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ok g g2dAE dF4A ALE Y3 LilLiMnCrl0:Z F A H(co-precipitation method)S-
ALt 247} 650 C(CR650)9) 850°C(CRESOYN A Alstgic). BlEWE FZEA Al AAake] Y
ZE YehE R A4S EW Repol 3 R Ruwp/Rep)E CR6507 CR8509] Zhzbol| 3|
19.2%/10.1%3} 15.9%/9.76%%E HoJFm, Regte 27t 10.9%9)F 8.54%, 121 S(GofF)#ke 2zt 1.9
o} 1602 AXNEAYTE FHE d2aAE FHE RInd SATZ(LiMO,)7F EAEE .o, o)
F% % U9 Mno| Lig XBFHAAM(LI[LiisMns]0y) BARER(C2/c)2] A2 AK(superlattice) T3
HAT BREHUC A" DHYIE BT R3m CR6500] a=2.85202)A, c=14.243()A, V=
100.40(1) A 0™, CR850-2 a=2.8504(1)A, c=14.237TU(T)A, V=100.1798)A’ 0.8 Z+z} Ax= et &
3l HF Z2AH 382 CR650+2 Li[Lip3sMnossCroos]O2, CR850-2 Li[Lig2/MngeiCro.3]0: 2.2 247}
T8 A}

= o

FQ0| : gF2AAA, 54, dolgd, Y, dELEY, F4TE, AdAA

ABSTRACT : The co-precipitation method is applied to synthesize the cathode material LiJLiMn.y
Cry]O; for lithium rechargeable batteries at 650C (CR650) and 850°C (CR850), respectively. Rietveld
indices indicate that R., with respect to Rexp (Rwp/Rexp) are 9.2%/10.1% for CR650 and 15.9%/9.76%
for CR850, respectively. Rg and S (GofF) shows 10.9%, 8.54% and 1.9, 1.6, respectively. Rietveld
structure refinement reveals that layer structure of LiMnQ, ( R 3m) coexists with lower symmetry of
Li[Li;sMny;3]0; (C2/c) due to superlattice ordering of Li and Mn in metal-transition containing layers.
Unit-cell parameters are calculated as a=2.8520(2) A, ¢=14.248(2)A, ¥=100.40(1)A° for CR650, and
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a=2.8504(1)A, c=14.2371()A, V=100.179(8)A’ for CR850. Final chemistry is obtained as Li
[Lio_35Mno,55Cr0_09]02 (CR650) and Li[Lio,yMnomCI‘oA]}]Oz (CR850), respectively.

Key words : lithium rechargeable battery, cathode material, transition-metal, co-precipitation method,
Rietveld method, layer structure, superlattice
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Fig. 1. Procedure for synthesis of cathode material Li[LixMn;xyCry]O; for
lithim rechargeable batteries using co-precipitation method
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Table 1. Experimental details and final parameters of structrure refinement of cathode material Li

[LixMn;+Cr,]O2

Sample # CR650 CR850
Equipment High-resolution X-ray Diffractometer (SIMENS D5005)
Rad./Monoch. CuKa/Graphite (40 kV/24 mA)

Sample Preparation
Rietveld Software
Starting Structure
Space group

2 0 range

Step size/time

thin film coating with spray

FullProf2000 (Rodriguez-Carvajal, 2002)
Arai et al. (2000) / Jansen & Hoppe (1973)
F3m (LiMnOy) / C2/c (Li[LiisMnys]0z)

10~120°
0.02°/40 sec (5,501)

Max. Intensity (counts) 2,735 3,622
No. of reflections 31 31
N-P+C 5451 5449
Ry(%) 14.7 12.0
Rup(%0) 19.2 15.9
Rexp(%0) 10.1 9.76
Ra(%) 10.9 8.54
S(GofF) 1.9 1.6
D-W 0.612 0.894
Esd* 3.690 2.742
U 0.42(3) 0.11(2)
14 -0.01(2) 0.06(1)
w 0.035(3) -0.001(1)

* Correction for local correlations (Bérar and Lelann, 1970)
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Table 2. Unit-cell parameters of LiMnO; and Li[LiisMnz3]02

LiMnO; ( R 3m)

Li[LiisMny]O, (C2/c)

CR650 CR850 CR650 CR850
a (A) 2.8520(2) 2.8504(1) a (A) 4.944(1) 4.9391(2)
¢ (R) 14.248(2) 14.2371(7) b (A) 8.547(2) 8.5438(5)
c/a 4.994 4.995 ¢ (R) 9.642(6) 9.6242(9)
V(A% 100.40(1) 100.18(1) 8 99.54(3) 99.505(6)

V (A% 401.8(3) 400.55(5)
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Fig. 2. Structure of LiMnO, (right} and Li[LiisMnys]0r (LixMnOs) (left).
Superlattice ordering of Li and Mn in transition-metal layer results in
reducing the symmetry of LiMnO; from R3m (right) to C2/c (left).
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Fig. 3. Observed X-ray diffraction patterns of Li[Li\Mn;..yCr,]O; for 650C (CR650) and 850C
(CR850), respectively. For comparison, the calculated pattern of Li[Lii;sMny3]O, is shown in upper
right corner, where dashed line repersents reflections of superlattice ordering of Li and Mn in the

transition-metal layer (Lu et al., 2002).
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Fig. 4. Observed and calculated X-ray diffraction pattern and residuals for cathode
material Li[LixMn;.«,Cry]O2 (CR850). Vertical bars indicate Bragg reflections of LiMnO;

(upper) and Li[LiisMna;]02 (lower).

Table 3. The element analysis and chemistry of cathode material Li[Li.Mn.«yCry]O:

Atomic% Rietveld Stoichiometry Measured Stoichiometry
Li Mn Cr Na (0=2) (0=2)
CR650 8.73 414 6.45 - e Li[Lio.35sMng s6Cro.09]
Li[LigsMn .
CR850 782 403 800  0.013 i[LiosMnos] Li[LiozMnoiCro i3]

o g=4.944(1)A, b=8.547(2)A, c=9.642(6)A, f=
99.543)°, V=4018(3)A°, CR850L a=4.9391(2)
A, b=8.5438(5)A, c=9.6242(9)A, B=99.505(6)°,
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