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Abstract : Recently, many researches on the high-voltage 5 V class cathode material have focused on LiNigsMn, 5Oy,
where Mn*" in the existing LiMn,Q, (LifMn**][Mn*]0,) is replaced by Ni#* (Li[Ni*']os[Mn*],50,) in order to
utilize Ni**/Ni** redox reaction in the 5V region. The partial substitution of Mn in LiMn,O, for other transition metal
element, LiM;Mn, O, (M=Cr, Al, Ni, Fe, Co, Cu, Ga etc) is known as a good solution to overcome the problems
associated with LiMn,0Oy like the gradual capacity fading. In this study, we synthesized LiNiysMn,sO, through a
mechanochemical process and investigated its morphological, crystallographic and electrochemical characteristics. The
results showed that 4 V peaks had been found in the cyclic volammograms of the synthesized powders due to the
existence of Mn** from the incomplete substitution of Ni** for Mn** implying that the mechanochemical activation
alone was not good enough to synthesize an exact stoichiometric compound of LiNigsMn, sO4. The synthetic condition
of mechanochemical process, such as type of starting materials, ball-mill and calcination condition was optimized
for the best electrochemical performance.
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Fig. 1. Flow chart for the synthesis of LiNigsMn; sO..
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Fig. 2. TG/DSC curves of the mixed powder of the starting
materials.
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Fig. 3. Scanning electron micrographs of powder heat treated at different temperature for 6hrs : (a) as ball-milled and after 600°C (b) after

700~900°C.
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Fig. 4. XRD patterns of the synthesized LiNipsMn, sO4 powders.
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Fig. 5. Cyelic performance of synthesized LiNipsMn, 50, depending
on the amount of the added conductor.

3.2. LiNipsMn, 50,8 &7iststy 84 &4

32.1. =4 4%

27d F2E 7IAe §3Ee thE F2d bjg] M7 A
Tt w7l wiEe] S Wels el AR ol 5EE
') 98 B =EAE Hrke "ok o) A ol%
2ol YA YFEEFAN BE ool AuaEE 2 o
/AR AR 48et AU 2. Habe] I8
o "ot = ks dolrr] s sEAR vE
HE A BA A AYsET Fig 50 H7ME =404
Pl wE A dee] SAE ek 2 HEe] &
A9 Fol 20%8 B} 10%d o 2o o 3 Arjske
14 E}\-LQ_ L}—E}L}]ﬂ%}’;ﬁﬂ o]‘—- J;(HE‘ 7-1:151 747}%‘{__&
3 YAEZR] HFo] FE3] o)FolH zxbe] Hmel 714t
Ro= AziET)

322 9%H B4

3221, &8 AY HAF S (Cyclic Voltammogram)

Fig 62 o8 AY HAF 298 5 3550 VAR A9

oA 0.02 mV/ise] FAEER 23t 7188 wkge

i 18k A/BR] YN W peak 5L ZARIAT 4.0~41V

Y]
offt M1

%

*FS

2 N“) ‘01’

o 0 ﬂ*

LiNi, ,Mn O, 800, AirSh

Cugrent (mMA)

{ | —— Cycle 1
08 A | e Oycle 2
1 - Cyele 3

1.0 -r T T T T T ¥ T T
34 3.6 3.8 40 Q.2 44 48 4.8 5.0 §.2

Potential {V, vs. LisLiv}

Fig. 6. Cyclic voltammograms for the second cycle of the
LiNipsMn, 504 calcined at 800°C.



176 J. Korean Electrochem. Soc., Vol. 8, No. 4, 2005

Jeoafs NiFolLo] RE Mp*ol2g A&elal 47~48V
B Ni** 7} Nit 2 Arspuke-g sz s BE
ol2] ARrdelr) skl HATEY A (el 9 2ol 05
o} N7t XFE 79 o808 Mt e &4 A &
Al HEZ 4V doollMs= 2l 89 peak o] viehix] oA
o et A4 AEdE 4V oA peake] TEEY
ol BobuE g4 m2oiMe dAelr <3t Aadstes
Bogo] s 2nd i) s e Me¥ 7} 43}
g ns-s 3 AHE ¢ 4 Aok

S 2. charge
L1+N1xz+Mn,,2x3+Mn]+x“O4“ I,

Lip N, My H 07+ (1-29L1+ (1-2x)e” 4.1V platean)

Ni* Mg 0% +2xLi* + 2xe
{47V plateau)
1

Lis, 'Ni,2Mn,, F0,> —2hage

3222 394H &4

Fig. 72 700~900°C o} TR LiNigsMn; 04 A1 E0)] theh
Hal &g AlolE EAolth A4 Ny EE 2N
Ni{OH,LE AHESE Z-97F NiOE ARsE ARt o 938
2 viehiglon, gag 2704 s00°cYd o b S8
s Ve 94X SEM, XRD E49ME Ni(OH),S

150 8 700°C-Ni{OH),
140 | ~—o— 700°C-NIO
- SOO"C-NROH),
AT —9— §00°C-NiO
- 900°C-Ni{OH),
P L . —<— 808°C-NiO
§ml I R
--'"' .‘-.:‘; .“"'ln-l-
g 100 | oq " -".."""""n.-.--
g %g“w
& »t 0009000000 Saisgaa
0300900000000
8o b SR ea0cug, 1
10
o L 4 i : A It N i £
[ 10 20 30 40 50

Cycle Number

Fig. 7. Cyclic performance of LiNipsMu,50, synthesized with
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