a4 % B #® 2013F £58% %328 3350 ~ 3356
EEEETEET RN BIEET

N4

www.scichina.com c¢sb.scichina.com

(rPIEREE ) Al
SCIENCE CHINA PRESS

i R R P EARAL R SVATE SR RN LA RE

REMHA, AL, i, H4&, xkP
of Rl A B T AR R S TREFIE T, T 315201

* It 2 N, E-mail: xiayg @nimte.ac.cn; liuzp@nimte.ac.cn

2013-07-05 Yicfi, 2013-10-11 %52
TUTRHE AT A BATI H (2012B8200 1) #1148 A S8R %3 4: (LY 13B030007) %% )

T RRFERENNEREXRFaR AR ZN T ERIZ - REGRENE 5%
TR, FAERRTO0 YEWAEMRALATE. B, SRENEGEEERHIE R
ERE;ZHHR, EXEEFAERKEIRTNENRUEAEZ RN XA L. FL L,
R RE M (R X R RS ARAELE L # v Mn 75 . AR SUE 42 H 45 B 42 A 5k A 1
A b, BRI ARV ERELRHN, TUHAELAID&E N ER, AR E SN
B, ATMRGERENNREENREEMTRENER. EREY, AXHERTE
B 42 IE AR AR A B 18650 AL W B (R R NI ER MR A, AW IR T 1 C R AK BT
2500 K JE, WA ERFERERA 0%EL; WA 60 BHIET, 400 KEF)E, BERFE

Keikin)
RETERE
EARA R
ik

A

173k 80%.

H 1A A B0 FH T F 3l 1R 42 R e 4003k 55 Al
S O W A RE AT T Y R R R A R 4
(LiMn,O,) . T 2 4k #1 (LiFePO,) FI 45 4 %% 2 2 (Li-
(Ni,Co,Mn,)0,) = kRt Hih, =0kl T4
R Z | A A AN A B sh R A U, 33 A
SR ARME A A A S Y . BEER AR T
TRIEPERE 2 | S A5 R B AN A — B0 22 45 1) i 15
HACHUBE I 27 B BRI 2 A 75 R e LA DR}
AR . AR T2 R E TR AR RE AR
T AR R A A A, — BRI S R B S - fL
)1 1EAL R

R AR BR B LiMn,Oy4 BERS 72 4E 4.1 V 1 L RS
5, HIEZA R 148 mAh/g, TLPRAR 120 mAh/g.
1E 20 42 80 4E1C, Thackeray %5 A& B T4 A 45 44
F14) e T B v 1 A B T BB RS IR AT LAk A T iR A S
e, ISR T RS A W) ZXkE. PREC
Zia X BHEATS . PP ATE . ARE LR U
$7 2 6 A5 F B H SRR SE A AT T RGN A 5T

LiMn,O, J& T Fd3m Z5[EFE, A0 Tt 32e
AL, S BHEREES . 4 5 — 2k N ik A
16d &, AR A 1/8 PUTHIA 8afvi B . 25 Y Y i {1
J\ T A o I AN A R, TR = SRR T
PrEGEIERY. BRI B M AR . BB A PR
R FE R AN S K R R Sl 2 A, (H R R
L e I T B LA B 2 R R R A ) — L
2 BELAS LA RS 157 P A = 2 B A0,

2N HAT M 1, V25T F EE XA A A R R
Jo - B A AR B A AR Ak, BT P RR R R AE A
JHLEL: Jahn-Teller RN AR BIEG. MOk Z A AN
hy HLAE BT U9 B 2 6 A 7S A /N TR i, X A AR R
B 5 DR R T AR BB S R Y. e EL AR ) S
3 fb A7 B U TS R R i R R O — gl 4 B — A
32 VA, [FNIEME 4.5 VEER7 4, 0 g
A B4, Gao Fl Dahn' B 243X 4 3.2 VB &E1E
SR 2 A SR B T R b R FRATT R Y T
PEH I B4 5E T R (0) A28 B AR R (Cso/Cy)

SIRRER: SRR, IRk, EUKE, S5 IR SRR R R IEAR AR S A A 1 AN e A 24 PR R . B2 R, 2013, 58: 3350-3356
Lee SX LT, Hu HS, Xia Y G, et al. Morphology-control preparation and electrochemical performance of Mn-spinel cathode materials (in Chi-
nese). Chin Sci Bull (Chin Ver), 2013, 58: 3350-3356, doi: 10.1360/972013-805




MIRR. LIEIERM, ARAEFPRAME HE LR,
FARAT AR Cso/C1=(100-2.17x1036)/100. 4 H
LA E] 5=0 If, HEAFPRIZLT 100%. k]
UL, ARG B R AR PR A R rp R e g Y R R 2 —

TEME A A, fb2Ait i RO i A AR R A, 7
4.1 'V DB R B A S B s>, ZIRIEH
Ji 70 HEL R 2R B T TR R & R4S B A B T H R R AR AL,
A L R BE A 25 B i IR i B 4. SRR 2R
v A1 i R B P A0 B R DA AN R A TE R e B, Bk
ARG R B, SRR BG4S b A A2 i Fe AR A A
Fo L A AR T R AR A AR R R —RERY, X T B
Fae fb A, AR BORN & R B, #0437 7 dH LA
DI, WA 2 EE A2 A SR A v B B
ANSE AR DX, AR AR A B U2 A B . st
JEUL, 7 A L DX 38 N B R A R R
P PO A R A e T D A AR A LA

T BRSO R B PG IR, V2 R
ZH R FHAS R 8942 8 B 7 (0 Lit, Mg, AIPY, Co’, Ni*¥,
Cr**, Tit45) R RS A7 1 16d 37 8 1) M1, 5256
SR RW, XL R BT B A T UCE R A e 2
AR, Xia SN, &EETFrBL b
RIS A R TE S A R e AR B 1 7 A
i A5 B4 RE7E 0 H A AR v, A IR R X3 P A
ARSI, TG A 2485 A0 AN R A A R AR X3, AT o vl L e
W Fp A LA R R E T, eah, — i
HNER /DR Pl ST E# O (A ik, SLIRsh
I S R 9 o el 3 A PR R A AL, X ]
fES 32e B AABLGERIMEA X BRSE
J& BB 5 T B s 2l DA — e R B R
AR ) v TG AR M, (H TGk ke e HL S
WS HE SOV, SRR V. (1Rl 5 A T i,
W 2 AL A AR Ak, It B . i LA 4
hrb R R A ) 2 R BB T SET IR R
A, TSR S04 B A BRI RE il R 1S90 ]
UL, 5 P A 2 2 T e T L L S v LR BB Y D5 — ¢
BN R, RiT, 2 REHE 2R AR Y
P ARTEST . Mn O A & M. X TRMA
FRERARIT T, ATIRRFRE NG RS AN T LA 3 £
Fh 2 ST AR R AR, — B R UL B SR AR 25\ fT
A 1(a))FIZ A (E 1(b)). Thackeray B 57 2012 i@
o A — P A A5t Min-5% 3% Mn-O AH3%E &N Y
FHETBER/NHES A (111)>(110)>(001) (2 I 4 1) 4 iR

B 1 \E RS b)) R R R 451

PR, Kaga % ANPHRGE T 7 R IR AESL R, B
B LR G TE B9 i A A R AT v AR T P R 1) T i
1 N R B AR R BRI 40% 454, TRIIHAlLATTIA
KR EERAEEQIDE F, 2HAZ SR
BRA (L) T B /TR AR FR AR (LU D) T B/, X A4
HHI Thackeray ZH A9 T3-45 A LW A, X SEHRIE S5
B, TR & R S A AR R B Y Al 1,
o] 2280 /N UL TRE, DT 9 /0 o T i i R o A 14 75
i, Je i e YA PR 1 O A

MH AT E R AMIF ST R A, A R IR
706 B4 R A 7 1 B 1) O B AR 4 o) 4 e o Ak 2
(VLT . 745 ) S B b JE Al b, 3R AT 28 a4 o) o
o T R AOUL T S5 (R BROE Ak, 80/ INEE R AR 1) (11 1) it 1T
BT AR, NI/ D76 A Min (R i, 1T 42
i FRAT AL ) A PR 5 A R M L S R A A R 1Y)
LAk BE.

1 SE

(1) MG SRAEAARFRF DA FIE 5
HEL ALY EMD. Mn;O4. FilAbFE Mn;0,, LiOH-
H,O(E 2535, /- 4l) Al ALOs(E 25385, VK-L30)
i 1.05:1.80:0.1 BE/RICEC LG, #HAT R BRI IR &
¥15), SRIGTE 900 FREFE20h 5, ARRHEER,
FE R =4, SR R P R P A T B AL 0, 7E
650°C NIk 4h )5, HAKRHEZER, RAHE3
T HAG AN TR 55 0 v TR L 45 PR AR i, 40 AU A
RRHFESD a, FEED b FIAES c.

(i) BEMFERAE. EidfEE DS Advance X Hi4k
FFSHMY(Cu Koo &5, 40 kV, 40 mA)XFE 5 AR 24T
FAE; FIH S-4800 37 % S % H T B f%% (FESEM)
MR URL %) e T T A0, o8 P Pl B B 4 TR ke
Y% {Y (ICP, Perkin-Elmer, 2100 DV)X} F= ¥t f 10 %

3351



44 % B & 2013FE1 P #58% FE32H

5305 SR BET 1 UM B L 2% 1 I 2 43 (F-Sorb
2400) I 5 B fi 1 H 2 T AL

(i) Feshr b aemat. e o vt it
PR A5 F B DU 245 (PVDF) . S5 2 b BB 55 12
BEHOIE YY) 4% 80:10: 10(wt%) Y b B4 v A
N-HIFE ML BE B (NMPYE R IR G 3450, SRR A e
Wi KR AR A AR b, FELL AT R T
JEAS BN R E 25 30~50 pm B IER A, TEAR A0 T
JEZh 5 mg/em®. SR FH b R HLEE IEAR R of s B AR A
1.3 em WE R, /NERFRESFE 120 il E2 T
24 h JE A SR T TR0 N 41256 i 2032 H112 i .
MR AR B 22 B 5R - Celgard2502 Rl 4T, R
T s E RSB BRZA F] 1 mol/L LiPFe/fiik iR
IR (EC)+ — W Lk 2 is (DMC) (AR L =1: DIER
HUREVR. SRR /A 7] Land HL b AR 45300 3
SO 2H 2 1% P b 1A 7 T i b S T L S

18650 A Hi bt K R ERE AR AR . ST
SP(Hi 177, Tolkgh) . LI V7 ()i =,
Tl GO FnZh4E 7 B w98 £ 4 PVDFRCGERE =, Tolkg%)
FEJRE L 90:5:3:2 (Wt%) 11 FL B A N-FF 2L,
WSt B (P [ e, Tk gOE R IR A5 R, IR
BETRE 16 pm pBFHEEPERL™, 99.7%) |, W%
JELN 24.95 mg/em®, 1E 80 T LS (HASJE K T-0.08
MPa) T4, LA 20 MPa (R SR R, 43 U045 3] )2
FE 125 um, RF2N 540 mmx56 mm (9 IEM A B
W AR Ok (P RIS, Tk, SR B SP3H
77, Tk, SR B SFGoGR 177, Tolkgh)., &
LR 4 AN (P ETE S5, Tk g0 MR T R
(P ERNT R ™, TokZO)fE iRt L 90:2:3.5:2:2.5 (wt%)
B e BRI A B FRPIRAH S G, ETRE
FE9 um BYHITE ECRETTAR™, 99.9%), TH % B2
24.35 mg/em’, 7E60  FNEZ T, P10 MPa HJE
TR R, VIS RN EREE 183 um A . K

Hil M R fE 80  FELZS T 24 h, RA H AR
F20BHE, 5K E & 23R F M EA R A 1 mol/L
LiPF¢/fi 2 £, 0 g (EC)+ — H SL ik FR iR (DMC) (R FH L=
3ITIE R HRR, FERWE I TFERNARE 18650
AU Y. SR AR L H U R 48 LAND-CT2001B
XoF 2L 25 1) R Sl PR A T L b P B

2 #ER51Phe

2.1 REOERRR P SR IE SR

P2 7R T S5 3 FhAS [ JFURHA B A 1R R R
i Y X SR AT AR NE AT LA H, X 3 FAE AR
BA ST AR FRYER) Fd-3m 4554, fiT8H8E S LiMn,O,-
(PDF | 35-0782)MIXt 1, NAFFEARE, MUttt ira
B RS Ry e — A B AR B A S5 . TR, FRATT e
REFEES a, b A ¢ BY(LL) AT (311) 5 1 % 7 B AH
XU B L R 3.78, 3.56, 3.21. X —45 R HITE
X3 MEESL R, RES a WAL E R AR K oA,
TFE A ¢ FIXT 5255,

M 3(a)~(c) A i T BB AT LG 1, B

- = s =
g &< = S<
N ~ ™ o Nse)
- 1818 S )
3 A A A | -
S
‘2‘
‘@
3 (b)
= | I - A
(c)
L 1. JL N A A
1 1 I 1 1 1 1
10 20 30 40 50 60 70 80
20 (°)

B2 FREERERERN XRD

B3 &R HRERER SEM
(@) J\IHIFE; (b) ZTHI; () KL

3352



aha R /NTEATESL, FEh b N ZHRIESL, FEdh ¢ N
KEREIEA. ditbn] W, L MR E R AR E 22
PR HeA R, T ELREE SRR B R AR S B ARk, X
S6 (111t B TR FR AL Bl 2 AR R, HErh R BRIE R
SR R PR BB (01 T AR Bl XA EER S
XRD MRS RAY &, 756 BATHC B S A IE
S AR ST A SCRRAGE, FRATT U X A AR AR AR Y
i TR P ELAT SRS E A SR TR S, AT LI A H A
H Min (R, TR S T4 1) e i AR A RE.

2.2 LRI A ™ I Tl TE SR S A g5 4 1

AL

H HTAR B F b e N R T Y L R
J& LiPFe, B HA 5 M E T H G R AR E 1 L b
PERE. SR, —MCHL MR RTE R I (B ACE J5, B H
Wil VES AR, SZARAEIRERASE R, K B AR A R
B, i 5, LiPFe X /K ARBBURR 5 K it 77 A5 HF R, 4%
TTE T IR T 2 S K . DR M S [ K A e A R A
T, B RRAR Y S R AG R R B AU . K1
S 3 FPAS ] S AT S0 R A A5 1)t R T AR & 60°C
AN [) o 7K R SRS b S 6 v B RN AR A Mn
Brrima. BRIk ERBmEFER T,
R HO0 S HBI M BTE LA 0wt%, 0.05wt%,
0.1wt%, 0.2wt%, 0.3wt%ill i & A A A LAl 7K 43 0
ff R, 0.2 g AR A AN TR] AT S5 04 A R 43 Sk
AZEA 10 mL A5 AN [A] LA 7K 3 fRL A A 3R DU 3L 2
WA iR, B AL AR T, FE 60 SR
THCE 7 dJEBUE, R ICP XHR R T WP B4
JCER AT, AR A 1 mol/L Y LiPFs
(BB R £, 045 T (BC) A% B2 — TR (DMC) TR & Vs T (14
UL 1:1). SR 1 AT LUE B REOB SRR A Y L
FHE /DN, B2 0.3 m¥g, Ui B8 i & 4 4 R
BRI IS, FT LA AT B R R AR Y L 2 T AR/
AR & KA RS LR, Mn B VA AR S BN

£1 AEREHRHERERE 60

NI RS Z HRSZRERIE, X — 45 F R WA R Ha fig
T ik %) TR LR /N Min PO i i DN X TR — AR
i, BEAE FLFECP R SR BN, Mn OV R BB R
PR B R R B E 0 R Y K s E
0.3Wt% YA, B4 RIS XT Mn B 74 i o B AR A 5%
M, #0 BT R 4 A T

R T ik — 25 B 5 R AR P K B A R A R
TSR, G T F i, ARSCEZXS 60
T, FKEEZMH0 T8N 0.2wt%)IR 7 d WAL R
G o S AR A S5 A AR S AT T A AT, 4
SR T H ARG SR T 3 AR SR X SR AT S IR
BT DLUE N T AR PR R R A YRR ol S 5
FIARE TR AE 25°BRE H B T K MO IO AT 5 0, 1
G R AT SIS AR ES, FRUb T L, AR AR Y
VS S B R R AR I T 22 TR TR B R 2R R OB
o PR PR e R T o S 8 T PR — P AR A A S5 4,
A H B A% 0 X b S 0 2 SRk — A UE IR A Y A R
FRAAEQD)IA, 22 K 2 BRIE 4 92 28 1Y S AR 4
FITEIX 3 Flbh R RIS

B 5 JEAS[R) S AT S0 T 0 7 5 /K b fige TR I 91
Ja AR B T BB R NE S FTLLE W, 1R
Je B9/ THT AR TR B A (110 & T % T S8 4 U o, SR T
FEA R A, MR R 2 AR AR R AR A (111)
i T % TR0 -3 40 ot T 3R AR R 9%, o mT BB 2 0% A TfT
FZBARNNIE; 172 )5 SE BRI 4 R 4 2 1 B 4 %
B /N (LD /0 b Ak, A ERTE Ab A S B
JE P IRGEE . FRATTAR AR R 1 A VRS T 3 i AR 4k =
B PR Ry ) i 1

2.3 ABOTPIRRALEERE

N T BAEX 3 Al BA A FRIE S RS BA
SR, FRATHEATT 0.2 C 53T Ay H IR L it 5250,
HEUGTHR -hZAE R 6 iz, MBIl LI 31X
3FARHARTE 3.2 VRIS, H b A LUK X 3

AR B LI S Mn TRIFHE

Mn JC & #f# f (mg/L)

5 H‘/‘%ﬁiﬂ =X =) =) =X A EL
i (m¥/g) H,0 & 1 H,O &2 H,0 &3 H,0 & 4 H,0 &85
(0 wt%) (0.05wt%) (0.1wt%) (0.2wt%) (0.3wt%)
J\ T A 0.9 247 544 1656 1664 1649
EATILN 0.5 185 302 664 996 1686
HKERIE 0.3 113 253 344 807 1624

3353



M % & B 2013F11B %58% F328

Intensity (a.u.)

20 40 60 80
26 (°)

Bl 4 SRR EMAREHER XRD B SEM &

s R B AR E ST, (H R RIS B A7
e M H, X3 AR BOR TR A i, FEARYE
FF7E 100 mAh/g BT

K 7 BAFIESER RIS e 55 &M T
FIPESRPERERE. FRIE 7 ATAL, N AR R R 1Y) 1 YR L
L 25 99.6 mAh/g, #5100 KA HE 25 &
i 82.8 mAh/g, A {ARFR(GAT] 83%; £ AR
B YOI LA B 100.8 mAh/g, £ 100 YRAE R
FL#5 i A 87.6 mAh/g, {HARARFERILE] 87%; 2K

BRI S B2 PR 1) IR PR R R UL, 1 RO L L A
99.7 mAh/g, % 100 WG LA RARA 91.7
mAh/g, FEARFGFREILT] 92%. 4565 IVl 25,
FATHAT 2 BRIP4 1R #1125 10 S %) oo R 2 R L
TZ VA B H N o

R T i — 2 B E 28 BRI A R R A HL Ak 2 M i
FoATT R o (R AR B TR (MCMB)E Sy b, s T ek
BRIRERAE R IER, 412 18650 HLMHEAT TIK.
&l 8 Fizn, RERIEARRRE/MCMB Lt 7R T 0Bk i
R RE MAKEYERE. RIETE 11 C SRR TF, K
RHEIBF 0.1 CHEETFH 90% L) . —20°CHlERT, B
SR LR B A T, (BRI T8 IR
LR 92% LA L. X BB 4E L T 43U I 1 R i A
TE S50 00 4 TR A8 AN 2 5 i) HL B I R, T L b
ALt R TR A H IR AT 60 CHEFMERE. 76 I

T 2500 RIGE G, AR Rk 4E R 1E 80% A 4,
IM7E 60°C R T, 400 IIEHE, 7 mERRAik s
80% VA L. SXEEHL S OGP PE A P T2 BRIP4 R AL
it i AR W AR R S AR R B et
OSSR 4L, DT AT DAAR bR S5 A B
M2 BRI TE 55 2 /NG (11 1) T AT DA s /0 A 7 P i VR
HH ) i

B 5 {RER4E R RS ME SEM &

441 441
4.2 4.2
s 4.0F S 4.0F
g 3.8¢ S 3.8
S B £
S 36[] Octahedron 5 36 Polyhedron S 36 Spherical-like
3.4 3.4 34
3.2 3.2f 3.2
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Specific capacity (mAh/g) Specific capacity (mAh/g) Specific capacity (mAh/g)

Bl 6 NI SRR B B K T8 0 R B 4k

3354



o
3

120 N
3 g5
s S 3o P 43 4 A T 2614 B A PR
< 202 7 T L 1 L B BB R A — R 1 T A
Z Ol TR ) R IR G PR R, HAE R TR R R T
®©
5 5 oetahedron 7 Fh 7 T U 07 P AR SCAE At e S B 1 S L
o N S T/ ~ N NN vk
3 ° g°'r‘]’“‘?d“|°[.‘k T T BT B BT 0 B4 A A B R B RE, ik
& 60 pherical-like . N
? /N R B A (1L L) & TET A TRDAR, DA Dk 20 A6 FR A 22 706
P aed A o H V0T Min (R i EE?%T%%W&’EEHM%
ORGSRV S B 4 8 9L P A
Cycle number AE. SCHe g R R, *ﬂﬂb%?ﬁ&%iﬁﬂfﬁﬁﬁ’% Hh
E7 AEEHRGEREMRE S5 AR Mn (i B fe/N, ko Y00 S B 006 B 1 g
4.4 4.4
Charge: CC/CV, 0.2 C, 4.2V, 20~25°C. Charge: CC/CV, 0.2 C, 4.2V, 20~25C.
4 2{Discharge: CC, 0.2 C, 2.75 V, C-Temperature 4.2 Discharge: CC, C-Rate, 2.75 V, 20~25<C
55°C Discharge
4.04 25 Discharge
3.8
< —
g&& %
% 3.4 0°C Discharge %
> 3] -10%C Discharge >
—20<C Discharge
3.0
284 () !
26 : : : : : PY S — ”C. 02¢C
0 20 40 60 80 100 00 02 04 06 08 1,0 1.2 1.4 1.6
Relative discharge capacity (%) Capacity (Ah)
1400
Charge: CC/CV, 1 C, 4.2V, 20~25C 14004 gharhger CCéCCV,11CC,24-725 \\// %%"; 100
1200{ Discharge: CC, 1 C, 2.75V, 20~25C iIscharge: ) ) 2. ) 3 B —_
mm::‘-‘ i g
1000‘\ =" i
= ° =1000 . | g
£ 800 80% £ 8
< < 8004 - 60 g
£ 5 —o— Discharge capacity 5
g 6004 8 600 —m— Relative discharge capacity 5
8 8 -0 8
4004 400 2
200+ 2004 20 §
(c) (d)
O T T T T 0 T T T T T T T 0
0 500 1000 1500 2000 2500 0 50 100 150 200 250 300 350 400
Cycle number Cycle number
Bl 8 EIB4RERE/MCMB 18650 H &R
(a) FEZEMERE, (b) IRIRMERE, (o) FIRAEIF, (d) 60°C = IRIEH
2% ik

AW =

Thackeray M M, David W I F, Bruce P G, et al. Lithium insertion into manganese spinels. Mater Res Bull, 1983, 18: 461-472
Ammundsen B, Paulsen J. Novel lithium-ion cathode materials based on layered manganese oxides. Adv Mater, 2001, 13: 943-956
Whittingham M S. Lithium batteries and cathode materials. Chem Rev, 2004, 104: 4271-4301

FIRF, BROLAR, BN

BB P OE R AR S5 R T S ekobE. fheF bR, 2011, 23: 284-301

3355



M % & B 2013F11B %58% F328

5 Tarascon J M, Armand M. Issues and challenges facing rechargeable lithium batteries. Nature, 2001, 414: 359-367
Yoshio M, Noguchi H, Wang H Y, et al, Correlation of oxygen deficiency with discharge capacity at 3.2 V for (LiMn);0,4_,. J Power
Sources, 2006, 154: 273-275
Gao Y, Dahn J R. Synthesis and characterization of Li; , ,Mn,_, O, for Li-Ion battery applications. J Electrochem Soc, 1996, 143: 100-114
Xia Y G, Wang H Y, Zhang Q, et al. Oxygen deficiency, a key factor in controlling the cycle performance of Mn-spinel cathode for lith-
ium-ion batteries. J Power Sources, 2007, 166: 485-491
9 XiaY G, Zhang Q, Wang H Y, et al. Improved cycling performance of oxygen-stoichiometric spinel Li;.,Al,Mn;_,_,O4,s at elevated tem-

perature. Electrochim Acta, 2007, 52: 4708-4714

10 Myung S K, Komaba S, Kumagai N. Enhanced structural stability and cyclability of Al-doped LiMn,O, spinel synthesized by the emul-
sion drying method. J Electrochem Soc, 2001, 148: 482-489

11 Du K, Xie J Y, Wang J L, et al. LiMn,_,Cr,O4 spinel prepared by a modified citrate route with combustion. J Power Sources, 2003,
119-121: 130-133

12 Wang H C, Lu C H. Dissolution behavior of chromium-ion doped spinel lithium manganate at elevated temperatures. J] Power Sources,
2003, 119-121: 738-742

13 Shaju K M, Subba Rao G V, Chowdari B V R. Spinel phases, LiM,6Mn;1,04 (M=Co, Co-Al, Co-Cr, Cr-Al), as cathodes for lithium-ion
batteries. Solid State Ionics, 2002, 148: 343-350

14 Sun Y K. Synthesis and electrochemical characterization of a new Se-doped spinel material for lithium secondary batteries. J Appl Elec-
trochem, 2001, 31: 1149

15 Shin Y J, Manthiram A. High rate, superior capacity retention LiMn,_,,L.i,Ni,O4 spinel cathodes for lithium-Ion batteries. Electrochem
Solid-State Lett, 2003, 6: A34-A36

16 Tsai Y W, Santhanam R, Hwang B J, et al. Structure stabilization of LiMn,O, cathode material by bimetal dopants. J Power Sources, 2003,
119-121: 701-705

17 Han C H, Hong Y S, Hong H. S, et al. Electrochemical properties of iodine-containing lithium manganese oxide spinel. ] Power Sources,
2002, 111: 176-180

18 Sun Y K, Park G S, Lee Y S, et al. Structural changes (degradation) of oxysulfide LiAlg24Mn; 7603.05S0.02 spinel on high-temperature cy-
cling. J Electrochem Soc, 2001, 148: 994-998

19 Amatucci G G, Pereira N, Zheng T, et al. Failure mechanism and improvement of the elevated temperature cycling of LiMn,O, com-
pounds through the use of the LiAl,Mn,;_,O,_, F, solid solution. J Electrochem Soc, 2001 148: A171-A182

20 Benedek R, Thackeray M M. Simulation of the surface structure of lithium manganese oxide spinel. Phys Rev B, 2011, 83: 195439

21 Kaga K, Hiroaki M, Kajiyam K, et al. Effect of polyhedron primary particle of Mn-spinel on electrochemical and Mn dissolution proper-
ties at high temperature. In: The 51th Battery Symposium in Japan, 2010

Morphology-control preparation and electrochemical performance of
Mn-spinel cathode materials

LEE SaiXiYaleTu, HU HuaSheng, XIA YongGao, XIAO Feng & LIU ZhaoPing

Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China

The disadvantage of the LiMn,O, batteries is a capacity fade during charge-discharge cycling or high temperature storage. It is well
known that this deterioration is mainly caused by Mn dissolution from spinel, especially at elevated temperature (60°C). Extensively
studies have been made to explain its degraded cycling performance, but these studies mainly focused on investigating the structural
change during lithium intercalation/de-intercalation process. In fact, the recent researches have shown that the surface structure and
interface reaction of Mn-spinel greatly affect the Mn dissolution of spinel. In this study, we have successfully synthesized oxygen
stoichiometric Mn-spinel cathode with spherical-like morphology. It has a much smaller (111) plane area compared with the single
crystal octahedral or polyhedral Mn-spinel products. The decrease of the plane area could reduce the Mn dissolution during cycling
process, which made it have better cycling performance than the commercial products. The electrochemical test results showed that
18650 cylinder batteries using this spherical-like Mn-spinel cathode material has an excellent cycle performance with the capacity
retention of 80% after 2500 cycles at room temperature. Even at elevated temperature of 60°C, the capacity retention still reached 80%
after 400 cycles.
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