Available online at www.sciencedirect.com o

scrence @oimeers POWER
SOURCES

www .elsevier.com /locate /jpowsour

Journal of Power Sources 126 (2004) 182-185

Short communication
Surface-modification of LiMgO,4 with a silver-metal coating
J.T. Sor*, K.S. Parlé, H.G. Kim&, H.T. Chund’

@ Department of Materials Science and Engineering, Korea Advanced I nstitute of Science and Technology (KAIST),
373-1 Kusong-dong, Yusong-gu, Tagjon, South Korea
b Department of Ceramic Engineering, Dong-shin University, 252 Naju, Chonnam 520-714, South Korea

Received 3 June 2003; accepted 25 July 2003

Abstract

Spenel lithium manganese oxides with a nominal composition of kidMrare prepared by using a conventional ceramic synthesis
method and are coated by a chemical deposition of silver particles. The silver-coated nano-partigle, shtmws excellent cycleability
at 2 C galvanostatic conditions. The high surface electronic conductivity caused by the metal coating reduces cell polarization. The result
indicate that such surface treatment of cathode powders should be an effective way to improve cycle-life with high current retention.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction added carbon with reduce the energy efficiency of Likdp
electrodes.

The demand for compact rechargeable batteries of high This study examines the effect on the electrochemical
specific energy is continuously increasing in concept with performance of LiMaO4 by coating the surface with sil-
advances in portable devices and power sources for auto-ver metal. The treatment is expected to affect both the
mobile electrical systems. Among various candidate power charge—discharge capacity and the cycleability.
systems, lithium batteries offer the greatest promise for high
specific energy and powdfd]. Although various positive
electrode materials have been studies for lithium-ion batter- 2. Experimental
ies, LiMn,Oy4 is more attractive than other materials (such

as LiCoQ and LiNiO,) because of its low cost and envi- LiMn204 was synthesized by a solid-state reaction from

ronmental compatibility2]. reagent grade carbonates which were fired repeatedly for
High lithium-ion conductivity and high electron conduc- 24h at 800C. Reagents of MnC® (Junsei Chemicals;

tivity are essential for the good performance of LijDy 99%) and LyCOs (Junsei Chemicals; 99%) were used as

electrodes in lithium-ion secondary batteries. Guan et al. starting materials. The product was characterized by X-ray
[1] and Pistoia et al[3] have reported that the elec- power diffraction analysis.
trical conductivity of the LiMpO, electrode is about The flow chart of the synthesis procedure for metal coat-
2 x 1078 Q ecm1; while the ionic conductivity is approxi-  ing is shown inFig. 1 Water and ethanol were mixed in a
mately 104 cm1. These results suggest that LiMDy beaker and heated to 8C on a hot plate. The weight ra-
is a mixed ionic-electronic conductor with dominating tio of AQNO3 and LiMmn,O4 was 5[AgNG]/95[LiMn 204].
lithium-ion conduction. Thus, an electronically conductive The powder was suspended in the solution which was stirred
phase, such as carbon, may be necessary in order to fornvigorously with a magnetic stirrer. Then, a reducing agent
composite electrode with adequate electronic conductivity such as NBOH, HCHO was added to the solution to reduce
[4]. LiMn,O4 electrodes require, however, considerably Ag™ ions and thereby deposit nano-scale, ultra-fine, silver
more carbon than LiCofelectrodes, which have electrical particles on the LiMpO,4 powder. The residual substances
conductivities of about 10" to 10~ cm™1 [1]. Thus, the were separated by filtration with a vacuum pump rinse ma-
chine and water. After drying the powder in vacuum, it was
used for the preparation of a silver-coated LMD cathode.

* Corresponding author. Tek:82-42-869-4152; fax+-82-42-869-8650.  Scanning electron microscopy (SEM) was employed to ex-
E-mail address: sonjongtae@Kkaist.ac.kr (J.T. Son). amine the morphology of the powder, and energy dispersed
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Fig. 1. Flow chart of synthesis of silver-coated LipDy.

X-ray analysis (EDAX) was used to examine the uniformity 3. Results and discussion
and thickness of the metal coating.

A cathode electrode was prepared by mixing Li®a The surface morphology of the silver-coated LijDy
powder with 10wt.% carbon black (Vulcan, XC-72) and powder, in which the silver content was 3.2wt.%, is pre-
5wt.% PVDF (poly-vinylidene fluoride) in NMPN-methyl sented inFig. 2(a) Very small while spots were found to be
pyrrodinone) solution. the stirred mixture was spread onto highly dispersed on the LiMiD4 powders. The spots were

a 316 stainless-steel ex-met. identified as silver metal by energy dispersed X-ray analysis
The electrode specimens were dried under a vacuum at(Fig. 2(b). The diameters of the silver particles are in the
120°C. range of 10—100 nm. Uniformly coated LiM®, has an ex-

Athree-electrode cell was constructed for charge-dischargéremely low resistance and can therefore enhance the surface

experiments. Lithium foil (Foote Mineral, 99.9%) was used intercalation reaction. Under 2 C current conditioRiy( 3),

for both the reference and the counter-electrodes. The electhe silver-coated LiMpO4 has a high discharge voltage and
trolyte was 1 M LiCIQ, in propylene carbonate (pre-mixed at a capacity that is mainly the result of a reduction in cell
Mitsubishi Chemicals). Galvanostatic charge—discharge ex- polarization through a decrease in electronic conductivity.
periments were performed using a potentiostate/galvanostat If the silver content is too high, the coated layer forms a
(EG&G PARC Model 263). The cut-off voltage was set at barrier to the movement of Li ions, which results in a poor
4.3 and 3.0V for charge and discharge, respectively, at ainitial specific capacity5]. In the present study, however,
current rate of 2 C. a LiMnyO4 electrode coated with 3.2wt.% Ag exhibits no

Fig. 2. (@) Scanning electron micrograph of silver-coated LiWpand (b) corresponding silver-distribution map obtained by energy dispersed X-ray
analysis.
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Fig. 3. Initial discharge curve of LiMfO4 under 2 C galvanostatic conditions: (a) uncoated Lifnand (b) silver-coated LiMgD4.

lowering of initial capacity. This indicates that the porous data show that the silver-coated electrode has superior cy-
coating does not hinder Li ion movement on the electrode cling performance and higher capacity. The improved cy-
surface. cleability may be attributed to enhanced electron conduction

The electrochemical cycling behavior of uncoated and between LiMpO,4 particles, because of the low resistance
silver-coated LiMnOy4 electrodes is presentedhiig. 4. The of silver.
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Fig. 4. Cycle efficiency of LiMaO4 under 2 C galvanostatic conditions: (a) uncoated Lillp and (b) silver-coated LiMgO;,.
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