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Abstract The spinel structured LiMn,O, was obtained by two consecutive heat treatment on xerogel; the first heat
treatment was at 150°C and the second at 350°C was obtained by sol-gel process using an aqueous solution of lithium
hydroxide and manganese acetate. The synthesized LiMn,O, by the sol-gel process showed a discharge capacity of 88~
56 mAh/g after 15 cycles in Li/1M LiClO,(in PC)/LiMn,O, at a current density of 0.25 mA/cm’ and the voltage ranged
3.5V to 4.3 V. For the second heat treatment above 35F°C, Mn,O; was formed as a by-product during the synthesis of
LiMn,O,. The heat treatment at 500°C, for example, showed a lower discharge capacity, 81~47 mAl/g, after the 15
charge/discharge cycles. The lower capacity was due to the increment of Mif* ion and this phenomenon was in agreement
with the Jahn-Teller distortion.
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Fig. 1. Temporal changes in solution viscosity for base-
catalyzed NH,OH.
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Fig. 2. T.G.A curve of a product obtained after first heat
treatment for 12 hrs at 150°C.
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Fig. 3. Infrared spectra of the products synthesized by
sol-gel process at various time and temperatures (a) 15FC,
12 hrs, (b) 200°C, 24 hrs, (c) 350°C, 24 hrs, (d) 400°C,
24 hrs, (e) 500°C, 24 hrs, (f) 600°C, 24 hrs.

3.12. 93 AAHES] gx7 &= O FTIR ¥4

Fig. 3& LiMn, 0,2 43317 S8 g &8 ¢
olRr] 28l ofa) 7}x] 2%ollA FA|Fsle] o A
4E9] FTIR spectra®] Azt Fig. 39 Vepd 24"
150°C, 12717 B¢t 13 IA2E (@9 39 &2 2d=
ARgEE B4 olH|olE 29] C=C7} 1520 cm’! oA
A& % (stretching vibration)S 22X 700~800 cm™,
1300~1400 cm™ B2l 4 -CH,, -CH,¢] #3 %< U
el 9o NH,*9] peak’} 3300~3500 cm oA L}
Bl Qs AE B 4 U} o] peakis 200°CVHA)
t& ZolE7|e it adlE EAEE glou} 350°C o)
delMe EAER e AL & F ok

wEbs F opEe|Ext ArbE NH,0H= 350°C ©)
sl AASE AL & F Adrh EFF 350°C oMol
Rz A 619 cm™F 526 cm'elA LiMn,0.8] v,3%
voll B F Nl peakrt e Y AL B S
itk o]#d Ae TJ. Richardson 53 P Endres %
(8,912l ATAiolA & F U] tetrahedral LiO7}
600~650 cm™0] 37 octahedral MnOg7F 500~600 cm™o)
A V) diEel = 712 peakE VLKA =, spinel
T2 W) HolF&ole] et gike| glEFSoled o
3 g3FRT} I 28 octahedral MnOgZ} UER = 526
cm™] peak’} tetrahedral LiOy} YR 619cm™ 2
o 27 Jehhs 21g B 5 ok



222 Jin-Sik Lee, Yong-Sung Park and Je-Wan Woo

w=hA] IR spectra #4943} LiMn,0,2] 54 peak?l ¥
M) peak7} 350°C oldellx Uehl= RS 94 5 o

3.13. AR o3 PAH wkg ANES XA 3d B

Fig. 4= Edvo2 FAY A% 47 A7 150°C
Al 1277 BRF 17 %iialt‘& Foll A8 7] LZoA]

22t 48|18 SRS BRI 9% XA SEENA
41;}, Fig. 49 vephd Zﬂﬂf“—é dx2]s7] Aol 79 F

P2 WEMIZ et 150°CeAM 13k ExE e o
200°C°ﬂ/\1 gxag 749 LiMn,02F LiMnO7} 3 U
B Qe AL 2 4 o, 350°ColME LiMn,O,
o] d=2dol dist HgMo] ekl e AL 2 9l
o} =3 400°Cet 500°ColA = L1Mn2049)r %7 Mn,O,
7b YeRIaL 9lom, 850°ClAE LiMn, 0,8 Li;MnO,7}
) eI 9l AL g S qinh 0|9} ze] 850°C

o LiMnOs2l mAel Uehtx gl Ze QA
Fig. 2914 790°C~830°C7HA] ¢F 3.3 %9 3744 A

o] Uehl= Zz AL glor, ol 790°C~830°CeilA
0,2] 4771 2AsEA FE3F 9% (rock salt phase)
9] Li;MnO;2 Ho|=& Ax2 AlEHr}

upebx olE|et Ayks (59} o) veld  9low,
o] LiOH-H,0%} y-MnO, & AM:-8le 2% w3l u}
2 982 49E MM. Thackeray?] & et A
7 780°C~950°CellA <43t Li;MnOy0] YE = 7
FoZ & 5 UrH10].

(a) Before heat treatment

D et

(b) 200T, 24 hrs

Q. ® @

A {c) 3507C, 24 hrs
N (d) 400C, 24 hrs

(e) 500C, 24 hrs

Intensity

(f) 8507, 24 hrs

10 20 30 40 50 60 70
26 (")-CuKa

Fig. 4. X-ray diffraction patterns of the products obtained
by heat treatment at various temperatures before and after

the first heat treatment.
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Fig. 6. Particle size distributions of the products obtained
at 350°C, 400°C and 500°C after the first heat treatment for
product synthesized by sol-gel process.
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Fig. 7. Cyclic Voltammograms of the product obtained at
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Potential range : 3.0~4.3 Vi;+).

I (mA/cm?)

10 L . ! ! 1
3.0 33 3.6 39 4.2 45

E (V vs. Li/Li")

Fig. 8. Cyclic Voltammograms of the product obtained at
500°C after the first heat treatment (Scan rate : 5 mV/sec,
Potential range : 3.0~4.3 Vijp;+).
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