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Abstract — Nanorod-clustered MnO, precursors with a-, 3-, and y-phases are synthesized by hydrothermal reaction of
MnSO,5H,0 and (NH,)S,0;4. The formation of nanorod-clustered 3-MnO, is particularly confirmed under the condi-
tions of high reactant concentration and hydrothermal reaction at 150 °C. The spinel LiMn,O, nanorod-clusters are also
prepared by lithiating the MnO, precursors, varying the concentration of lithiating agent (LiC;H;0,-2H,0) and heat
treatment temperature, and characterized for use as cathode material of lithium-ion batteries. As a result, the nanorod-
clustered LiMn,O, prepared from the B-MnO, at higher LiC;H;0,2H,O concentration and the annealing at 800 °C is
proven to show the cubic spinel structure and to achieve the high initial discharge capacity of 120 mAh/g.
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Fig. 1. Crystallographic structures of (a) a-MnO,, (b) B-MnO, and (c¢) -MnO, down the c-axes [10].
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Fig. 2. Hydrothermal synthesis methods: (a) Wang-Li's method [8], (b) MnO, synthesis varying reactant concentration and reaction time, and (c)

LiMn, O, synthesis by the lithiation of MnO,.
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LiH$1el4 LiMn,0,°] ©]&-8% 140 mAh/g(Li,Mn,0,°] x=1.0°1
50l tiste] 120 mAh/gS 7158502 497319 0.2 C-rate®]
AFLER 25 °Ce] =230 ollq g AAlsiglth

El7} A5 7] Azsk=t, ti7l 2 pm o]3F do]o] vhg Tt
radial Wk 2 S35 nanothorn 22 AR %2 27 10
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AR g E S 49 A71e adlE fAEY 230
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Fig. 3. SEM images of MnO, powders synthesized varying the ini-
tial stirring time: (a) 10 min, (b) 1 h, (c) 3 h, and (d) 5 h.
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Fig. 4. XRD patterns of MnO, powders synthesized varying the ini-
tial stirring time.
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(e) 0.064 mol, 150°C, 15 h

Fig. 5. SEM images of MnO, powders synthesized varying the reac-
tant concentration, reaction temperature, and reaction time:
(a) 0.064 mol, 120 °C, 12 h, (b) 0.032 mol, 120 °C, 12 h, (¢)
0.016 mol, 120 °C, 12 h, (d) 0.008 mol, 120 °C, 12 h, and (e)
0.064 mol, 150°C, 15 h.
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Fig. 6. XRD patterns of MnO, powders synthesized varying the reac-
tant concentration, reaction temperature, and reaction time.

A FAFA 2710] 120°C, 124171 A, HH8-2 Herh vk
ok | um 2012 7B ez = Feje) Mn0o7t B2E w0
Bol it45el FerHPOR A gl Bt el SR

T G AFe] ok T2y WhEE st SR ol 2§
W25 MOyt 6414 AAIRYS] 2= SYAHE o5
o] A& 7= i) SlbdE Holw, w57t
ﬁ f7}ﬂ°ﬂ ufe} ol2f g g Al ek Vg & S AE 2] A
Z7F 85 Hollskdnk. Teu s oA A £57F o
32 73$(150°C, Fig. 5(e) Fx)els the2=is v vlAlsie 1
raidal ko] opz} qle] Wigkow SAJE o] S AE7} At
= A3 202 dedt Manke 2 AAEE Mn0,2] BEZA|
7h el gk o oleS Svlstal Qlvk. elal ke e
ol The AN IR HH(Fig. 6 350), 120 °C A R/IAoll=
& REg= 504 B-MnO, Aol F= vehr], 527t S71g
o W} y-MnO, A0 2 W3} 1 HEEE 0.064 m01°ﬂ ol2w o
! 0-MnO, 2] AT W3 :Fg,g oF 2= ot} uhHo|| 42033t
7 257 o E2 Aol tiFRE B-MnO, o] UERt=), ©]
A& EiinEP—{P ohuel A7 el Wshe AR el A
Fe S oJu|itt
o] ofg] 7k FAPA 2310 E AZE MnO, wTE olE
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o] B4 2K A3E Fig. 734 8ol AASISITE ¢4 A S
/3 Z71 120 °CE A|lxsto] A, Hellsh S 7= A 71]5‘%} T
22 a-MnO,(Fig. 7(a) Fx)E BlESsl A8 255 M3k
AZgE LiMn,0= 48] 257 55575 348 Helwrt gt
7, S Rl o] Sk AdHlE Uehd, HEA 0w
900 °C HA 2§ 7A-F-olli= 79] vhegdzakzel 49 A S22 2H
A 10 pm Z5)0E e & AYE B8l w2 s
A7de] Aol o] Fox)= Aow et = glrk. 55 Mn0,°)
1of] e LiMn,0,8] A7/dS X (Fig. 8(a)

[S)

A% d dAe] &
iLZ) Ao BE ZAst Avd L2E 7]_11% o} 2= 9r}. ot B-
MnO,%} y-MnO,ZH-E] 750 °C A @]alo] A|Z3k 7-S-ofi= okzke]
LiMn,0;(26=3311) B8] Aol 2% H&%ﬂ 2R 13]
< HoJF 3 gtk & 0-MnO,Z lithiationd} 3L &3] 2](750 °C,

(c) LiMn:Os (850°C, 8 h) (d) LiMn,04 (900° C 8 h)

Fig. 7. SEM images of LiMn,0, prepared from (a) the hydrother-
mally synthesized MnO, through the lithiation and thermal
treatment at (b) 800 °C, (c) 850 °C, and (d) 900 °C.
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Fig. 8. XRD patterns of LiMn,O, powders prepared by the lithia-
tions of (a) nanorod-clustered MnO, with different phases and
heat treatment temperatures and of (b) nanorod-clustered

B-MnO, with different concentrations of lithiation agent
(LiC;H;0,2 -H,0).
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Fig. 9. Initial charge-discharge profiles of LiMn,O, prepared from
various MnO, phases. The temperatures and the moles in
the parentheses indicate the heat treatment temperature and
the concentration of lithiation agent (LiC;H;0,2-H,0), respec-
tively.
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