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£ 5ol A= LiMn,0, Aol Mn 9H 2 AME= CMDE seed H7PHS ARE3I0] AlZ28t4) 319191, Seed

9] dx]g] %7} CMD Aol nx)=

A} sl Axzd ARl EAE7Rs XA 3 BAH(XRD), FARIAREDE (SEM)S: 53]

TS nFsE, TRFE AEFE LiMn,0,2] 7188k 548 vtk

AreSiek. 1 A,

MnCO;E 300°C o]J2] &0l AA|215}0] seed? AHE-EE 9 1-MnO, 42| CMD7} o} 2, 71 CMDE LMO
Az AT A5 271818 S4o) vlwA $48 LMok PoiAit.

Abstract — A series of Mn compound were prepared by seed-assisted method. The seed used in this reaction was man-
ufactured by calcination of MnCOj; at various temperatures and effects of the calcination temperature on seed-assisted
reaction were investigated. With increase of the calcination temperature, CMD (y-MnO,) was recovered after seed-
assisted reactions LMO used as cathode active material in the Li-ion batteries were synthesized from Mn source
obtained in the seed-assisted reaction and the electrochemical properties (rate capability, cycle life performance and spe-
cific capacity) of the LMO were investigated. The LMO synthesized from the CMD which is obtained by the reaction
with seed prepared by calcination of MnCO; more than 350 °C shown good electrochemical properties.
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Chemical Manganese Dioxide (CMD) §deillx19] Seed®] BA2] &2 ¥ 1 CMDEHE] AZEE= LiMn,0,2] HA57d 461

CMD)E AFAIZ o]g-8faLat shz Al%rk 2lem[16,17], 44
o o]gfg CMDE o] &3lo] AlxE LMOZ YAl AHE5HY
= gEolxkdAg] Hx 5/ o] e} /idE= AEE Holal 9l
t}. CMDE] 542 EMD Xt} gxe] Z77] W Bk 783 Mnd]
23S 2AE] folsitl=d] QltH16]. ©183 cMD2] A% v
Holl= MnCO; 5 @A Zlsto] Alxshe 7 T8ja -4, A
3} o] thekst Mn $9) ARsh-EHNE-& o] &sh= AV Tl
itk SEAI T, I EMDolA ¢} o] A& dRte] 279k =
& :Lm Mné] AtelrE 24s8l7] ofele: Wilo] Qlom, oy
& 2 REEAIZE ulol] thke] YRl ol A EekA] o= DWOI
EARITY, 7]1&00| AREE O] Q&= 48 3L ollgh EAIE
2s7] 25te], CMD F4dRkS-oll MnCO, 5 GA 23t °*O1X1L
MnO,E SeedZ H715, seed AJollAe] MnO, 27934 =
o g CMDE BAEEE ol WS 283t SITH13.
MnO,2] seed 2-g-l €Jal], 44712] HEgolAE vl A whe AbFswe}
W25 ZELL_ ZHe RS AlRE =2 &R CMDE AT
Stk MnCO,2] dA el Slato] Aojxi= seedolli= Mn?* 315}
EE5o0] EA51H, o]gg Mn 0|52 kgl 28 MnSO,=
SEH 0]21& Al FEWdelA MR sflE]E o], H7lEE
HabAlel] olal] Mnt' & AbslE] ], o] A E Mn*= seed Al
A1 MnO,= A8k o] 31 59] CMD7F Aofx]A] k.

B A= seedS ©]8-3F CMD 3 ¥ llA, seed AZ
AollM 2] dxlg] 2571 CMD @Al 7]X= Gl tisto]
AT oW, 7F LM AZH seedE o] E31] TAIH Mn 3
FEES LMO 339 A7AZA A-8315s o A== LMOS]
A7 s AR B8, AlRE LMOE YAl AR
oM J_L/Helg = jr‘ %: tﬂ—;ﬂ tﬂ —rSL’“nﬂg %@o}‘ﬂ LMOQ]
A7)k 548 A=t

H

>

2 Al 3
M=
B AP M seed F7PHE o]g8lo] CMDE A%}

Seed Al Zoll AHEE MnCO = (F)3Hgoll A Alawke 08-S A
gatelon, 1 919 AR5 AloktS ARgato] FasIelt). WA
MnCOE 371%lM A 2|elo] seeds ANZ3IE 52412 5 °C/
min 2 ZFZ} 250, 300, 350, 400 °CollA 1713+ A=2l&k3iTt. 400 °C
oM 2] dxjg]eMi= 1A17E o]gel] 10413 BAE] A% S-8s}
At TR o % CMD 4= 913 &= T MnSO,
(8.93 g/ NaClO, (17 g) 1213l 23711 A7 seed (13.3 gy=
50 mL el Al Tl A dgt gfo] dojH wziA|
WRFEFS] solution 1 BT o|gh= MEZ, MnCO, (4.4 gy&
2 M2 H,80, 50 mL 8-l §3llA17A solution 25 AIZ3ISITE A
%1 Z¥7ke] §-¥ solution 17} solution 25 IHHS7 ol SAlol T
3 3 95°ColA 3087t S-S AAIEIE Bk T8 Foll= vt
719 2EF A7k W71 Whg7] 9] wiate] Az vk
SEw 3ste] daltEl]elA AdEele] pHrt 7o) E wizkA] 4
sloll AA A3t o]FA dofxl FHE 80 °C 2EolA &FF
B Azt =R ISt

A710lA Aol Mn 3EE-S LMO2| Mn A7 24 AFR-813

T} Li,CO58t $lolx] oixl Z2e] AAE-S Livt Mno & H]7}
1.07 : 27} B =3 482 acetone¥} S 412 & 3087t 261
th 22§, 2°C/min®E 523101 900 °CollA] 12713 3F &3t
o] LMOZ AlZ3ISith

E A= seedE H7Tste] Doixl 2] A5 MnCO, 9] 4
A2 E M Hell 71&ste] ZAIEISI dlE 59, MnCOZ
300 °ColA GalE]alo] BoIR seedS AFE-3l0] TAE S M-
30022 FAIBITE LMO2] 9% $18} v AR seed2] EA
2 255 LMO Hell 7|&sto] A

2-2. WME°| S43|
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slSATh AlEe] BARS AAAEAPA AR 7 (FE-SEM, S-800,
Hitachi, Japan)= ARE-&to] #2515t
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Fig. 1ol &2 A7l CMD /32 A3 2 AH-E MnCO;2t
250X 1 h &% F dolxl 52 XRD A&l
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Fig. 1. XRD patterns of the MnCO; (a) and the products obtained by
calcination of the MnCOj at: (b) 250 °C; (c) 300 °C; (d) 350 °C;
(e) 400 °C; each in air for 1 h and (f) 400 °C in air for 10 h.

Korean Chem. Eng. Res., Vol. 51, No. 4, August, 2013



462 s - =3l

4 0-MnO,

B Mn;0,

A MnOOH

¥ MnCO; o * *

X2 SO e Y vy
10 20 30 40 50 60 70 80
20 / degree (CuKo)

Fig. 2. XRD patterns of the CMD obtained by seed-assisted reac-
tion for 30 min: (a) CMD-raw; (b) CMD-250; (c) CMD-300;
(d) CMD-350; (e)CMD-400; and (f) CMD-400-10.

YRS A= A3 49 trigonal®] MnCO,2] AYT28 H
Atk 2507 300 °CollA 9] AP oM= the Ao r o] Adole
TR kgkont, 93 o] 7149t 917 edge -2 WojRo]
R e} oefgt Axtr e dAe] 2129] 7ol Wt MnCO,
Ao FP o= gk Z1E & = Stk MnCO; B! 240, 300 °C
oA dAelet Alme] 22 715 MnCO,2 5= F]3%1 104W
(&F 20=31.3%)= ©]8-5}07 scherrer 2] 0.2 AXIsE A3} 7}7} 86.7,
63.4, 58.9 nm= A} F7)7} A el 23l e ERls)
Atk 3, AP E 350 °C o] 2eolA T3 E 79, MnCO,
olgle] A7grde] =L 350 °ColM] EA2)gt %, MnCO,
o] F 9]=1R1 104 9] sldafdo] FAFHG O, y-Mn0,9] 34
SR ERIESITE 400 °ColA] DA 2|3 Al 5= MnCO,2] 31745
2 719] ERIER] ekom], i y-MnO,8} FHFO= o]Fo]
Z1 XRD #elo] 2| QIe. 53t 400 °Collk 2] AA2|AZHE 10 he
ST Aol A ES] A wishs BEEA okttt o]
g e Avps 7)Ee BaE AAeE el 8t 371 Tl
#1€] MnCO; “g310] Ao} YX§HH19-21]. MnCOs= 371 5, ©F
300~400 °C AtolellA] MnO,= o2l 2] REg-2]el] 2]3) Z=do] gt

MnCO; + (1/2)0, = MnO, + CO,

9eA dojx Z4zke] A 7= CMD 4 WSl Hrtetod, kg
%, CMD2] A7/l seed@A WX J &S AESIITE CMD
A HkS- 5 odolxl BAIES] XRD HES Fig. 200 TAISKITH
AAEE A %= MnCO5E seed= AR 7Z-5-, MnCO,;2] A%
2b A7) 248K3A419H25.8 nm) CMD (y-Mn0,)2] A4 gkl
=] 4] ekgket. 250 °CollA A 2let Alg.2] folli= MnCO,8} 720]
CMDe] QAo gR1E]A] ¢kgtot, MnCO; ©] 99 shiHas
(Mn;0,, MnOOH)2] 8/3o] ER1=| gt} REA, 300 °C ©]32] BA
2E & F HkSol 718t seed?] o= W29l CMD2] XRD
s)dado] gRlEglon, 20 7ol 2gk XRD 3 afel ol
Aol Wske gl Wkt o1y e Ay Ao o
MnCO; WellA 8] Mn Atsh4=2] ®istel] oJgh 210 =% Abg gt
MnCO;°1/E Mno] Mn*'Z EA15kaL, MnCO,2] 2]l 2J3|
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Fig. 1914 geld nie} o] W2 dAg] %A= MnCOy7t 5
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F2A 02 y-MnO,2 450 $o 2 QI5to] Mn*"e] Mn ©]&59]
B A ol A== 0 E AsEw, 71 A% CMD &/3vgol
A1 seed® 2HE-351o] CMD7F /3 = Qittar A7, 300 °CollA &
A3t Al E= y-MnO, 32 S1-sedo] =X = b9k vk A2
of| A Ajzlel vk AlEe} Blwsle] CMD Adelld SE3 ks
3 5 9 5] Mt AAE T AbsET o) o),
CMD &Joll seed® AFHE3E7] 3 MnCO,S] BAE] 25 FHa
3k 300 °CQl A o7 FetET),

Fig. 3] SEM #2-S E3lo] doj7l WA ES] 348 et
Stk vhs § dojR)= AFELS seed Aol 4 nm 719 2
Eo 2 AABIe-S & 4 It B8 912] XRD € Aitel
Gofxl Ao} o] seed®] VAT 2T7} TUFEGTE WHEE 2
T3] cMD7} 5718k g1 = Sl

o8, B REZoA doj BAE

Fig. 3. Scanning electron micrographs of : (a) CMD-raw; (b) CMD-250;
(c) CMD-300; (d) CMD-350; (¢)CMD-400; and (f) CMD-400-10.
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Fig. 4. XRD patterns of the LiMn,0, obtained from CMD synthesized
by seed-assisted reaction: (a) LMO-raw; (b) LMO-250; (c)
LMO-300; (d) LMO-350; (¢) LMO-400; and (f) LMO-400-10.
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Fig. 5. Scanning electron micrographs of : (a) LMO-raw; (b) LMO-250;
(¢) LMO-300; (d) LMO-350; (¢) LMO-400; and (f) LMO-
400-10.

LiMn,0, (LMO)Z Al%&}o] 1 Ax] EAL =35I}, Fig. 49}
50l Z47+e] A=l Li d5E H7tste] dojxl LMO2] XRD )
El3} SEM o]m| XS UehQt}. o atE= mkel ko], CMD o]
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8.2330% T AjolE Ho|A| ¢kGhrt. UNFA O R MnOy=, TRFsH
LMOS] Mn 95 2, LMO Alze] 71 Adsr daw deid 9l
TH18,22]. ¥ A7 Ao % MnO, 27943E 7= CMDE A
TAZ AR A9 222 LMO7F A EARS & 5= Qi A
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Fig. 7. Cycle life performance at 60 °C of Li-ion batteries assembled
with LMO obtained from the CMD of this experiments.

29 St BUA B QAEo] Fale A, s P
314 ghe ele] Qo] T EAlekaL e o 5 9k

7} LMO®] #7188t 5798 dofry] flsto] £54 4l 12
FHEE S8Rl 71 A9E Fig. 6 7 76 YERASITE LMO-
2503} LMO-3002> Z7]-870] 72} 95.7, 100.0 mAhg 10 2 ®]w
2 yke kS Holm 54 3 0.1C—10CM 22t 63, 72%=

2 FAEE B3t o]#fdt A¥= LMO-2502F LMO-300 ol
Mno] FL A5 7] o] wiitel|, £ LiMne] BI7} E4f
4 3k Aof 79l Aoz AR HECE 31260 °C) oA 50 cycle
Fo] AL LMO-raw’} 85% 71 S 125185 Kol
AUtk o= LMOS] A7=F A717F thE Alsel] vlal] 2] wiizel,
Mno] A3FE EET S5 wEA dojuy] Wil Zlow
At 2 A8 A7)38HE EA A3E Table 10 29k}

4.2 4.2

Voltage / V
©w
N
Voltage / V
w
N

a)

10/5/ 2/.1/ 0.5/ 0.1ICZ'“'/ 0.1C.'5'% )

3.0

10/5/ 2/ 1/ 0.5/ 0.1C*¢/ 0.1C¥*
N !

4.2

Voltage / V
w
N

¢)

10/5/ 2/ 1/0.5/ 0.1C*/ 0.1C's
L s s

0 20 40 60 80 100 120 0 20 40
specific capacity / mAhg

60
specific capacity / mAhg'1

L L 3.0 L
80 100 120 0 20 40 60 80 100 120

specific capacity / mAhg'1

4.2 4.2

Voltage / V
©w
N
Voltage / V
w
SN

d)

10/5/ 2/1/ 0.5/ 0.1C*/ 0.1C'st —>
3.0 L 1 1 1 3.0 n N

e)

10/5/ 2/1/0.5/ 0.1C*/ 0.1C't —>

Voltage / V
w
wn

10/5/2/1/0.5/ 0.1C*"/ 0.1C'st —>

0 20 40 60 80 }dd 120 0 20 40
specific capacity / mAhg

60

specific capacity / mAhg™

s 3.0 L L L L
100 120 0 20 40 60 80 100 120

specific capacity / mAhg™

80

Fig. 6. Rate capability of : (a) LMO-raw; (b) LMO-250; (c) LMO-300; (d) LMO-350; (¢) LMO-400; and (f) LMO-400-10.
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Table 1. Electrochemical properties of Li-ion batteries assembled with LMO obtained from the CMD of this experiments

LMO-raw LMO-250 LMO-300 LMO-350 LMO-400 LMO-400-10
Initial discharge capasity (mAhg™, (0.1C) 104.1 95.7 100.0 103.8 107.3 103.0
Rate capability (%) (0.1C—10C) 78 63 72 84 85 81
Cycle life performance (%) (60 °C) 85 89 88 92 89 91

.4 E

2 AFelM= LMO2] Azl A2 AME 4= 9= CMDE
seedE AHEslo] Alxakarat aFglom, ofuf seed® AREEOAE=
MnCO,E dAglslo], Axg]|z70] CMD W<l vlx= 3
e HESIIA SIS T3, Aozl 47 seedE ATANZE A
g3to] LMOE AZe § 1 7713184 5448 H71sisict.

MnCO5E 300 °C o)) 5elx dAjg]sto] CMD 4 Rkl
seed= 713181 W y-MnO, ‘3 7= CMD7} o5 e, 71
olate] Axe] Lol AojR seedS H7F3H H-9-oll= Mn?te}
Mn**9] Mn 3}gHEo] AT B3 LMO Al %ol y-MnO,
+E 7= CMDE ATAIR AR 39 1552 LMO7F 843
Hlon, [7)318t2 EAIM T the Algel vlsl] $5=3 5A4S
B}
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