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Abstract: Layered Orthorhombic LiMnO, (0-LiMnQO,) was synthesized via a solid-state reaction. The phase
transformation of the material during electrochemical process was investigated using ex-situ high-resolution X-ray
diffraction and Rietveld refinement. The results reveal that partial phase transition has been appeared on 0-LiMnO,
cathode during the first cycling. After five cycles, 0-LiMnO, has been completely transformed to other products. Two
phases as suggested by computational methods (density functional theory) and crystallography in literatures,i.e.
spinel-like(LiogsMng14)(Mngoolioes)04(Fd3m), and rock-salt phase(Li,Mn)OZ(Fmgm), have been confirmed to be present
in the products. Quantitative analysis was carried out on the abundances of the above two phases. Both of the two
phases are proved to be involed in the electrochemical process, and the contribution of discharge capacity of the
spinel phase to the process is more than that of the rock-salt one. The rock-salt lithium manganese gradually
transforms to spinel one during electrochemical cycling. With the increase of the content of the latter, the discharge
capacity of the cathode increases. After the phase transition ceases, the cathode reaches the maximum discharge

capacity, and the process of capacity activation ends.
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Fig.1  XRD pattern of the as-prepared o-LiMnO,
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Fig.2 Charge and discharge curves of 0-LiMnO,

on different cycles
TR 16d 30 T A 8a {37 B4 FE %122 it 25 406 345 UK 4
(3G AN B B AR K i 2 AR
JICHL 7 S BEAE PR PTG AL OC R AE R 3 2, iz A
IR 0-LiMnO, 95 YO AL 25 e B0AIG, Bl & 106 B4
HL 2 I W O 28 10 WA PR 16 Ak J5 i H 75 A )
R iZE S5 E 2 #R w2 B A A R 2 )5 %%
IR 18

60 -

Discharge capacity / (mAh-g")

N
(=}
T

0 10 20 30 40 50 60 70 80 90
Cycle number
K3 o-LiMnO, (7 L 75 5 BE R B A4 428 4k ¢ &
Fig.3 Specific discharge capacity as a function of

cycle number for the o-LiMnO,

2.3 0-LiMnO, ZEB BRI RPHB T RIBEH

AN [R] AR 228 20 B Bl 4R /IR B A2 XRD ]
Kl 4 frs, WTRVE W G 1 IRJGBR T 0-LiMnO, 1)
FRAE AN I8 H BT BT A G 0 | UL i IR ER E
R SR E 2 BB R B S R
0-LiMnO, FFFIE I A ERIH 2K | R WII Y 0-LiMnO, &
S5t RN R N B S5 SRS 5 I XRD A7 T %
AHEL, D8R 10 IR VLG 4 XRD A7 506 040 5 3% A 748
b, R 05 B R0 1Y) 5 B A T AN [R) | R 28 5 IRAE 3R
Jei , ANTEAT B AR = A

R TR A P AR AT S0 KRR 10 WK R

5th cycle

Ist cycle
L 1 L 1 L L 1
20 40 60 80 100 120 140
20/ ()

Bl 4 o-LiMnO, /N [ 4 55 B B A AR 56 XRD [
Fig4 Ex-situ XRD patterns of 0-LiMnO, at different
cycle stages

i i XRD B 4T 1404, SHFRESE Li Mn,0 =JC
AT WM R B JE R A R LiMn0,[ 2
[ . Fd3m(No.227)], AJ J&AF 4 3 Bt A B2 1 1Y) de it
WETE 20=43.7°4L | WA J& R fh A1 LiMn,O, i 5 1§
(111) &) FFTEY) 20=18.6°4L , H34h, 1 20=43.8°,
37.5°F1 63.6°4b (AT I Wt 5 4R Al AT LiMn,0, 7E
AL X N AT S W5 B LB R AT TR B TR R
U8 LiMn,O,, Bk, AT LA AH A5 7= B T 252R
i1 LiMnO, 4b, AFEHEYAE, #—22Frin
T E SR A Rietveld 43 BTk AR 5 A A AT 5 2k
AT S P T D3 ok S R A2 FE 20=37.5° 43.7°F
63.6° 407 i W FEAT WA A BC B FRB) T A RN
Fm3m(225) WA, I H | Wi He il vy & 54

T UL LA HW, X XRD 77 4t k17 £ 4
Rietveld 7787, Bt AHLLZS [BIHEN Fm3m(No.225) 1%
LiTiO, A SR [F] i B 4352 4 LiTio, b 4a
A7 13 1 4 J@ ST Ti el Min, 15 81— B A4 bR 45
¥, SRJG T — 5 1 Z M Rietveld 5347, 45 JL
LIV B N (bred T ey R SR AR o W {1 M W o s
J& , FHATF A2 Rietveld B, 25 402 B 0 A7 72 1A M
U J8 AT S W AR AR S LA O A R 1Y &5
A NS Z 40 Rietveld 2387 . Rietveld A& 1& & 41
Kl 5 FIt 75 Rietveld 73 #1 89 46 4% . R,,=8.36% ,R =
6.24% , NI AT L IR S SE g e 2 B W)
JEUFIY R AR A AH A AN G R 18 12 T
SER AT R I 1, 136 1 SR AT AL 0-LiMnO, £8
AR A SE AR fG , B T 2R A0 B4 TR
BRI R R PR AR PT84 A A LR R AR 1 2
[ B . Fd3m(No.227), it i Z 500 4=0.824 8(2)nm, I
"1 91.84% 1) Mn J&F Fl 8.16% 1 Li I ¥ L[] 5 4%



% 6 9]

FWTTHTAE IR SRR LiMnO, 78 1AL 06 PR A2 rh i AR A8 A Al 947

R.,=8.36%
R=642%

Intensity (a.u.)

A i g . n T i
20 40 60 80 100 120 140
20/ (%)

From top to bottom:calculated XRD pattern, observed XRD pat-

tern, and the difference
K5 0-LiMnO, fE ¥ 10 &5 #E 5 XRD 11 Rietveld
it 4
Fig.5 XRD Rietveld refinement pattern for 10th
discharged sample of 0-LiMnO,

16d1 B ,86.01% Li 5T F1 13.99% 1 Mn Ji ¥ 3
[A] b7 4 8a 1V ¥, 0 JE T 50l & B 326 178, fb2#at
m E ﬂ‘j (Lio_gﬁMno_M) [Ml’l()_()QLi()_og]204 5 % Jj::l]l:z E‘! I‘EJ?]]‘ @ﬁ %E E/'J gg

6] Bf . Fm3m(No.225), i il Z 50 K a=0.4123(1) nm,
Horb iy Li A1 Mn J 7 JL-FRL 121 /9 e 2 1] o 4
da P8 O BTN S 4 4b 7 E | HAR TS
(Li,Mn)O,.,

0-LiMnO, J& # ) 22 WA E M, fE it #
BEE Li & F B, 58 50% 0 Mn B 5 M o-
LiMnO, 9 /\THAK 2a (788 ) Li 20T, & A AHAE 204
AR PR A 24 i AT LiMnoO, O 8% ) 32 Uk sgis -2
M Wei 5509 B0 A< 1 45 #4) 1 387 48 (Phase 11 ), # A
AT RE I 2 AR SO S 1) 2k 7R 45 #4194 82 2 (Li, MIn)
0,. Reed %5PUF| % B 77 s BLIE T 5045 1, UZAR
LiMnO, [ 254 fib A AR G A8 1 o A v 25t B — A ad
JEAH . Chiang S5 F R 2% 431 2R LiMnO,
6] LiMn,O, 48 1) i B vh B 220 — A (B e 7%
EGTFR 1 8 T 2 A 45 K 1 2o U &5 4 ) 25 Tl B Oy
Fm3m WA R RVEE ) e 6 FirR , AR SO g R 5
PRI TR A A I 2508 — 2,

% 1 0-LiMnO, f&F 10 X /5 XRD Rietveld #51ERGH 105 ¥
Table 1 Structural parameters obtained from XRD Rietveld refinement of 0-LiMnO, cathode after 10 cycles

Atom position

Phase Space group Cell parameter a/ nm Atom site Occupancy
x y z
LiMn,0, Fd3m 0.8248(2) Li; 8a 1/8 1/8 1/8 0.816(4)
Mn;, 8a 1/8 1/8 1/8 0.139(2)
Li, 16d 12 12 172 0.918(2)
Mn, 16d 12 12 172 0.082(4)
0 32e 0.2651 0.2651 0.265 1 1.00
(Li,Mn)O, Li 4a 0 0 0 0.52(5)
Fm3m 0.4123(1) Mn 4a 0 0 0 0.48(5)
0 4b 12 12 172 1.00
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Fig.6  Crystallography of the transformation form layered

LiMnO, to spinel upon electrochemical cycling™
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