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Recent developments in spinel LiMn, O, cathode material

YANG Zhan-xu, QIAO Qing-dong, KANG Xiao-xue
(College of Petrochemical Engineering, Liaoning Shihua University, Fushun 113001, China)

Abstract: Spinel LiMn, O, has been considered as a potential cathode material for power Li-ion batteries because of
its low cost, rich resource and high safety. However, spinel LiMn,0, shows poor cycling performance at elevated
temperatures , which restricts its application. In this paper, the capacity degradation mechanism of spinel LiMn,0, is
introduced. The progress in ion substitution and surface coating treatment for spinel LiMn,O, at home and abroad are
described in detail. The reason of enhanced electrochemical performance of ion substitution and surface treatment for
spinel LiMn, 0, are discussed as well. Finally, some future directions for spinel LiMn, O, are pointed out.

Key words: lithium-ion batteries; cathode material; spinel; ion substitution; surface coating treatment

Rahfr LiMn, O, BA HARE P T SRR AS |
WIRE B AR B RS AU S R, B R
BT R B A BB B IE BT R, (B, R A
LiMn,O, W R R MEBE 22, N B G T R & A
LiMn, 0, W&o PRI, %2R b £ 4 PR R F) 50 P T
FRE AR ARITIRE, EHERNARMEO
LiMn, O, B fe i 2% f2t TE VAL B SO PR T BUOIR

1 L BA LiMn,O, FRHIE

L1 $RH)RAR

R e o) S RO R A L
LiMn, O, FJE it R B9 7 A, th T L AR W &
AEK B AR RO R BT AR R HE, AT 5 H
W AE Y BRI, JUHAE o i R AR R AR T A
5 1 BRSO O AL S, ISR O VA o P 251
R = 9 BRI AR £ (LiODFB) iy Fi fff v £ 2, 76
60°C I 1 A5, WX KW Mn 53 A2 0. 1
ne/s, I H L= ae A T B B 88 7, i ok A
LiPF, S 4 Eh oy v S o H R B PR AR O 129 pe/so

53 4h, S H A ROBE B 4 X R 4R B U R,
2Mn’ " (s)——Mn** (s) +Mn?* (1),
1.2 Jahn-Teller g5

KA LiMn, O, FEF B BR P KA T R
8] DU 75 fh R AL, 33— TR 40 B A O TR Y
8a i E, WIEE B F 3 ANHRK 16 {0 F , 1 BR
mna P FHE IR HE, S RRA R WA &, IF Xl
PEREE S8 35K I He 4 FIHL s B 22 , LiMn, O, Y &#
Moz BT 15% 0 Fy BHIRAE T 6%, BT
Jahn -Teller 0 LA™ 5, ¢/a HLBIAEALIAE] 16% ,
A M BATTAAR BRI i 6. 5% , DA S B A 3 T 7R AR
Z45% , BT B PR APV Ak TR ARG O, o S5 R4
WA
1.3 SHoEpE

TR A LiMn, O, AN S SEN S 7A
R, ER BRI B BT S T B, f145 LiMn, O,
R EREZ B . BRI IR R BiRE
BRI 8 AR Al A P AR T AR HEAL A T R E
iR 2% ; B IR LiMn, O, X LA IRA — € HIHEALAE AT,

s HHF:2011 —08 - 18
ESWA I TAELE3hE4W H (20111061)

EE R 501982 - ), 55 1k, PRI, BF 507 1 Do S RE A4 KL , yangzhanxu@ sohu. com,



<15 .

B LS R R AL, & R A
LiMn, O, %K Ao

HRIEIR B R fh A LiMn, 0, HLAL~EPERE DT T,
EER AR 2 AR T A B O PR O ik

2 &&A LiMn, O, RS R MERR

BB RS EERESE FBABIREA
LiMn, O, FJ&u#E 1, $252R i A LiMn, 0, B 45H%
SEVE , TR i B AR b i) s A 2 PR BB . R E 20
WETFEEAFEMETHAET. BREBITRM
KL, Li Mg, AL Ti,Cr,Co ,Ni,Zn,Ga 45, 1M
BIRWAESRITRA F.S.Se FI 145,

2.1 EEBTFBE

B Li,, Mn,0, J¥ 8/ Li, ,, Mn,0, 1EARHF
BHAEFR M SSC TR ER T RBRM
LiMn,0,, & Axd it i 28 BB 0 4 1) - S S AL S 7E 5
i AR IR AR RE R T 3.5 VR T M’ A
i, T F540 04 7 SR F Jahn —Teller 24 57 32 2411
), 4 1 HL b RS E P, 2 T e P AR B R Y T 53
P, AR R T AR RO TR SRR

BB Z4E LiMn, O, FME AR B S50 A 4
HRARL, IR R i S 2, 00 4 PO 9 A R Jahin —
Teller RN o BCPER LA RHE LRI 20 FEE3F /G H:
AR EARBA ZEW, IR REFTE 100 mAh/g
AL,

Choi %' FI#R B2 8 & L T LiMn, o5 My o5 O,
(M =Al,Co,Fe,Ni 5% Y) , BARVIIE BRI LiMn,0,
A FRAR BRI P BE A5 BB K ARk . CF°F A
Li" [A]if#2 A2 LiMn, 0, H, 7T DL 8 22 & LiMn,0,
)= IR = IR IE SRR, L, (, Crg , M, O, ZEE R T
B3, BRI — K E BN 0. 1% , 72 50°C
THEEF 50 FlJE, i le AR AT A B ik 114 mAh/g,
BRFF TVIRZ RN 95% o BORH T G ML
B Mo RNUARRE T LiMn, 0, F99R & 41 4544, T
HFEAK T Mn®* ZEHLAR I IOV

Co BABIREA LiMn,0, W, JE R B A LS
P Li(Mn, ,Co,)0,(0.1<x<0.5), NMUEFT
LiMn, O, S5H47% % P A8 BR AR 1 , 1T HAR 23 B
JFA IR AT A

A, ZFh & RITR LR BAEER IR A —&
JRICR B A B Bk, N Li; o, Cog y Nig ; Mn, 4 O,
MU T HORH R IR 2 42, T ELOR S T AR A
RS R ARE , SX 2 B T Co I Ni L4520 0] DI 20
il LiMn, 0, i FHE F /746" o LiMn,0, B A

Al, Co, Cr #£ & T LiMn,O, 1y 16 3 52 & ¥,
LiAl, ,,Cr,,,,Mn,, s0, fE¥F 200 K5, 3R FE0) 1R 25
B 90% , ARVIIA A RA BT, @it Al Co Cr
XF Mn #5823 BUR, A UfE 88 8 778 IEAR P 9 1
RZBERE — RS, 1 H Jahn -Teller B4R .75 3|
T BRI, FHARS R E R R
2.2 kEEETHESE

PR R I G I L L, Mn, MO, _,F,
(0<y<0.5), 1T 9RAm SR LR, IR T BE
J158 AT IR AR AR A LR B RN E N, P B AR E
TERS IR T MR AR e o AT, S T AR
LiMn,0, # A& B & F M J5, LiMn,_,M,0, ¥ 4f
AR, A AR AR ET M BB Mo
MAEERE T F 2 S AL 0,25 LiMn,0, H
Mn®* &, TR B AR R S 8, &
BET ALFAEERE T F X R4 4 LiMn,0, [FEf
B4 183K LiMn, AL, O,F, _ IERA KL, AUEA
RAFHTEIAVERE, T LRI BB MR A&
Xf LiMn, O, #ATHHME FIB4, —EBE Ll L
ffp Dk LiMn, O, R FIEIRE M Z AP o

3 LiMn,O, FE S RIR

Lt REEE R A LiMn, 0, IERATEHAGE
0 Y R B R R R IS0 T T A R AR VRLTE R
o, CE RS R Z (R Y SR TV RE L 4R
MM B mR e NMRE TRGEA
LiMn, O, HIEFFERE

RASHEME T EQES BT Y 24
A B BEREE A VAL G5
31 &BHER

RN B RARMESF, Son
415130 Zhou 41 FARXT LiMn, 0, k1 k5% W 4T
A FRPE IR, R UTRTESR f A LiMn, 0, 3R K K42
T RAEFHEMER, 125 T AR AR P BE PR3
P, Lim %7 F & VIR & A LiMn,0, £
T, [FIFEL AT DL G I RE
3.2 S

FHUBBHEALY HE L, W Zn0. ALO,.
Ti0, . Zr0, . Co,0, . Si0, . VO, %, Liu 2" g 7
JBE B AEAR i A LiMn, 0, R (08 — & &4
R 2% 1) ZnO , 7E S5°CHEI, B JA{UEN 0. 19%
FEEHTEEE W LB WA, s RS
FLA R[] () S TR B, 48 85 T R A A LiMn, 0, 1Y
B ERE



- 16 - HL AR, AL

Lim 2172 F 8 7,435 3 it W% 45 B ( PVP) % B
%EQ&HEHE LiMn204 i‘éﬁ@%—‘% ZrOzngO E?‘
Al203 ’ ED’[%‘ LiMn204 j]l]@] PVP F?ﬁ{ﬁcp , PVP /i:\uﬁl}ﬂ‘
£ LiMn,O, R, SR 5 ¥ — € B A ER h S B AR £5
B EaREME SR, R, R RSB A B
LiMn,O0, ,Zr0, /37 LiMn,O, WA E JHEWE 1
No 1%Zr0, £37 LiMn,0, B KHH LA & 134
mAh/g, FECRZ K 98% , T S A BH L lb & 2R
127 mAW/ g, BES 3R 93% , I3F HIE 65°C 1§ 3F 55
A, B S AR A B R R EE R 95% , T R Rt
AR RAH 45% . FEH IR %414, LiMn,0,
JERF B R W AR B KT 5 000 wg/g, TR A ZrO,
{378 LiMn,O, 4V it R A 85ug/g. 210,
LiMn, O, # BRI H L B TGS PERE, X F 22 H
TFREWEZ Zr0, 7] LITH bR AR R RR , 3 17 06
T &M LiMn, O, g4 5 0¥ f , O BALE R 7T LA
BRI A FR TS P 5 R A VR A 422k, AT
BRI AR, Lim 2% R AT A IHI & T

MnO i3
°h ;Kf%) LiMn,0, 49k 4k

B 1 Z:0, 47 LiMn,O, @A LR 7 EE"

140

1

—
a«oogw
= (=)

HEAE/mAh- g
IS
(=]

Curront rate =1C at 65C 320

[\
=]

=]

0
10 20 30 40 50 60 70 80 90 100
TEFRUBL

1—PVP &% MgO {07 LiMn, 0, ;
2—PVP #h1k AL, O, f78 LiMn, 0, ;
3—3k | PVP #5115k MgO 4078 LiMn, O, ;4—FUkHR} LiMn, 0,
B2 £ 65C T, B ¥ LiMn,0, ,PVP # B 3%
MgO 47,7 1 AL O, 4 7 LiMn,0, , % il PVP
# B MgO & LiMn,0, £ 1 C X TH
EN S E S

MgO F1 AL O; 407 LiMn,0,, 3% 2 F A4 R R B H
TR TR AE B RE AN AR, AN 2 BT,
% 65°C F 4B, MgO £17 LiMin,0, Al ALO, {078
LiMn,0, £33 35 AR, A SRR 2005 95%
M 90% , i JE A Kt 23 35 AR Z 5 L&A
=,

Arumugam 2P SR R4 1% Ce0, 3
B LiMn, 0, ,7E 60°C T #171E3F, HE R LA &
125 mAh/g, Z3f 100 B3R fE AR FF RN
93.0% , JE A4 BHE I Ll &l 125 mAh/g, T4
i 100 FE 35 H A B R R 2K 49.6% . I H
B8 1% CeO, £17H LiMn,0, HyF5ZPEREH
EF O, BMELE 20 C HCR AR, Hkh b A &
BRI LA 3] 102 mAh/g, GO AR R iR R BEFIAY
YRR B R H T CeO, )2 7 IR HE—
MaEWm SRR, It EaEZETUA
RO TG P ) J5 5 A JB 949 BOE , A T o AR 4
Tt

Cho ™ W BE R &5 I T W BE b, R G ¥
LiMn, 0, in AB| iR % W+, 72 400°C 4be 8 h 153
Co,0, f37F LiMn, O, , iZbH KL YA H LE 25 5 105
mAh/g, FJFEATEL 113 mAh/g SR, HOR T i 25 &
%3 mAh/g F117 mAh/g, 3 HFE 60°CHEH 50 7
B EEA B AL, TR R T 41% X
FEIHE T LiMn,0, ¥ F 3R M A LiMn, , Co,0, Fl
Co,0, I Z 5825l T HF Xf LiMn,0, HiF H /5§
Pl , NITTRHLLE T 4R 7 % o Lee %[23])'%‘ Li; ;Mn, ,0,
HARAT RN AR & A A &R i S 8wl , Ot
FAEUK AT pH, AW pH /454 7, BA R H15 2
Co,0, f37 LiMn,0,,7E S5°CHEFF 100 &, & &R 4F
REIE 97. 1% R BRI H = BT
3.3 E58EULY

REUWBENE 5 AW ILEZE, W Li,Ti;0,
LiAlO,. CoAl-MMO. LBO. Li,ZrO,. LiCoO,.
LiNi, ,Coq 0, %

Liu 2520 4351 5K A 0 5% B4 Bk e 88k 2% 1 5%
Li,Tiy 0,y 17 LiMin, O, , 75 55°C B3R, 51 4 912608,
0.62% F1 0. 45% , T [ 44 Bl 4 JB 3= 8 0. 99% , | I,
R UEM R R IRIE I R —E 4R & . X E
BIEM T Li,Tis O, B R M 1 sk 5 iR ]
FAIRI S, U800 T i P e T L R R P 0 2 o

Sun 45138 13 4 pH i 4 LiAlO, % , 1M J5 K
LiMn, O, I AR, 72 600°C =S T REBES h, il
£ LiAlO, /878 LiMn,0,, ZEHIR 55CF,1 C X



ST R oy
2007258 1 B

.17 -

HEAT FEH R B ER, 2258 200 JAEINE A BRI R
2990.0% LA b PhBEHR 0 R B R R E R A
R T —JE4) 12 nm ) LiALMn, 0, 2, 7R
JEH AP R T84 M, BH IR T 55 # k— 25 Bk
BESR , TR R T AR M R s 1

Yang %7 SR LT HE 7 1414 T CoAl -MMO
7 LiMn,O,, % 28 T # 4b 38R & f1 4 78 & %F
LiMn,0, Hifb 2% M RE I W, BR9E £ W, %
CoAl -MMO 1378 &5 Co 1 Al 435 5 LiMn,0,
3% 1 0. 5% , $b BIEEE 2 400°C i, 4078 ke P R
AL 22 M RE B . 76 55°C , 4t 50 FATE IR A
BERN 92.2% , SRBEAFEEREESHEE
JE R R 2 A R T S AR e
fih, $U0 0 T LA YR B SRR VG B VAR, AT RGE T
AR 2544 o
3.4 S4Y

FHABENRLY EEH AR YF,™
StF, ™! \BOF™" & iy TR AT HF, B LUK
AL B AE IE AR T8 AT AR 1 HF %o 4 b1
BRI, T 8 R O A, 1 T 422 23 M R £
#VERE, Lee %m]%ﬁﬁ AlF;, 78 Li, ; Aly s Mn, 4O, ,
7E 55°C THEFF 100 JA, H A R R 515 96.2% ,
e 3 B

—
[N
(=]

96.2%
< 100
L-1e]
% 80 85.3% |
£ 60
it
gﬁ 40
" 20 3.0~4.3V,55C
0

10 20 30 40 50 60 70 80 90 100
[E287€

Kl 3 Lil.lAlo.OSMn1.8504(a) #n AlF, wHE
Li, ; Aly osMn, g 0,(b) YR AR 7]

3.5 BiRE

REACENHERLEFER AIPO, | FePO, o
Liu 551 % 2L UTE 15 ) 45 AIPO, {078 LiMn,0,,
AR 55CAEE 50 Ji, KA RIRIFR N 92.4% ,
RGP RRIR S £ T AIPO, GBE AT IR E R
FhT LiMn, O, M55H . Qing % R FIFL U 3E %
# FePO, £ LiMn, 0, , b1k i) i Ak 2 1 R A
PR AR, EEE M TAE)Z FePO, [
PSR -S5 45 P o T  f , JB BA A , DAT
REMBHRREN . 75h,FePO, WBZIERE T SEI
FEEAY R TR BT ER R T R T YRR T o

3.6 SHLEY

F TR 0 VLY BATTE Z BT B BN |
BIEM B (3,4-Z ALY IR (M
HEALRE) (PDDA) 45 %) | Y 2, B 7R R A B 22
£ LiMn,0, MR, 7T LI B R 5 A LiMn,0, 7658
BT WEREEE, XEERM TREAEKNZB
AR AT AR 25 O MR G Il v, BEL L4 BV A o KR
£ LiMn, 0, B ER ( MR = E L)
(PDDA) Wi P, — B R AWM EAR S A LiMn,0,
M o %R MR AT ORI S BE AR, i R
JE , B L B A , 35 8 AEAR R R S e 2
eSS

4 RE

UTAER , BB R Bl E S = ™ A 3)
TR BTG R, B 1 R 3t A 7 SR Rt 7 S AF
WK RévfA LiMn, 0, BANMIIE. 5 TaM. %
SRR A4 S5 LA S R 3 L TR A
AR, HARE A LiMn, O, iR G 3F Pk REZE PR T
HRLH o S AR B A AR AR SR AR
fnf1 LiMn, O, B iR EHREEHOTI, CERE T
FEHRMGERE . BEE X ZM BTSSR A R A
LiMn, O, w56 ER A% % P 25 B [R) A — ELAfR b, JHC
K R 30 0 B T v T ) B IE AR R, 1K 3l
FIH BT R R RIEA — 0B R R B

&% Uik

[1] Fu M H,Huang K L,Liu S Q,et al. Lithium difluoro( oxalato) bo-
rate/ ethylene carbonate + propylene carbonate + ethyl ( methyl) car-
bonate electrolyte for LiMn,0, cathode [ J]. Journal of Power
Sources ,2010,195 ;862 — 866.

[2] Ma S,Noguchi H, Yoshio M. Cyclic voltammetric study on stoichio-
metric spinel LiMn, 0, electrode at elevated temperature[ J]. Jour-
nal of Power Sources,2001,97 —98 ;385 —388.

[3] Morales J,Séanchez L, Tirado J L. New doped Li-M-Mn-O(M = Al,
Fe,Ni) spinels as cathodes for rechargeable 3 V lithium batteries
[J]. Journal of Solid State Electrochemistry,1998,2:420 —426.

[4] Deng B,Nakamura H, Yoshio M. Capacity fading with oxygen loss
for manganese spinels upon cycling at elevated temperatures[ J].
Journal of Power Sources,2008 ,180 ;864 —868.

[5] Saitoh M,Sano M, Fujita M, et al. Studies of capacity losses in cy-
cles and storages for a Li; ; Mn; 4O, positive electrode[ J]. Journal
of the Electrochemical Society,2004,151;A17 — A22.

[6] Deng B,Nakamura H,Zhang Q,et al. Greatly improved elevated-
temperature cycling behavior of Li;,, Mg, Mn,_,_, O,,; spinels
with controlled oxygen stoichiometry [ J ]. Electrochimica Acta,
2004 ,49 .1823 - 1830.



.18 -

[7] Choi H J,Lee K M,Lee J G. LiMn, ¢sM; osO, (M:Al,Co,Fe, Ni,
Y) cathode materials prepared by combustion synthesis[ J]. Journal
of Power Sources,2003,103 ;154 —159.

[8] Yoshio M,Xia Y Y,Kumada N, et al. Storage and cycling perform-
ance of Cr-modified spinel at elevated temperatures[ J]. Journal of
Power Sources,2001,101,79 -85.

[9] Shen C H,Liu R S, Gundakaram R, et al. Effect of Co doping in
LiMn, O, [J]. Journal of Power Sources,2001,102:21 - 28.

[10] Hwang B J,Santhanam R,Hu S G. Synthesis and characterization of
multidoped lithium manganese oxide spinel, Li; o, Coy  Nig ; Mn, ¢
0,, for rechargeable lithium batteries [ J ]. Jounal of Power
Sources 2002 ,108 :250 —255.

[11] Song D,lkuta H. The spinel phases LiAl, Mn,_,0,(y =0,1/12,
1/9,1/6,1/3) and Li(Al,M),,Mn,;,,0, (M =Cr,Co) as the
cathode for rechargeable Lithium batteries[ J]. Solid State lonics,
1999,117.151 - 156.

[12] Kang Y J,Kim J H,Sun Y K. Structural and electrochemical study
of Li-Al-Mn-O-F spinel material for lithium secondary batteries
[J]. Journal of Power Sources,2005,146:237 —240.

[13]Molenda M, Dziembaj R ,Podstawka E,et al. An attempt to improve
electrical conductivity of the pyrolysed carbon-LiMn, O, _ ySy(O <y
<0.5) composites [ J]. Journal of Power Sources, 2007, 174
613 -618.

[14] He B,Bao S,Liang Y,et al. Electrochemical properties and synthe-
sis of LiAly osMn; o505 o5 Fj o5 by a solution-based gel method for
lithium secondary battery [ J ]. Journal of Solid State Chemistry,
2005,178 :897 —901.

[15] Son J T,Kim H G,Park Y J. New preparation method and electro-
chemical property of LiMn, O, electrode[ J]. Electrochimica Acta,
2004,50 :453 —459.

[16] Zhou W J,He B L, Li H L. Synthesis, structure and electrochemistry
of Ag-modified LiMn, O, cathode materials for lithium-ion batteries
[J]. Materials Research Bulletin,2008 ,43 ;2285 —2294.

[17] Lim M R,CHo W I,Kim K B. Preparation and characterization of
gold-codeposited LiMn,0, electrodes [ J ]. Journal of Power
Sources ,2001,92:168 —176.

[18] Liu D,Liu X, He Z. Surface modification by ZnO coating for impro-
ving the elevated temperature performance of LiMn, O, [ J]. Journal
of Alloys and Compounds,2007 ,436:387 —391.

[19] Lim S, Cho J. PVP-Assisted Z1rO, coating on LiMn, O, spinel cath-
ode nanoparticles prepared by MnO, nanowire templates[ J]. Elec-
trochemistry Communications,2008,10:1478 - 1481.

[20] Lim S, Cho J. PVP-functionalized nanometre scale metal oxide coat-
ings for cathode materials successful application to LiMn, O, spinel
nanoparticles [ J ]. Chemical Communications, 2008: ¥ () :
4472 -4474.

[21] Arumugam D, Kalaignan G P. Synthesis and electrochemical char-
acterization of nano-CeO,-coated nanostructure LiMn,O, cathode
materials for rechargeable lithium batteries[ J]. Electrochimica Ac-

ta,2010,55 :8709 —8716.

[22] Cho J,Kim T J,Kim Y J,et al. Complete blocking of Mn®* ion dis-
solution from a LiMn, O, spinel intercalation compound by Co;0,
coating[ J]. Chemical Communications,2001 ;1074 - 1075.

[23] Lee K, Myung S, Bang H, et al. Effect of protecting metal oxide
(Co30,) layer on electrochemical properties of spinel Li, ; Mn, 40,
as a cathode material for lithium battery applications[ J]. Journal of
Power Sources,2009,189:494 —498.

[24] Liu D, Liu X, He Z. The elevated temperature performance of
LiMn, O, coated with Li, TisO,, for lithium ion battery[ J]. Materi-
als Chemistry and Physics,2007,105 :362 —366.

[25] Sun Y, Wang Z, Chen L,et al. Improved Electrochemical perform-
ance of surface-modified spinel LiMn, O, for long cycle life lithium
ion batteries [ J]. Journal of the Electrochemical Society, 2003,
150:A1294 - A1298.

[26] Yang Z,Yang W, Evans D G, et al. The effect of a Co-Al mixed
metal oxide coating on the elevated temperature performance of a
LiMn, O, cathode material [ J]. Journal of Power Sources, 2009,
189:1147 - 1153.

[27] Lee D,Lee K,Myung S, et al. Improvement of electrochemical prop-
erties of Li; | Alg os Mn; ¢5 O, achieved by an AlF; coating[ J].
Journal of Power Sources,2011,196:1353 —1357.

[28] Cao J,Cao G,Yu H,et al. Synthesis and electrochemical perform-
ance of YF;-coated LiMn, O, cathode materials for Li-ion batteries
[J]. Rare Metals,2011,30:39 -43.

[29] Li J, He X, Zhao R. Electrochemical performance of SrF,-coated
LiMn, O, cathode material for Li-ion batteries[ J]. Transactions of
Nonferrous Metals Society of China,2007,17:1324 —1327.

[30] Lee K,Myung S, Amine K, et al. Dual functioned BiOF-coated Li
[Liy ; Aly osMn, g5 ]O, for lithium batteries[ J]. Journal of Materi-
als Chemistry,2009,19:1995 -2005.

[31] Liu D, He Z, Liu X. Increased cycling stability of AIPO,-coated
LiMn, O, for lithium ion batteries[ J]. Materials Letters,2007,61;
4703 - 4706.

[32] Qing C,Bai y Yang J,et al. Enhanced cycling stability of LiMn, O,
cathode by amorphous FePO, coating[ J]. Electrochimica Acta,
2011,56,6612 —6618.

[33] Amatucci G G,Bliyr A, Sigala C. Surface treatment of Li; ,, Mn, _,
0, spinel for improved elevated temperature performance[ J]. Solid
State Ionics,1997,104:13 -25.

[34] Arbizzani C, Balducci A, Mastragostino M, et al. Li; o; Mn, 4, O,
surface modification by poly ( 3, 4-ethylenedioxythiophene ) [ J].
Journal of Power Sources,2003,119 —121:695 —700.

[35] Nishizawa M, Mukai K, Kuwabata S, et al. Template synthesis of
polypyrrole-coated spinel LiMn, O4 nanotubules and their properties
as cathode active materials for lithium batteries[ J]. Journal of the
Electrochemical Society,1997,144:1923 - 1927.

[36] Arbizzani C, Mastragostino M, Rossi M. Preparation and electro-
chemical characterization of a polymer Li; ;3 Mn; o; O,/PEDOT
composite electrode [ J]. Electrochemistry Communications, 2002,

4:545-549. 1



