5 6
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Li,MNO,IEfB 4 # D LILEETEED

Charge-discharge: 1 mol Li extracted; 2/3 mol Li reinserted
XRD: Li extracted from both Li and TM layers

XAFS: Mn remains 4+ during charging;
valence decreases with discharge

GC: ~1/8 mol O, detected

LiyF B EHZ 851+ 2 Li,MnO, D E

Basic component

(" Li,MnO,:
@ Capacity ~250mAh/g
Li-rich Li,MnO, < Issues of Li,MnO;;:
* Low FCE (66%)
» (Gas generation
\_ * Poor cycle performance

+Stabilizing component
e.g. LIMO,, dopant

Symbiotic relationship between Li,MnO, and LiMO,
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