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ABSTRACT

LiMO,(M = Co,Ni) samples were synthesized with Li,CO;, C0;04, and NiO by the solid-state reaction method. In the case of
LiCo0,, at low temperature(T = 400°C) spinel structure was synthesized and the obtained spinel phase was transformed to layered
phase at high temperature(T > 600°C). The phase transition behaviors of LiCoQ, were investigated with various heating temperature
and time. The rate of transition was directly proportional to the concentrations of reactant, and activation energy of reaction was around
6.76 kcal/mol. When CoO(rock salt structure) was used as a starting material instead of Co;0(spinel structure), layered structure of
LiCo0O, was obtained at low temperature. In the case of LiNiO,, the transition from layered structure to rock salt structure occurred
easily by disordering/ordering reaction, but did not occur in LiCoQO,. The difference in metal jon radii in LiCoO, and LiNiO; results
in different behaviors of phase transitions.
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Fig. 2. Crystal structure of spinel-phase LiCoO,.
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Fig. 3. Crystal structure of rock-salt-phase LiNiO,.
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Fig. 5. X-ray diffraction patterns of samples heated at various 1T (x10°%)
temperatures for 4 h in air atmosphere. Fig. 6. Diagram for the calculation of activation energies.
Table 1. Results of Rietveld Refinements of LiCoO, Heated at Various Temperatures
475°C 485°C 500°C 515°C 525°C
Volume fraction of spinel structure 0.518 0.494 0.445 0.397 0.361
Volume fraction of layered structure 0.482 0.506 0.555 0.603 0.639
Rop 8.57 8.11 8.23 8.69 9.19
Regp 634 6.30 5.99 6.15 6.46
R, 571 5.73 5.51 5.79 6.27
Chi’ 1.83 1.95 1.88 1.99 2.02
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485°C lh  4h  8h W-SAS k2 3T 485°C, 500°C, 515°CHIA kLS
Volume fraction of spinel structure  0.532 0494 0451 Zrz; 1.40 x 10_2, 1.54 x 10_2, 243 x 1072 ALY, &
Volume fraction of layered structure 0.468 0.506 0.549 C b EvtE met pt EU1HE Ao RRE ert &

Rup 802 881 8IS FHER ARl $57b weldnky AzhE,
Rexp 574 630 561 log(1 - 1) = —kt @

R, 545 573 558
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Table 2. S;)S};ggglts of Rietveld Refinements of LiCoO, Heated E j}}ﬂ L JJ ;}&1 —7%}\?:]05 ;E %OE?l- oA %'*ok—r"
S00°C T TEET z= TERE o] stefof gt a2yt LiCoO,

Volume fraction of spinel structure  0.498 0.445 0.389
Volume fraction of layered structure 0.502 0.555 0.611

175
Rup 807 823 851 ] W 4857
® 500C
Reep 593 599 593 1ok 0 5150
R, 531 551 576 —_
Chi® 185 188 2.06 = 1651
g
Table 2. (¢) Results of Rietveld Refinements of LiCoO, Heated = ie0
at 515°C g
g |
515°C lh 4h 8h 155
Volume fraction of spinel structure  0.468 0397 0.317 }
Volume fraction of layered structure 0.532 0.603 0.683 150 F
Rup 9.07 869 9.07
o 1 2 3 4 5 6 7 8 9
Regp 6.60 6.15 654 Time (h)
R‘fz 395 579 609 Fig. 7. Diagram for the calculation for rate constant(k) of first-
Chi 1.89 199 192 order reaction.
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Fig. 8. X-ray diffraction patterns of samples heated at 500°C for various times in (a) air and (b) N, atmosphere, using a starting
material of CoO.
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Fig. 9. X-ray powder diffraction patterns of the samples
(LiNiO,) obtained by heat-treatment in O, atmosphere
(a) after heating at 700°C for 24 h followed by slow
cooling, (b) after heating at 950°C for 24 h followed by
rapid cooling, and (c) after heating at 700°C for 48 h
followed by slow cooling of sample b.
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Fig. 10. X-ray powder diffraction patterns of the samples
(LiCo0,) obtained by heat-treatment in air atmosphere
(a) after heating at 750°C for 24 h followed by slow
cooling, (b) after heating at 950°C for 24 h followed by
rapid cooling and, (c) after heating at 750°C for 48 h
followed by slow cooling of sample b.



gdE 22 ARG SFFFEE LIMO,M=Co,Ni)e] 259} 2kd Fel] uj& Ao] AF 297

2utAn R #27) wEolgta Azt
4.4 g

Li,COs3 Co;0,8 EUUEE AMESIY TS H O
2 LiCo0,E §4E woll A2ex 2udio] A=
227t FUHEHE FAATRE o] gk 2 d Al A
Fgo g Aol £x& AavdAe Fxo 1A HE
3kaL, A olAl 8493} ol A= F 6.76 kcal/molo|t}. A
2o FAAFRIE GAEHA E symmetry7t L 21|
dpzrt o]FefR|E olft FUYEE AVYTERE J}
AE Co05 AHEEI7] wiolet Az, Sa9s
2 Cos0, A GHFZQ CoOE AHE3IE Ao F
B 24727 gAEUTE 29d 729 LiNiOyF 34
H7] oy R 294 729 Ni;0 7t A e
Az o] ot

LiNiO,9] F472NAM dg7FRE] AHole L&
w2}l disordering/ordering®ll 23} €A Loy, LiCoO,
o] FAFZAAN GPAFERE AHole 4A dojuA
or=th LiCoO,7t LiNiO, 2t} A HA FAFEE #
AstE Ze ol2wAM] LiYCo™7} LiYNi™ Bt 2 A
o] 1 f1gle] & £ girjaw Ayztdr.

REFERENCES

. Y. Shao-Horn, S. A. Hackney, A. J. Kahaian, and M. M.
Thackeray, “Structure Stability of LiCoO, at 400°C,” J.
Solid State Chem., 168 [1] 60-8 (2002).

. Y. Shao-Horn and S. A. Hackney, “Structure Features of
Low-Temperature LiCoO, and Acid-Delithiated Products,”
J. Solid State Chem., 140 [1] 116-27 (1998).

. E. I Santiago, A. V. C. Andrade, C. O. Paiva-Santos, and L.
0. S. Bulhoes, “Structure and Electrochemical Properties of
LiCoO, Prepared by Combustion Synthesis,” Solid State
Ionics, 158 [1-2] 91-102 (2003).

. K. Yamaura, M. Takano, A. Hirano, and R. Kanno, “Mag-
netic Properties of Li;_Ni;,, 0,0 < x <0.08),” J. Solid State
Chem., 127 [1] 109-18 (1996).

. M. E. Arroyo y de Dompablo, and G Ceder, “First-Prin-
ciples Caculations on Li NiO, : Phase Stability and Mon-
oclinic Distortion,” J. Power Sources, 119-121 645-57
(2003).

. 1. B. Goodenough, D. G Wickham, and W. J. Croft, “Some
Magnetic and Crystallographic Properties of the System
Li* Ni"™*,ni"™0,” J. Phys. Chem. Solids, 5§ [1-2] 107-16
(1958).

. T. Ohzuku, A. Ueda, M. Nagayama, Y. Iwakoshi, and H.
Komori, “Comparative Study of LiCoO,, LiNi;;Co,,0,
and LiNiO, for 4 volt Secondary Lithium Cells,” Electro-
chimica Acta, 38 [9] 1159-67 (1993).

A 428 A} 4 3(2005)



