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ABSTRACT

LiCoO, is the most common cathode electrode materials in Lithium-ion batteries. LiCoy4,Mgg 030, was synthesized by the solid-
state reaction method. We investigated crystal structures, electrical conductivities and electrochemical properties. The crystal structure
of LiCog97Mgg0;0, was analyzed by X-ray powder diffraction and Rietveld refinement. The material showed a single phase of a
layered structure with the space group R-3m. The lattice parameter(a, ¢) of LiCopg;Mg 030, was larger than that of LiCoO,. The
electrical conductivity of sintered samples was measured by the Van der Pauw method. The electrical conductivities of LiCoO, and
LiCog g7Mgy 030, were 2.11 x 107 S/cm and 2.41 x 107" S/em at room temperature, respectively. On the basis of the Hall effect
analysis, the increase in electrical conductivities of LiCopg;Mg 305, is believed due to the increased carrier concentrations, while the
carrier mobility was almost invariant. The electrochemical performance was investigated by coin cell test. LiCog.7Mgp030, showed

improved cycling performance as compared with LiCoO,.
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Fig. 1. XRD patterns of (a) LiCoO, and (b) LiCog¢7Mgg 430
phases by Rietveld refinement.
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Table 1. Hexagonal Cell Parameters and Oxygen z Position from Reitveld Refinement of LiCoO, and LiCoy o;Mgg 030, Samples

COmpound Ahex. (A) Chex. (A) Zoxygen Rp Chlz
LiCoO, 2.81417 14.04346 0.23970 8.78 1.86
LiCop 97Mg 305 2.81638 14.05293 0.23953 8.26 175

A 424 A9 3(2005)



604 | AT - AR - AAS - olF - T

Table 2. The Calculated Cation-Anion Distances and Angles from Rietveld Refinement of LiCoO, and LiCog 9;Mgg 030> Samplés

Distance (A) Angle (°)
Compound :
Li-0 Co-0 0,"-Li-0,/0,-Li-0, 0,-C0-0,/0,-Co-0,
LiCo0, 2.0902 1.9214 84.63/95.37 94.16/85.84
LiCog97Mg0.630: 2.0932 19216 84.56/95.44 94.25/85.75
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Fig. 2. Electrical properties of LiCoO, and LiCoqe;Mgg 0304
(a) electrical conductivities, (b) carrier concentrations,
and (c) carrier mobilities.
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Fig. 3. Charge-discharge profiles of (a) LiCoO, and (b)
LiCog97Mgg 030,
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Fig. 4. Cycling performances of LiCoO, and LiCoj ;Mg 930,
at 0.5C-rate (voltage range : 4.3 — 3.0 V).

diffraction?} Rietveld £4-& &34 R3me) 3472 &
Udg st Cost Mgel o] 2wt Zpol= <lsy
LiCopg7Mgg 30,5 LiCo0, Bt} ARGt F7lehad A,
Co-0, Li-0 Atele) Agdel F7Fatth. 0-Co-02 2
zhe AR aFHIO0,-Co-0,)E F7HeHIE, AR
EHEH0,-Co-0,yF Zastath. 0-Li-09] 7%= 0-Co-
0%} W E aF W (O0,-Li-0)& F23AL AR &

%

g 243, Lol A4d=e] & interslab AH2le &
3} th. Van der Pauw method®} Hall measurement
sl A7 AEE 9 carrier concentration % carrier
mobilityS &3t LiCoye,Mgp ;0,9 A7 EEE
241x 107 S/emZ LiCo0, 2Tk °F 10° Siem Z7aklvh.
o] Mg =39l 2% carrier concentrations} ZA 7} U

71884 HAFEL coin cellE: AZS] FWAd Adgos
ol gkt LiCoygiMgg 030, LiCoO,2F ] ate] &3
724 Qo) Holdt £ 54 Jelth o= AV|H=E
T Z7ve 3 Liol A E )& interslabe] A7 F
77 Li oj2¢] 7131 gAY e folatA 7] o

Bolgtz Azt

o] EES 2004d% AEUSy StEAFT AT o

ato] AFEHAE.
REFERENCES

I. M. Armand, “The History Polymer Electrolytes,” Solid
State lonics, 69 [3-4] 309-19 (1994).

2. H. V. Venkatasetty, ““Novel Superacid-Based Lithium Elec-
trolytes for Lithium lon and Lithium Polymer Rechargeable

2 428 A9 5.(2005)



606

A5A - A -

Batteries,” J. Power Sources, 97-98 671-73 (2001).

. M. Yoshio, H. Tanaka, K. Tomonaga, and H. Noguchi,

“Synthesis of LiCoO, form Cobalt-Organcic Acid Som-
plexes and Its Electrode Behaviour in a Lithium Secondaer
Battery,” J. Power Sources, 40 [3] 347-53 (1992).

. S. T. Myung, N. Kumagai, S. Komaba, and H. T. Chung,

“Effects of Al Doping on the Microstructure of LiCoO, Cath-
ode Materials,” Solid State Ionics, 139 [1-2] 47-56 (2001).

. Y. J. Kim, T. J. Kim, J. W. Shin, B. Park, and J. Cho, “The

Effect of Al,O; Coation on the Cycle Life Performance in
Thin-Film LiCoQ, Cathodes,” J. Electrochem. Soc., 149
Al1337-A1341 (2002).

. 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 A466-
A471 (2002).

. Z. Chen and J. R. Dahn, “Effect of a ZrO, Coating on the

Structure and Electrochemistry of Li,CoO, When Cycled to

HEREEEER

A

As -

8.

9.

10.

o) - AYF

4.5V, Electrochem. Solid-State Lett., 5 [10] A213-A216
(2002). ‘

I. Saadoune and C. Delmas, “On the Li\NiygCoq,0,,” J
Solid State Chem., 136 [1] §8-15 (1998).

C. Julien, G A. Nazir, and A. Rougier, “Electrochemical
Performances of Layered LiM, M0, (M =Ni,Co; M'
Mg,Al,B) Oxides in Lithium Batteries,” Solid State Ionics,
135 [1-4] 121-30 (2000).

H. Tukamoto and A. R. West, “Electronic Conductivity of

LiCoQ, and Its Enhancement by Magnesium Doping,” J.
Electrochem. Soc., 144 [9] 3164-68 (1997).

. H.-S. Kim, T.-K. Ko, B.-K. Na, W. I. Cho, and B. W. Chao,

“Electrochemical Properties of LiM,Co;O,[M =Mg,Zr]
Prepared by Sol-Gel Process,” J. Power Sources, 138 [1-2]
232-39 (2004).

. S. Levasseur, M. Menetrier, and C. Delmas, “On the Dual

Effect of Mg Doping in LiCoO, and Li;.5Co0O; : Structural,
Electronic Properties, and Li MAS NMR Studies,” Chem.
Mater., 14 3584-90 (2002).



