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Surface modification and electrochemical properties of
LiMnO, as cathode materials for lithium-ion batteries

SU Zhi, WENG Zhi-wang, SHEN Zhong
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Abstract: By heat treatment technique, LiMnO, powders as cathode materials for lithium-ion batteries were coated with
B,0;, CuO and FePO,, respectively. The crystal structures and electrochemical properties of those coated LiMnO,
powders were characterized by X-ray diffractometry (XRD) and scanning electron microscopy(SEM). The
electrochemical properties of these samples were studied by galvanostatic method. The results show that the electrode of
the layered coated-LiMnO, has better electrochemical properties. The electrochemical impedance experiment shows that
Warburge impedance increases slightly for the coated materials. The improvements of electrochemical properties of the

surface modified samples are attributed to B,O3 or CuO or FePOj, that inhibits the dissolution of manganese and stabilizes

the layered structure of LiMnO,.
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N 10 mL AT, AR RS SN R NAR R . TR
FIEEE T T 100 CHE 36 h, FEIBERA R, BUH
Ji I 2e B FkvkYk, HAE pH EN 9 /247, Rk~
WIFE 105 CH 12 h % .

LiMnO, .78 # K} 4% . 1) 43 nl B — & &1
H;BO; ¥ T L& 7K, BidEwMgG, A 20 g
LiMnO,, #iift, T 60 CI#ZEEKZET, Hilfe
FIEEREN 1% 3% 5% B0, BAERTIKY). 2) $%
JiE LN Cu(NOs),-3H0 ¥ T2 8 Pk, Bipbiin
J5, N 2.0 g I LF 9 LiMnO, IERGREREL, B4k, SR
JE MG ) NaOH Ji, 13§, ¥E¥k, T 60 Chnk
HKRIKDET, 1595 CuO BAETIY. 3) H#&RELL
I Fe(NO3);9H,O % LB 7K, HidEams,
A 2.0 g HIFUFI LiMnO, IERATRE, SR, ARG A

KK ZRT, 153 FePO, WA R . KSR E
BrORMITE Ar {349 R T 300 CHALFE 4 h, 43 RIE31E
% B,05« CuO Hl FePO, [#) LiMnO, iE &KL .

1.2 #RIBIFRIE

FE G 100 M 45 K R T XS5 26 A 5 X (Rigaku
D/max—2500 %Y, HABEAERR S A . WA AT
WIF: CuKy(2=0.154 18 nm)HE 5T, A1 868 B (A I 2%,
K 40 KV, 100 mA, AT 20 SER 3°~80°,
FRE FE 2C)/min . FF A8 SR H 4 B
(S—3500N !, HAHZARNMATUEL . KD
KPR A AT b, R R T 2R B IS 0w e Ak
B, GRS E RIS, DU O A 25
FRIRE /N TEARFIM AT o SR X SRk i RE 1A
(PHI-5300, 3¢ [ PE 24 7))%f 5 27 i AT XPS k.
EAEME: Mg K, FRSHMOR 51 253.6 eV), T 25 W,
NG 457, A MOEHALECR A5 2 Ak
AL (IRIS Advantage 1000 %Y, 3&[E Thermo A &)t
ATIE, BAERECRISB R EA 0.5 L/min, 251k
770 152 kPa, 23 110 r/min, 5H55h % 1150
W; KD 5s, FHIRFR 15s.

1.3 #Rlags S Eaemik

FEEED . LB Ri4h 5] PTFE 445 & L
75:20:5 WG, HTGK SBHAE S BORRS SL0R R i, SR
JaVIE AN 8 mm I F, LEHA T 105 C1
8 h, REIFTHFMIIEMA . AR 1 mol/L
] LiPF6 (K43 ML (10%PC+30%EC+60%DEC, 144

ED . SIRAE AR R e BT TR, 4l
FE 99.99%), {EEA TFEMAEM(STX-3 &, Muik}
AT SIS AL FTIT) B A BT, f it o K it 12 h
PUG, fFHB IS R Si(Land CT2001A, sy 4 it
TA PR A EREAT 78 8O AR FR P B o IR
h25°C, FTHCHHE Y 50 mA/g, ATCHHIRA
2.0~4.3 V., iz Az BT (IM6ex, #2[E Zahner /A 7])
e AR AL BT, W A a R 10 kHz~10
mHz, HHEEN 5mV.

2 #ER5VE

2.1 MRIBEEHFIRER

1A 2 Pros W BEAFR A EHE LiMnO,
FOEHE) XRD o ARAEEUERFAEAN 7340, MR IE
AL EER TR LiMnOs(0-LiMnOy), M EHI i 2 5081 134k
Lrbo B 1 AR 2 80, FPEMUA S XRD w5 DA

(a) 1—Uncoated sample
2—Coated with 1%B,0,
3— Coated with 3%B,0;
4— Coated with 5%B,0;

20/(°)

(b) 1—Uncoated sample
2—Coated with 1%B,0;
3—Coated with 1%CuO

1 FPEHE XRD i
Fig.1 XRD patterns of as-prepared samples
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B2 QAT FAEHY SEM %
Fig.2 SEM images of samples before and after being coated: (a) Uncoated; (b) Coated with 1% B,0s; (c) Coated with 1% CuO;
(d) Coated with 1% FePO,

W AR o IXPT RS AL AU, DGR AN (@)
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Table 1 Cell parameters of as-prepared samples E ::g§::$ x:ttt é:;:‘:g;g;
Sample amm  bmm  ¢nm  Vnm® ©—Coated with 5%B,0;
Uncoated sample 0.2812 0.576 0 0.4580 0.074 18 500 |I(] 2'() 31(] 4'0 30
Coated with 1% B,0; 02811 0.5762 0.4582 0.074 19 Cycle number
Coated with 3% B,0O; 0.2813 0.576 0 0.4578 0.074 18 (b)

Coated with 5% B,O; 0.2813 0.576 1 0.4579 0.074 20

2 - a000a0,
O 888 oo oom00000,

s "o,
Coated with 1% CuO 0.2812 0.5762 0.4580 0.074 22 Grmen,, ““uiiﬁmmmmmmMmu
-} g v, o
Coated with 1% FePO, 0.2813 0.576 0 0.4581 0.074 22 150 Ho ""'-.._. e
o n,
"aa,
....--'nln-

22 MEIBYEILFERE
3 {7 4 LiMnO, M RHE HL Y [ 4 2.0~4.3 V,
. IR Bl 50 mA/g (A N IIEERE .

100+  =—Uncoated sample
o—Coated with 1%B,0,
*—(Coated with 1%Cu0
o—Coated with 1%FePO,

Discharge capacity/(mA-h-g-')

3 HJ AL AE 25 “CIF LiMnO, (¥ 5 OB B AR 149.8 TR BT a—
mA-h/g; M85 1% B,0s. CuO Fl FePO, i A KHT Cycle number

YU LA AN Bl 145.3, 143.2 I 1424 mA-h/g, B3 £E25 CRHEMF AL EIRAL
Bl 250,78 1, RS VOB A R . X Fig.3 Cycle performance of as-prepared samples at 25 C
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JeHT{E LiMnO, RaE — ZAEiEEeG, FoEk
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WRTDUE Y, B S RS IR 2 S AR T AR
i) LiMnO,, {4178 B,0;. CuO F1 FePO, /5] LiMnO,
FEAELZE LiMnO, [ FAL A A RE A4S 21 T 5%
FEIR 50 R R A 162.1. 152.6 F1 180.6
mA-Wg, HCARBEMEBOLA R (114.1 mA-h/g) .
Kl 4 Jr7r 2 LiMnO, A RHE 78 T80 HL3 4 50 mA/g
I3 1 ORT 50 kel gk . I 4 v LA,
B AL 50 YOG, B MR 78 i P & 8 i
B, s - aBAa b, SO R T MR
IEHR e, AR T AR L NS i

(a) Istcycle 432

42
=
= 38
=
S 34F
E
= 3.0
5
2 2.6F |—Uncoated sample
A 2—Coated with 1%B,0;

20k 3—Coated with 3%B,0,

) 4—Coated with J%B«O \§|
1.8 s : 32,
0 40 80 IZD 160 200
Specific capacity/(mA-h-g-1)
(b)  50th cycle I 32 4

42
>
= 38 I —Uncoated sample
T 2—Coated with 1%B,0;
3 34 3—Coated with 1%Cu0O
E 4—Coated with 1%FePO,
= 3.0
5
3 2.6

22

1.8 : . ' 3.2 4

0 40 80 120 160 200
Specific capacity/(mA-h-g-1)

4 RIS 1R 50 TR il
Fig.4 Charge-discharge curves of as-prepared samples in the

Ist (a) and the 50th (b) cycle

2.3 A ONT

K15 o A ] LiMnO, £ TIERRS R BB 10
A AZ AT o SRHTEE 5(b) /N & BT s i) A5 24
BRI 58 B A TG, SRR 2 ). SR

2010 4 6 H
300
(a)
250 ..
200 .
e} L =1
X 1sof o
100 - o *° »—Uncoated sample
" o o ©—Coated with 1%B,0;
50 = 8% e—Coated with 3%B,0;
ﬁ%ﬁ o—Coated with S%B«O
0 50 100 150 200 250 300
Z'Q
300
(b) ‘
Ry Cpg
200 R, Ry
=
= 150 o
N . = — Uncoated sample
100 - o o—Coated with 1%B,0;
o *—Coated with 1 1%Cu0
®* o o—Coated with 1%FePO,
50 7
0 50 100 150 200 250 300

Z'1Q
5 FEHAE 10 SR A RHAZ R T
Fig.5 Impedance spectra of bared and coated samples after

charge-discharge for 10 cycles

%2 GBI A A
Table 2 Fitted results from EIS data for as-prepared LiMnO,

materials
Sample R /Q Cpg/pF Ry/Q
Uncoated sample 42.21 36.2 118.43
Coated with 1% B,0; 80.14 47.0 123.31
Coated with 3% B,0; 81.45 53.7 131.51
Coated with 5% B,0; 92.12 55.4 143.72
Coated with 1% CuO 93.46 63.2 132.32
Coated with 1% FePO, 101.3 72.1 162.32

HLL Y Y FELT B B 72 e A 1 i 1, G S AT Rl g
AUBERM S RIEZE, AR, S
AR AR LT T

24 MPRERARTES IR RREAEM
N T HEGAEEX LiMnO, MEHGRTER], 1
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ICP-AES I & 0.7 5 M4 B AL 2E G B 5 F A v B
i HNAES LiMnO, 1E IEAA R Hith 7E 75 PR
40 KJGHFIT, ARG IR AE, AR 2
(1) FEUARBCEEA T I o 45 SRR I s 1078 1%T1) B,O5. CuO,
FePO, ¥ BH1E 1 21 )5 5 At (1) 4 28 15 & 20 0l ok
0.12.0.18.0.11 mg/g, /N T AREEAEHE 0.32 mg/g(FF
SO A TR Al T R S ) X U e
A AN ERAT A P AR, D LiMnO, s
Y55 AT LB, EA R R R AR R R
NI 05 AR () FELAR A2 D R AR

h ik UE BRI I B IR iy A2l TR T
AN T AR R IR, TSR T AR A R A
SEME, SR XPS ll5E LiMnO, FF G & IR SR
AL B 6 B prRkr XPS il . MK 6 i LLA H,
AL JE MR R R I SR R AE R0, % 3
FTA MR ByOs 1~ Ji 4Rk H I 1) A 4 43 A
(ICP-AES 5 45 H)FNZR T 73 A1 (XPS W E 45 ). 45
R BEY) B0, MBI RIDEREE)E, XY

(@) Uncoated sample Mn 2ps

641.80°

Mn 2p,»
653.36

655 650 645 640 635
Binding energy/eV

(¢) Coated with 1% CuO
Cu2p,,
9528 Cu 2psn
933.72

Mn 2p,,
Mn 2p,, 641.83
653.53

| | 1 1 ryi 1 | 1 |
970 960 950 940 930" 660 650 640 630
Binding energy/eV
B 6 KK XPS %
Fig.6 XPS spectra of samples

Fz 3 MEMEE BO; M A M1 (ICP-AES) ML J5 (XPS)
Mtk 2 41 %

Table 3 Chemical and surface compositions of materials

w(B)/%
Sample
ICP-AES result XPS result
Uncoated sample - -
Coated with 1% B,0; 1.01 242
Coated with 3% B,0; 0.29 5.31
Coated with 5% B,0; 0.51 9.51

HI XRD Wl 5 75 2 ADRHE i i 2 Bt 525 v 4
3 iR
1) ¥ LiMnO, #EHE .45 B,05.CuO 1 FePOy,

B e MR B RS RUR B B W] AR, RIR M
FHB AT 5 S VER R 0BT R [ 9 1A

(b) Coated with 1% B,0,
Mn 2p;yj
Mn2p,, 64183
653.37
Bls
192.77
660 650 640 " 200 190 180

Binding energy/eV

(d) Coated with 1% FePO,

Mn 2p;
641.80
Fe 2ps5Mn 2p,
712.55 653 65 P 2p
Fe2p,, 133.38
724.43

s | s 1
7107 660 640 77 140 120
Binding energy/eV

|
750 730
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2) KA T IEKAE LIMnO, 5 HL AT
FLEE, ARG TR, SR T 7o R
H LiMnO, Mgifafaett, Mnscs 7 ARk f ik 2
TEIPERE .

3) FARHE A BH TR 0 A ik, A
%5 LiMnO, MBFEAE RAF YT R Pk B8, Mn
(R A 1 LE AR B A B 7

4) 7F LiMnO, MR R A% 1%[7 B,03+ CuO Fl
FePO, Ji7, JRUEMIMGTICBA A BT R, (5 50 IRFEFR
SRR AR 162.1, 152.6 F11180.6 mA-h/g, Lk
AREEREHR T AR (114.1 mA-Wg) i
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