%521 % 440
2015 4E 8 A

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol.21 No. 4
Aug. 2015

DOI: 10.13208/j.electrochem.150113
Cite this: J. Electrochem. 2015, 21(4): 382-386

Artical ID:1006-3471(2015)04-0382-05

Http://electrochem.xmu.edu.cn

XA s LiMn;Aly10;95F .05 MR &
K ELIE5E py 5 R M Re

PRI, TR 5, X ET
(Hrg Kb T2 b, 1 K 7P 410083)

8 T+ 3 o 9 - I R L I M B 4 BT T 4 B T S 5) 4 P B9 22 8 LM, gAly, O 05F s 1F 4% 44
BEREITT AL BUC Mn F 3858 BUC O Ji Xt 45 44 152 R 03 51 A T R B B Rk 9 35 S5 4 i 040G 20 7 J vl 1
fig. 45 AR W] 2 A1 B LiMn, 6Aly 1O595F 05 Al LiMn,O, A [F)AF 19 ity B, (H Hi AR 4% 58 19 LiMn,O, ML AR A% 50 8 1A
R FEIELEIRA (W 0.1C,0.5C A1 1C) FEHLH 150 KU, LiMn,gAly,0505F s HL A 9 25 AT BE MR HE 90%L 1.

KRBT : RA AR RRAT ; LB T B s AR LR AR IR

FESES: 0646

TEAR AL B B i BRI 0GR, 1R R
B 1 T E AR R R 1 Ao U 4 R AR AR A R TR
PRARR AR PURREE R IR A, Horh 2o A A0 Y LiMn,O,
BA MR . X IREE A DL S IR i PR 4 S5
SR B AT R R W IE A R 2 — {H T
Mn A il S H 3 B A R 45 A8 25 Ak Bl AR IR Y B
T B H AR B Ak 3 K Jahn-Teller™# it 250 1 i
JSCF A AL B AR R S VR e 1 s ) IR G AR 1 1 R
TR R T 200 A A LiMn,O, A7 78 7™ 5 1Y 25 i 5
U [ A2, 428 2 P R 4 e 2R i A A LiMin,O, 1E )
A} 30T H, 25 1 RV B4 5 A ) — PR 30T 59
2%, 5l A Co,Al.Li,Cu F1 Ni {4 42 J& oo
£, W EAC Mn, Bl Mot B E R, T D>
LiMn,O, %5 #4 1 Jahn-Teller B 2% & i 4. Horr | Al
D I S A e E DO (A PN N AN 5L e A
Mn ) i A1 BLUEA AT BB A LR & . AR
JCHE SRR PR PSR | 5 Mn 46 F1E 5% (A
BRSNS %, H FB 2R R T Mn B9-F- 35 4t
A, DT A R i bR Y L 2 L

AT, Kang 6% LiOH . Mn;0,.Al(OH); fil LiF
1RG5 o3 S A RS S Rk B 45 31 ALLF
BT A B R AR, I 3% W L AR A% 25 4 1L

O

W AR H 1. 2015-01-13, &7 H Y. 2015-03-23

iﬁk#ﬁiﬂﬁg A

KB AT RE. Yi S -BE R 64 T AL
F 3B 24 (4 A0 i R B, & 90 e fb 2 P e
P R LR T AR T BR AR A A AH A 3 2
AHA R, PRI e SEFp R B XM R e S —
FE SR A S AR AR d A MR A T TR R
FH s I -5 e 5 T A e i 45 2 0 5 X T il 2% 17
TG I S 2% S5 B AR A R LiMing Ay, O5.05F 005, I 3t
TZM R A 2R, X L 5 Y T R AT R
PEREHEAT T i T
1 £ ¥
1.1 HFRH&E

REEIR e 1:2:3 235 FRECE 2 (1) Mn(CH;COO),
4H,0 ,CH,COOLi - 2H,0 Fl#7 & 2 . # CH,COOLIi
R WA B FE A5 T 2212 A ] Mn(CH,COO0),
W, PR R R BOE T A B LR R AT
Wb, B RETEFE 30 min. FH &K E Y pH M 6, 7E 80
°C MHLHETEFE 4 h BR Lok s & MK, B4
JBATEERRERVIIEMIAE 100 °C F T4 10 h, Rk
A 300 °C F4rfift 6 h, BREAVYE. 515200
W AR S J5 7E 800 °C T 28 AU H S 10 h, 155
LiMn,O, #3 K, #5ic A AF-0.

#1521 LiMn,O, #5 K 5 ALO; LiF ##% & /R

* {WiRfE# , Tel: (86-731)88830886, E-mail ; liuht@csu.edu.cn

1 RE 28 B R S 00 H (No. 2014FJ2007) i /48 F AR L2438 4 8 5 00 H (No. 10JJ2004) K [# %8 S8 Bl 24 58 4 i b3 H

(No. 20976198) %t 1)



554

R #0545 L 22 i A0 T LiMing oAy, O505Fo0s A48} 14 1l 5 S I 34 56 1) £ R 1 g +383-

It 0.95:0.05:0.05 54 & J5 7E 45 4T 800 °C fit
i 8 h, il ALF 43 5 ¥ 43 LA Mn O 1)
LiMn, oAl 0505F 05 4B, #5ic A AF-1.
1.2 HmRIiE
ffi FH H A Rigaku-D-Max Ra %1 %% §8 X 5 28 i &t

G A A B S AR S5 # |, Cu-K, W 5T, 3
Ul 20 = 10° ~ 80° , & 0.15406 nm, 45 H1 & 20
kV, B HL i 20 mA ; f#i F§ Nova Nano SEM 230 14
FL - S R B0 UL S A it P 2R 1T TR 0.
1.3 B EF5BLFEERER

W B URE i R R E5 7] (10%1% PTFE ) %
JT L 80:10:10 1R & ¥ 5 Ja H 5 N BE A 5. 5%
REAIRERE L, B TR R A HLE RS,
R ELAR N 14 mm B HLAR . RLBT & 0 AR
R IE M, B LR Celgard2300 4 b i, 4 )@
B G, LA M 1.0 mol - L' i LiPF/EC+
DMC+HEMC ¥ W (¥ AR R 1:1:1,EC R ik iR
Z s , DMC M Bk iR — H fiE ,EMC N B R I 2
fig), 7EF0H Ar K0y =C B 04 (FEE
Mbraun ) £H 2% i, CR2016 %1 311 2 A vl

fifi | CHI660D 7Y i Ak 2 TAE R (1 JRARAY
A BRA D) W0 = A A PR A, AR
0.1 mV-s™. ffi i LANDCT2001A %Y i e, # s 0 3
F 40 (RDL 4 AT BRA B I b 1E A IR
JCH 2, HE R YE ] 3.00 ~4.35 V.
2 HR5iR
2.1 IS

B 1 J2 FE & AF-0 AF-1 43 %I i K 20000,
50000 fi5 () SEM JE S E . B R A Al A' AT LR
il A LiMn,O, M0RE 528 58 4 RLAE (14 7 Hutk
e e BHURE. thE R B R B Al LA, &gk
PEJG (BB /N LI ) RO H BEA R 100
~200 nm 4577 Bk
2.2 EBRIKEHRAE

& 2 J& AF-0 AF-1 ¥ fh 19 XRD 3% &l . AF-0
() FE B AT T 0 55 2 A S5 R 9 LiMn,O, bk EAT 55T
I (JCPDS card No.35-0782) A4S , by 45 4 B — i 57
Ji MR A LiMnyO,. BCPE AR AF-1 A X T4
A1 LiMn,O,, T AT = FH 05 10 30 A4S S 45 W 17 i 3
WA HE 0. 33X 2 W UT ) 45 119 LiMing 9AlyO505F 05 14 1
PRFF T2 S A BT AR RS54, AL AL F 248 Mn
FLO 5 40 A0 R Y S 7 B, VA BTA B 4t
B, AF-0 FIAF-1 B 5 1 5 M 2 80 o 53 50 R

B 1 BEdh AF-0(A A" AF-1(B B H 14 B 45 1]
Fig. 1 SEM images of AF-0 (A, A") and AF-1 (B, B")

0.82476 nm.0.8221 nm, 5 45 #E 22 & A M
LiMn,O, fJ a {8 (0.8239 nm) B A 53T, Al fIl F 1
FIASBUBE TR LR B2 R A LiMn,O,
K HBUN, ATRE R T AP #92E 4% (0.0535 nm) L
Mn* BB BN 51 SIS A S5 o5 4 0 T
AL s R AR S FRRES o
W B 1 184 o i A /N o100,
23 Bi=iERE

& 3 i AF-0 F1 AF-1 I EH S 0.1 mV s
(A6 IR 22 i 2. o] LA 31, ¥ B0 6 B 8 1 41
b3 B (R AL T 4.1 V AN 3R JEEA T 3.9
V), 2 B A A S5 R 1 B E E AR A A
A Wt R R, X R T LA AR T 41V 2

(111

(311) (400)
|(222)) 331) (51154‘;?5131)Au

Intensity/(a.u.)

J\ M A A o AF-0
10 20 30 40 50 60 70 80
20(%)

P2 AF-0 Fl AF-1 K i) XRD 5 [4]
Fig. 2 XRD patterns of samples AF-0 and AF-1
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Preparation and Enhanced Rate Capability of
Spinel LiMn,;4Aly10;5F 0

HU Jun-yan, WANG Meng-meng, LIU Hong-tao"
(College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: Spinel LiMn, Aly;0595Fo0s cathode materials with good crystallinity were synthesized by a sol-gel process followed

with a high-temperature solid reaction. The effects of partial substitution of Al for Mn, and F for O on the structure and the electro-

chemical performance were investigated. The results showed that LiMn,4Al,,O0;05F0es exhibited the same crystalline state as

LiMn,O,, but much better electrochemical stability at higher rate cycling. As a result, LiMn, yAly;0;0sF,0s could maintain stable elec-

trochemical lithium storage even suffering from different rate currents that retains over 90% of the initial capacity after 150 cycles at

continuously varying currents (i.e. 0.1C, 0.5C, and 1C).

Key words: spinel lithium manganese oxide; lithium-ion battery; sol-gel method; rate capability; capacity retention



