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Preparation process and performance of
spinel LiMn,0,4 using Mn;0O, as precursor
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Abstract: LiMn,0, with high-performance for the application of lithium-ion batteries was successfully synthesized by a
modified solid phase reaction route. First, the precursor Mn;O4 was prepared by a hydrolyzation -oxidation method using
cheap MnSO,4 as Mn source. Then, the as-prepared precursor Mn;O, and Li,CO; were mixed homogeneously and
calcined at 750 C for 20 h to obtain spinel LiMn,O,. The properties of samples were characterized by XRD and SEM,
charge-discharge tests and cyclic voltammetry. The results show that the as-prepared LiMn,O4 has spine structure and
exhibits uniform particle size distribution. The initial discharge capacities of the as-prepared LiMn,0, are as high as
130.9 mA'h/g at 0.2C and 127.1 mA-h/g at 0.5C in the voltage range of 3.0—4.4 V at 25 “C, especially, the discharge
capacity at 30th cycle still keep to be 109.5 mA-h/g at 0.5C. Besides, the as-prepared LiMn,O4 presents good high
temperature performance.
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LA SR AVETIR i, A ki L
BTN Rt s TAEHR G A
KA, ethae sk H— RS EI R AR
PHAEBEIEN) ) TEAR A R i A 1 Pt 1 DGR e
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(I B 3l g it IE AR A REZ — B0, gkl
HLAR AR H AL 22 PR R S AR S5 G ) 8 2 1k o iR K
INFIVRLIE 53 A7 LA B FESR S Bk 24 PERE S DIAHOG, 1M
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FIRIZ T AR P25 A, DR 72 R P,

FEGE[E AL 2 K FH FL R MnOo(EMD) A 455 il #
LiMn,Oy4, {HJE EMD R4 p-MnO,, FURL 43 A
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oK LiMn,O, HIAE BT, H A 2Bk e fE
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oy BEVER BRI, B S SR, B, e
B T IE AR RL T R 52 B T ARG . PU
ST o P 4 A T MinsOy IR, LA
Mn; O, TSR A B 4% T 9541 4 LiMn, O #4 K},
R B A B R A PR RE, o PR A =k
128 mA-h/g, (HZJIiEM L ELKMEES 2], LA
Tl Er= . PARK Z5UTHI R 75 il v sl 46 7 gk 2
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1.1 FI3R{K Mn;0, #1LB9 6 &

T PR AR A NS K BRDTE . PRI 2 B (i
7 Ad T 100 mL 2808 /KH, 75 60 “C /Kt i+,
BIMANRZ K, AT pH=9.5 £4i, #3%] Mn(OH),

DUVE, WHUEHIE, REVES, HRIEHTRNAR]
SO,
Mn(OH), ALl % Mn;O, BIRAA: K5 iR g PHiK
NG, II 100 mL Z5187K, B+ 50 ‘CHRIKE#
o, BEEE, I 45 mL AR A EGR IR
H1 10%H,0, ¥, FHIRIIEE, AW S
H,0, M5k, WHEHUE, Bk, TH((E 120 C
T, WEECY 6 h), HI4S MnyO4 BTOK 4.

1.2 XRBEAE LiMn,O, By &

% n(Li):n(Mn)=1:2 FRH—E 5 Li,CO; A&
1) Mn; O, BSR4, & THHET, AN CRE, 5ok
BIRCARASH, DTSR SIA . 15O R)G,
KRB/, REE TSN, LS C/min
(R, THER S 750 'C, Kibe20h, AARR AR =,
BRIP4 2 LiMnyOy #8E, Frid ol S-1. AE XTI EE,
PL EMD M5, Li,COs AR, A& FFESRAT T RN
32N A 8 LiMn,Og #4EL, Frid ol S-2.

1.3 RIS SREBIFRENK

K H A 2 D/max—3C 4 X SR ATHH{U(XRD)
XIFE AT PR3 HT, A Cu K, 4, 4=0.154 056 nm,
FrERAE, I 100 mA, HUE 50 kV, F3A
&4 10°~80°(20) HI H A% JEOL & v JISM—5600LV 1Y
FAH L BB (SEM) ST it RRLAT R TE 30 o

1.4 #HRIEY B RENIK

L NMP WiEH], # LiMn,O4 LR, A7 5870
PVDF 4% 7 5 Lt 80:5:5:10 {5 AT E R, TR
ERRTA L, 120 ‘CEZS T 12 he Lh Celgard2400 2N
W2 ALIE BRI, 1 mol/L LiPF, IR L4 BE(EC) I
L LIEBIRER(DEC) IR A (V(EC): V(DEC)=1:1, [
RN, SRR R, R R
T BN . BRI R AT R
F] AR ) NEWARE  HUb I R G A T 7 e i 2 Re
R, HENRRTEEY 3.0~4.4 V; 78 BB/
A7) CHIG60 HIAL 2 ARl BEAT IR IR 2, 76
IR 2P R E Ll 3.0~4.4 V, 1384 0.05 mV/s.,

2 FHR51R

2.1 HUIR{K Mn;O, #1448 25 4
M RL K AL % MnsO, HITANAA, TSN
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MHSO4+2NH3 HQO:MII(OI'Dz l+(NH4)2 SO4
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Bl 1 s MO #F 5 1F) XRD . ME 1 ]
Bih, A MnsOg B 5l 1R & AT ST 5 AR 1] 1
(JCPDS#80—0382) " &- W {7 . HEA W) 5, 4 DU T
R, T 5 ANURIEIN S T THREORI -6 5 43
%Ik 26=18.014°, (101), d=0.486 nm; 26=29.072°,
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26=36.279°, (211), d=0.247 nm; 26=60.029°, (224),
d=0.154 nm. SHTHER d RV SRR 5 iR A
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E1 Mn,O,ff 41 XRD 1%
Fig. 1 XRD patterns of Mn;O,4 sample

T 1 Mn;O, b SRS

Table 1 Lattice parameters of Mn;O4 sample

Sample alA c/A N
JCPDS#80—0382 5.765 9.442 313.81
Mn;0y4 5.746 9.411 310.71

B . Bt o Rl
B2 Mn;O,f¥ 0 1 SEM 4
Fig. 2 SEM image of Mn;0, sample

2.2 LiMnO, GBI EEHMFNRZIR 5 47

Kl 3 Fizn ok LiMn,O, ) XRD 1. MK 3 Faf L
F i, LiMnyOy FF AT 5054 Y LiMn,O,
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A BT e e i, SRR EAT 45 il s B 2R
PSR, BT Fd3m 10T T SR . R EATES F I
LiMn, O, 52 DU 1 I 7 MER A B 48, b Li' v 4
VUTHIAAHY 8a A7 &, Mn*' by ¥ )\ AR 16d &, 7F
77 vt J0 TR ) 5% PR b T DY TR AR o 8 1R THEAR
16¢ PLJERCT 1 NMEAL = YE &b M3t )\ ikdr, By
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W) =g rimiE!™ . B 3 IR TTLLE L, RE
S-1 AT LLELASBE, TFES S-2 HIATI IR A 5
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Fig. 3 XRD patterns of LiMn,0, samples
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F 2 LiMnyO, B I Sl i 4k
Table 2 Lattice parameters of LiMn,0, samples obtained by

Rietveld refinement

Sample alA VIA®
JCPDS#88—-1749 8.245 560.59
S-1 8.245 560.50
S-2 8.240 559.43

1 LiMn,O, B S0 2. 3R 2 T4, H Mn;O, A5G
P LiMn, O, #E5 S-1 R EMD Ay AR5 il 4511
LiMn, O, £ it S-2 1A &5 48 S br e AR, H
FEdh S-1 A A LU S S-2 MR AR K. I
A LiMn, O, B = 4ERSE, & T8 & 75 78 o #2
LIRS R o BRI, = 4ERRTE ARG,
BT S, DITIRE & S-1 I Ak PERE ST &
LiMn,O, £ it 1) SEM AR W& 4 7 tHIE 4 AT LA
Eil, LiMn,O, FATIAI 7T 450y,  HAE S R
BN o B Mns O, A i) 25 1) LiMnyOy FF il S-1
RN AT 5] Ry —, HRLFIE SIS
W, SR, TSRS MLl EMD A&
%11 LiMn,O4 FE i S-2, BURLAIEA], A RIS
B, RIARATIEER) . X TR S-1 BRI
BE Mns Oy BT IR /N—30, B EES), 5T

ga Y T @
B4 LiMnO, FEih (1) SEM {5
Fig. 4 SEM images of LiMn,O,4 samples: (a) S-1; (b) S-2

AT TE P12 T RRIURE 73 A3 2] [ LiMin, O,
R DA, BURAE—IE SR 45 1) MinsO4 D iS4
il 4 LiMn, Oy AEAR KRR _ESGE T 0 i RTRL 70 A1
Btk

23 HRHBLFEMERES

1 5 s oA LiMnoOg K i 7E 0.2C 52 I B IR
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FHEAEH T, R0 55—y Lit AU AR N1 8a 4r
BN (), RN (BB DL K A2 2 AHAR 4
AN LA EAE e 2 8] A A R 3R s 1 4y
24, U NI S tH LA R E LR T 6 .
£ 0.2C f5 %N, LA Mny Oy A Sl il 2 IR FE il S-1 (1)
WG h 4.02V 415V, BOBFE R 397V
411V, HUORE A A 130.6 mA-h/g, 1L
EMD A 4505 64 1 FE L S-2 I IR FE T4 24 4.00 V
A4.17V, HHAEE A 3.93V F14.09V, EXRHE L
750 119.0 mA-h/g. MHIETTE, FE& S-1 MU
BmEtEBoa s, e R s, RS
LIy R E N
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Fig. 5 Initial charge-discharge curves of LiMn,0, samples at

0.2C
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Fig. 6 Cycle performance of samples at different discharge rates: (a) 0.5C, 25 C; (b) 1C, 25 C; (¢) 2C, 25 'C; (d) 1C, 55 C

(R OO LE A 54 0 O 127.10 124.0 AT 105.1
mA-h/g, 30 XA Z S5 4 109.5. 99.0 Fil 82.1 mA-h/g,
100 KAEIZ 5, LA AT 96.2.86.9 F175.5 mA-h/g;
FEab S-2 B OB EE 28543 008 119.3.105.3 195.9
mA-h/g, 30 IXTEA2Z )50 80.9. 71.7 1 65.9 mA-h/g.
K 6(d)FT 7~ A LiMn, Oy £ S 2E 1C £5 5 T (1 k(55 C)
EIAPEREINZE . HIE 6(d)nT %, £E 55 CHf, 1C 5%
T, FEan S-1 U RS 120.7 mAh/g, 100
VAR Z J5, BEANAT 747 mAh/g; TR S-2 (8
YORHL 2 102.3 mA-h/g, 100 RAEHZ G, 24 H
£ 39.6 mA'h/go HHILAT UL, #Eah S-1 /2 iR N AR
e PR O O B R A R P RE AR A AR E T
fEmi &, FAERA RAFIIEH A ENE . X2t T
i S-1 25 i BE iy, BORL AT S) o iR IE R REA
IRIIRLEE S ATANIES), AEREAT RIS AR IR I, 25 S it
/NI TEC, DA R RSO oy 348 s 73 AN 34050 3 oK
PR F7, NSO HR it (¥ 75 e 2P TR, A Mins O,
M ERYE A ) LiMn,Og £ S-1 EAR KRR Bdem 1
B R D P AR E

Kl 7 B A LiMnyOg #F S fEHL R 3.0~4.4 V,
AN 0.05 mV/s BFR g, MWE 7 LG
B, FEFHFEETEEN, LiMn,O, £GP B 5
P AEALIR 0 . FE i S-1 PSR HIAL 43 7 4.18 Al
4.05V, &JFIERAI 5510 4.07 F13.94 V, PR
Vg 530 Ve R) (R LA, 25850 0 011 Vs AR S-2 AL
W BT 3 ) 4.19 FI14.07 V, 38 JEIE AT 4351 K 4.05
H13.92 Vv, PXT AR AN I B D U R PR A, 2 DA ) ok
0.14 F10.15 Vo il S-1 BP0 A ks JRIGERIFE i S-2
(1) P S0 AR P s D 0 2 T ) RS, 22 AH ZEAN K, e e 4
FI Mn; O, W 5G4 1) LiMn, O, #£ 5y S-1 A1 EMD
R IR ) LiMngO, B i S-2 B A AH A 1) e R4 AL
H, BT B RIS P T, BIE

LiMn,04<—>Li; Mn,04+xLi"+xe (x<<0.5)
Li;-,Mn,O4<—>LiMn,0,+(1—x)Li +(1—x)e (x>>0.5)

M7 HIETTLAE H, FESD S-1 B ALIE SR g4
FEah S-2 AR Bi. WIEXFE A S-1 A1 S-2 2kt [l
FITHAE TR, T RURIIFE N S-1 FI5A AL I THI AR RN
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Fig. 7 Cyclic voltammograms of samples at scan rate of 0.05
mV/s

i SRV TR SEAAT 25 T RE i S-2 S ALV I IRIBUK T
I JRUEE PR THIAR , R WIATE il S-1 BATRL R A Fe IO A%,
XL EGEA TR S-1 AR A2, RARER
N BB TEER AR, FTRIE TN

3 Zig

b=}

1) LG A4 1 LiMn, O, #HEHI L, SR
SO [ A B ) LiMn, O HATEG S 45 0, B
IRRRL AT ) RiARE — .

2) FEEIRIN, SO FAHYE 1% ) LiMn,O, A1k R
U BB I B0 AE BAF R R R
IFRI R ERE, 76 0.5C 5% P BB A =N
127.1 mA-h/g, 100 KGN 2 J5, R EATH 96.2 mA-h/g;
E1C R N U B 124.0 mA-h/g, 100 XA
WG 7550 86.9 mA-h/g. =ilk(55 C) N, MEMIER
HATRAr I A2 EEBE, 76 1C B3R T OB L2
o4 120.7 mA-h/g.

3) SALGE A 45 1) LiMn, O, #RHH EE, SR
SSCRE [ AHYE B % 16 LiMnaOy A RIS AT 84T (1 T
i, B R S, ORI, Hi ks

BEW R o
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