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ABSTRACT

Zirconium-doped Li; ;Co;_Zrs0, (0<x<0.05) powders as cathode materials for lithium jon batteries were synthesized using an
ultrasonic spray pyrolysis method. Cyclic voltammetry and cyclic stability tests were performed, and the changes of microstructure
were observed. The solubility limit of zirconium into Li; ;CoO, was less than 5 mol%, and monoclinic Li,ZrO; phase was formed
above the limit. The Zr-doping suppressed the grain growth and increased the lattice parameters of the hexagonal LiCoO, phase. The
Zr-dopiong of 1 mol% resulted in the best cyclic performance in the range of 3.0~4.3 V at 1C rate (140 mA/g); the initial discharge
capacity decreased from 158 mAh/g to 60 mAh/g in the undoped powder, while from 154 mAh/g to 135 mAh/g in the Zr-doped
powder of 1 mol% after 30 cycles. The excellent cycle stability of Zr-doped powder was due to the low polarization during charge-
discharge processes which resulted from the delayed collapse of the crystal structure of the active materials with Zr-doping.
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Fig. 1. XRD patterns of (a) Lil_ICOOZ, (b) Li1V1C00,995Zr0,00502,
(©) Lij1CopgeZty 010z and (d) Lij CogosZrgosO,
powders annealed at 900°C for 20 h.
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Table 1. Structural Parameters of Li; ;Co;_,Zr, O, Powders

X a-lattice c-lattice TIpo3/Tios R
0 2.8060 14.0204 5.635 0.995
0.005 2.8150 14.0378 2.836 0.652
0.01 2.8271 14.0991 2.001 0473
0.05 2.8209 14.0673 1.797 0.462
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Fig. 2. SEM images of Li; ;(Co,_.Zr)O, (x=0, 0.005, 0.01,
0.05) annealed at 900°C for 20 h.
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Fig. 3. Co L-edge NEXAFS spectra of Li; (Co;_Zr,)0,,
Co30, and CoO.
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Fig. 4. Cyclic voltammograms of (a) Li;;Co0O, and (b)
Li;1Cog 9971910, in a voltage range of 3.0~4.5V ata
scan rate of 0.01 mV/s.
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Fig. 5. Discharge capacity as a function of cycle numbers for
cells operated at 1C(140 mAh/g) in voltage ranges 3.0 -
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Fig. 6. TEM images of LiCoO, powders (a) before cycle test
and (b) after 50 cycles, and Li; ;Cog.g9Zry 910, powders
(c) before cycle test and (d) after 50 cycles.

ol3l7} FAt}. whA Zro] XY AL 20 Ko|E7A] A
o] HbAg-go) 7hAEA] 2USH, B3] 1 mol% XFD
AL 30 Mol Fol= 140 mA/g ©)Fe] WA gee 1}
Efle] dAEAE A Zo] 253 Ao|F EAL

B e},

=



P HgE T B

Fig. 62 Zro] A71ER] & JAbe} Zro] 1 mol% A7}
H 9] RolF A A3 nHFZE WEE Yolr
7] 91 TEMO2 23 Aldlo|t}, Al A Aol B
HE Zrg H7F Aoy A7bex @8 A 2T vy
Rem, Zrs AV A=k Ehde e YR ok
FaE o e Aol AAHAT EF At YR Y
HA4% w3l velhd Aoz FARE AL &3 A
Z Hol ATt §HE, AL 503 KolE AE F9
YA Zrs XS A (JB3IA] R AoA & o]
7F Atk XFekA] G ARe AL $F9 Bojg A
Ax WA F7ket e AL € 5 den,
e 427t she] AR Yoldd Aol FHe e A
dHoE Rald R 22 P s¥en Edo) o
+ AZoA U €hE 7ro] 71 At A1FE A
72 ol Holx] ol ¥ Ago] F71ekA] qgte
H FUE v HJHE JHZ FA8IL Itk Wang
& LiCo0 #olF Ag AFe] v|ATZ2E TEMSZ
#Fsle] HolF AE T ATl S7tsty A W
Hol Fdo] LAE AL It o] AFoN, Zr
A7l oaM Aolg Aol PEE 999 st
Zr Ago] FHHoE JojuEs o] 3o WiA
Tol HAshE AL AAslY 237zt BaEE AL
o7 WEolghe A & AN 28y Zro] oE
Al olg g 8L X dside GHeA o,
L% Dahn F°] ZrO, & & TWd TP oo
7200 zro] o] Ar|HEA o] S5atzm WA e] %
3 SEIE BAAIA &2 Adajde] A& vy s &
A AolE EAL FHNAS 7HsAE U7 wEd
¢1-8 HE3] 37 YslAE HRTEM, EELS 5& o]&3t
ALs B4 38 €87t ok

—

4.4 =
Zrol A A Li; ;Co.,Zr,0, (0<x<0.05)2 S 225
EFdEe Wys o8t FdsATE FAaE £l
o

A Zre] Z&IAE Smol% PIRrelg o™ 183HA B
H M Zr Hotell 2aiA JAA o] A AA H
N, AzPGre} ol Ejte A=rE Zrbetnt 2
L34 ol oM = LiZrOy7t AAEAT Zr A7kl 9
A H715EHE EAE =24 HgEY, S o))
A FEH EFo] dojus Hol A A Ao,
olgE EAo| A AU o3 [7)315H EA

Acknowledgment

2 A7 #Fspsleard A D88 o
A 2RSS BT HAYe Qo2 FHH
ouf ol BAEGUL.

REFERENCES

1. S. T. Myung, N. Kumagai, S. Komaba, and H. T. Chung,
“Effects of Al Doping on The Microstructure of LiCoO,
Cathode Materials,” Solid State Ionics, 139 [1-2] 47-56
(2001).

2. Y. J. Kim, T. J. Kim, J. W, Shin, B. W. Park, and J. P. Cho,
“The Effect of Al,O; Coating on the Cycle Life Perfor-
mance in Thin-film LiCoO, Cathodes,” J Electrochem.
Soc., 149 [10] A1337-41 (2002).

3. Z. Wang, C. Wu, L.Liu, F. Wu, L. Chen, and X. Huang,
“Electrochemical Evaluation and Structural Characterization
of Commercial LiCoO, Surfaces Modified with MgO for
Lithium-lon Batteries,” J. Electrochem. Soc., 149 [4] A466-
71 (2002).

4. I. Saadoune and C. Delmas, “On The LixNi, 3Coq,0, Sys-
tem,” J. Solid State Chem., 136 [1] 8-15 (1998).

5. 8. Oh, J. K. Lee, D. Byun, W. I. Cho, and B. W. Cho,
“Effect of A,O; Coating on Electrochemical Performance
of LiCoO, as Cathode Materials for Secondary Lithium Bat-
teries,” J. Power Sources, 132 [1-2] 249-55 (2004).

6. H. S. Kim, T. K. Ko, B. K. Na, W. L. Cho, and B. W. Cho,
“Electrochemical Properties of LiM,Co,_,O,[M=Mg, Zr]
Prepared by Sol-Gel Process,” J. Power Sources, 138 [1-2]
232-39 (2004).

7. S. H. Kim and C. S. Kim, “Improving The Rate Perfor-
mance of LiCoO, by Zr Doping,” J Electroceram.,
accepted.

8. K. Kang and G. Ceder, “Factors That Affect Li Mobility in
Layered Lithium Transition Metal Oxides,” Phys. Rev. B, 74
[9] 094105 (2006).

9. H. Wang, Y. I. Jang, B. Huang, D. R. Sadoway, and Y. M.
Chiang, “Electron Microscopic Characterization of Elec-
trochemically Cycled LiCoO, and Li(ALCo)O, Battery
Cathodes,” J. Power Sources, 81-82 594-98 (1999).

10. Z. Chen and J. R. Dahn, “Methods to Obtain Excellent
Capacity Retention in LiCoO, Cycled to 4.5 V,” Electro-
chimi. Acta, 49 [7] 1079-90 (2004).

A 458 A| 3 3(2008)



