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Hydrothermal Preparation and Carbon Nanotube Modification of 0-LiMnQO,
Cathode Materials for Lithium Battery
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(College of Resources and Environment, Huazhong A gricultural University, Hubei Province, Wuhan, 430070, China)

Abstract: Rechargeable lithium battery cathode materials orthorhombic LiMnO,(o-LiMnO,) was directly synthesized
using hydrothermal reaction of MnCl,, LiOH, EDTA and NaClO solutions, and carbon nanotube modified o-
LiMnO,(0-LiMnOy/CNTs composite) was further obtained by adding CNTs into the reaction system. The as-
prepared samples were characterized by X-ray diffractometer and SEM/TEM, and their electrochemical
performance was tested using constant current charge/discharge experiment and cyclic voltammetry. o-LiMnO, was
formed when hydrothermal reaction was performed at 180 “C for 24 h with LiOH/MnCl, molar ratio as low as 8:1.
0-LiMnO, exhibited the initial discharge capacity of 76.0 mAh-g™, and cycling capacity of 124.1 mAh-g™ after
100 cycles. The formation of 0-LiMnO,/CNTs composite decreased the particle size and electrochemical resistivity
of single 0-LiMnO,. The initial discharge capacity was 94.1 mAh-g™, and increased and then kept stable after 45
cycles, and the cycling capacity was 159.8 mAh g™ after 100 cycles. This work facilitates the preparation and

electrochemical performance improvement of 0-LiMnO, cathode materials for rechargeable lithium batteries.
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Fig.4 SEM images of 0-LiMnO, (a) and 0-LiMnOy/CNTs (b), and TEM images of 0-LiMnO,/CNTs (c) and o-LiMnO, mixed with CNTs (d)

B AN HBCH RS EL(E 4d), 575 SMBIR =) o-
LiMnO, JWURLRL A2 F 2EAE 200~400 nm {2 H]
IR I i 28 A5 B Bl 40 K A5 11 2011 0-LiMnO, 200~400
nm KPR AE D 100~200 nm RIS 2 | X5
XRD B3 1 0-LiMnO,/CNTs % 4l #H 0-LiMnO, 7 4
WA AT ok 55 B A — 3,
2.2 EBLEEgE

Kl Sa FIT 78 A 0-LiMnO, 1 0-LiMnOy/CNTs & &
AR TR AR AR e PE R £ L 44 o-LiMnO, B K

200

5 -
(a) o404 8adMnO,/CNTs
o** 0500000
fop *0000
b 1601 ¢ 0-LiMnO,+CNTs *oq
=l ....o.o-...
fé ¢ ||."l-l..o-LiM;6;"u..
Elzo_... .“'-ll-.-I.:l.l’:::
L]
2 s
(=%
8 80y
40 : ; ; " !
0 20 40 60 80 100

Cycle number

El s
0-LiMnOy/CNTs 1 FEAR R [ (b)
Fig.5

Capacity / (mAh-g")

0-LiMnO, ,0-LiMnO,/CNTs Z & # ¥t & 0-LiMnO, 5 CNTs 15 ¥ (0-LiMnO,+CNTs)FT 100 U HL 25

A B R 76.0 mAh-g ! EFF 2 25 i J5 B iR
{H°N 139.1 mAh-g™', /5 8 TH 2, 100 JE 6 M 245 5
P44 124.1 mAh-g', 0-LiMnOy/CNTs & & # % &5
WL AR T N2 94.1 mAh-g! G & 45 JH ) i
Wi KA K 181.4 mAh-g™, 100 Ji1E 1 25 & P45 H
159.8 mAh-g™' XL AT L B 40 K 45 01 B 0 35 4 v
0-LiMnO,/CNTs 45 5, FZF KR 0-LiMnO, 9
L[] 2 T HELBEL R ATS , 18] 5b A 0-LiMnO,/CNTs Y S8
HL YRR RCR B 5 1 ARORIE AR T 100% , Bt W] 58

300
Lf)
250 e

120

100

e Coulombic efficiency

X

~

>

Q

200 - 80 &
;g

150 | = . {60 B
] = Discharge 9
=}

100F o Charge El
=2

=)

15}

O

50+

0

. . . 0
40 60 80 100

Cycle number

0 20

(a)FH

(a) The discharge capacity of 0-LiMnO,, 0-LiMnOy/CNTs composite, and a mixture of 0-LiMnO, and CNTs during

100 cycles,and (b) the coulombic efficiency of 0-LiMnO,/CNTs composite at 100 mAh-g™ in the voltage range

of 24~4.3 V (vs. Li*Li)



%4

RSy 42285 KT B B TE M B R 0-LiMnO, B JURR4N K A% B 707

P R Y R R R R P AT SR AR, X
0-LiMnO, 1R} J7 G548 [m) 9 b A1 S5 40 % A8 BHLAS TR
BT IO IO A P B B O R 0 R AT A AR 3 8
B, B T G B AR FRT K | 5 226 Y A
3 e L 8 v FE L JE Y XRD B L AT
VLB AR 5 A M Li,Mn,0, HIFETE

Ry Bl B8 B 4 K A O ME 4R S 0-LiMnO, HL Ak 2%
P BE I AR K52 ma AL e B AR BC L BRI —
IK A £ 1Y 0-LiMnO, F1 R Mk A CNTs A B 78 43 1R
A, He AR TR T il B R b 1F B% (0-LiMnO,+CNTs) - 21
e AL P Tt | LA PR RS MR R Sa TR, WS IR
A CNTs i ,0-LiMnO, Ak 27 fiff £ PR RE A5 LGS | B
UL S B 0] 3K 93.5 mAh-g,40 /55 M2 148.9
mAhg™, G ¥F 100 JJ5 4 113.5 mAh-g™ {2 M 40 J&
TE IR b 75 5 8 W BRI, HL R AR B B2 482 0-LiMnOy/
CNTs B, AT, FLEBIRMRYK A BT $2 5 o-
LiMnO, L 75 it | (R 26 e PRV A 7K 38R L
Y B 0-LiMnO,/CNTs & & # B T

Bl 6 N 0-LiMnO, Fl 0-LiMnO,/CNTs & & ¥ ¥t
ANTFJRR FECR L | 0-LiMnO, 7 78 HL ik 4 v A AR
TR 0-LiMnO,— TG )7 Ak 5 b 25 H— 2 it A 254 |
0-LiMnO, H & Mk ~#id M 22 (0 LR AR AR AR )5 A=
LR 7 AR RIS i A B R T PR B A 2 B A R

I'S
kS
!

~

&

Sth 100th 20th Ist

Voltage / (V vs.Li*/Li)
5oy s

1S
3

Ind
»

0 4‘0 8‘0 150 150 260
Specific capacity / (mAh-g™)

HREER LAV 2R 0-LiMnO, 1£ 3.2 V Kl ik
B R SR & WA U B ] g 5 A
TR A Y 0-LiMnO, TR 2 | o A it
B, AL 0-LiMnOy/CNTs 72 . 0-LiMnO, 7£ 4.3~
3.6 VERFERE TG, &2 MGG, % 3.8 Vil
BB & E A 2.7 V 24T,
283 CNTs Bt R TR U 52 G Mk TG4k 5 J8 IS 7
4.1 1395 V BT &, i FEEaE SRR
WM=E 28V,

0-LiMnO, 5 F 25 1t pl 9 43 DTk, o BB ik
A LiMnyO, /N A= 7C (K 6b 1 3.2~4.3 V X [iH]) il
DU T A 23 X S FRR(E] 6b T 2.4~3.2 VX)), Ry i
— B fE AR AR TE 0-LiMnO, FE B T AE R
AN TR] JEL R P T P2 B 43 S PR 43 (3R 1), SR T A
tH,0-LiMnO, 5 0-LiMnOy/CNTs 7£ 2.4~3.2 V X [a] i
ML LL A S A 25 8 K T AE 3.2~4.3 V X [H] | 0-LiMnO,/
CNTs #H Lt o-LiMnO, 45 5 A W 42 =, 7T W CNTs
O AT AR PR A LiMin, O, B9 /N THRNACZS 7 18
e H R A
2.3 0-LiMnO, /i it 2

Kl 7 A 0-LiMnO, Fl 0-LiMnO,/CNTs & & # %}
A8 BRI 22 i 2k, 480 I8 SR LR I a/a’ (3.9 V) FT b/b/
(4.1 V)53 54 LiMn,0,=MnO, A8 E 7% fk i3 #5 v 41 55

44f(b) 5th 100th 20th st
]
=
3 4.0
=
s} 2-43 \
% 36
=
= '
S 32
2 !
=
S 4-32
S 28 2.4-3.2 V|
|
o4 : ; 3 :
0 40 80 120 160 200

Specific capacity / (mAh-g™)

6 0-LiMnO(a) il 0-LiMnO,/CNTs(b) & & #4 Kk A ] Ja Yk 78 % e ifh £
Fig.6  Charge /discharge profiles of 0-LiMnOy(a) and 0-LiMnO,/CNTs(b) composite at different cycles

Fx1 FAEHEME24~32V 524~32 V REMEBLLFET#H
Table 1 Capacity contributions from 2.4~3.2 V and 3.2~4.3 V regions for different samples

Discharge capacities / (mAh-g™)

Cycle number

0-LiMnO, 0-LiMnO,/CNTs

32~43V 24~32V 32~43V 24~32V
5 25.0 42.7 5.6
20 34 753 9.3
100 31.7 723 6.8




708 I OH ot F % R 5% 31 %
0.08 F 700 |
-
0.04 600 - .
T 0-LiMnO,/CNTSs 0-LiMnO,
E -
é 0.00 500 c .
3 400 - e "
5 -0.04 a .
g N e
o N 300 5 O
-0.08 o »
200 : o
0.12 L . . . . . . . .
2.1 2.4 2T 3.0 3.3 3.6 3.9 4.2 100 L s X
Voltage / V (vs Li"/Li)

7  0-LiMnO, #l 0-LiMnO,/CNTs & & # &5 IR 4K
£k
Fig.7 CV curves of 0-LiMnO, and 0-LiMnOy/CNTs

composite at scan rate of 0.1 mV-s™

¢ m-LiMnO,(JCPDS: 87-1255)
= LiyMn,04(JCPDS: 84-1523)
= LiMn,0,4(JCPDS: 88-1026)
v MnO,(JCPDS: 44-0142)

e Al

20/ )

B8 o-LiMnO, U FEHLH 100 J& /5 ™4 XRD 3 K
Fig.8 XRD patterns of intermediate product after
100 cycles charge-discharge test of 0-LiMnO,

5l B AR AT AR T L T /e’ (3.2
V/2.7 V) EZ K LiMn,0,=Li,Mn,0, # & 5% ki3 ##
BB B ARG et AR X XRD (& 8)45
—3, WK, 0-LiMnO/CNTs 2 & # B AL HL A7
RHEMR KGR RBAIER | 28RS Rl A &
T AR — 2, 25 UL B 0 e R A
Jei HaL BHLBE AR | P 2 0 P R i

Pl O JIT 7 Ry A () P F AR A ek A 25 i it 28 i L
Prigk &, Al 0L T B 0-LiMnO,/CNTs & & # BH | o-
LiMnO, [ 5 FL B H1 2 260 Q FEAKEIT 210 Q, %45
St — 25 A CNTs 2l T A% 5 0z e BH 422 =i A
N AR A AR E I B AR B R T Co Cr Al 1]
BUZE LiMnO, fi KL IE 550 R B 2 500, 14 7T o005 Tl P 2%
o G R A PR T AR S 6 v 3 5 e 44 K A Ok
AT A BB 5 0-LiMnO, FRL Ak 2% fiff 81 75 4 RO A A2
FEME

0 1 1 1 1 1 1
0 100 200 300 400 500 600 700
Z'/Q

519 0-LiMnO, Fil 0-LiMnO,/CNTs HL % #4 ¥} Nyquist
ith £k
Fig.9 Nyquist curves of 0-LiMnO, and o-LiMnO,/CNTs

composite

3 & it

K K B — 20 6 AR 25 F i E A A R o-
LiMnO, K Ho Ak 44 K 45 81 19 0-LiMnO,/CNTs & &
PR, TERBAR R nyfny, PTREIRZ 8:1, 48 180 C
JNE 24 h AR HAR2 Y, SRR S EDTA
P K G B AR T A R B bR s e R
0-LiMnO, A #% b 2 1 m-LiMnO,.Li,Mn,0, Fl MnO,
REWY, WHE BRI IKE BB = 0-LiMnO, 1L~
PEfig, KB AEIE A 0-LiMnOy/CNTs & & #1
HE 3 0-LiMnO, HL S, BURL R ;o AR /N A R 5 il
75 FUVIE AR MR, B & B 941
mAh-g™, 2 20 AR5 T HE , 100 J4 )5 25 4
54 159.8 mAh-g,

SE WK .

[1] Armand M, Tarascon J M. Nature, 2008,451(7179):652-657

[2] Liu C, Nan J M, Zuo X X, et al. Int. J. Electrochem. Sci.,
2012,7(8):7152-7164

[3] FAN Guang-Xin(#&)" 1), ZENG Yue-Wu(#4 BR#), CHEN
Rong-Sheng (B 7€ 71), et al. Chinese J. Inorg. Chem. (% #U
L5 5 3Rk), 2007,23(6):963-968

[4] LI Yi-Bing(%* X £%), CHEN Bai-Zhen (/% [1%), HU Yong-
Jun(fHHMZE), et al. Chinese J. Inorg. Chem.(RAUAL F 5 3R),
2006,22(6):983-987

[5] SU Zhi (%), YE Shi-Hai (it %), WANG Yong-Long
(FEAKIE). Chemistry(f¢ 5 B 4R), 2009,72(11):993-997

[6] Guo Z P, Konstantinv K, Wang G X, et al. J Power



%4

RSy 42285 KT B B TE M B R 0-LiMnO, B JURR4N K A% B 709

Sources, 2003,119-121(1/2):221-225

[7] Bruce P G, Armstrong A R, Gitzendanner P L. J. Mater.
Chem., 1999,9(1):193-198

[8] Xiao X L, Wang L., Wang D S, et al. Nano Res., 2009,2(12):
923-930

9] Ji H M, Yang G, Miao X W, et al. Electrochim. Acta,
2010,55(9):3392-3397

[10JIA Chun-Hui (% %7 1), LU Dao-Rong (& i %¢), HU De-
Peng($1TEMS). Metallic Funct. Mater.(% /& 21 #6 41 #1), 2012,
19(2):26-30

[11]Xie J L, Huang X, Zhu Z B, et al. Ceram. Int., 2011,37(1):
419-421

[12]He Y, Feng Q, Zhang S Q, et al. ACS Sustainable Chem.
Eng., 2013,1(6):570-573

[13]Huang X K, Zhang Q S, Chang H T, et al. J. Electrochem.
Soc., 2009,156(3):A162-A168

[14]Qiu G H, Gao Z Y, Yin H, et al. Solid State Sci., 2010,12
(5):808-813

[15]Yin H, Liu F, Chen X H, et al. Microporous Mesoporous
Mater., 2012,153:115-123

[16]Qiu G H, Huang H, Dharmarathna S, et al. Chem. Mater.,
2011,23(17):3892-3901

[17]Chen S L, Cao F F, Liu F, et al. RSC Adv., 2014,4(26):
13693-13703

[18]Stobinski L, Lesiak B, Kover L, et al. J. Alloys Compd.,

2010,501(1):77-84

[19]Riley L A, Atta S V, Cavanagh A S, et al. J. Power Sources,
2011,196(6):3317-3324

[20]Chitra S, Kalyani P, Mohan T, et al. J Electroceram.,
1999,3(4):433-441

[21]Croguennec L, Deniard P, Brec R, et al. J. Mater. Chem.,
1995,5(11):1919-1925

[22]WANG Lu(E#k), MA Wei(5 i), HAN Mei (¥ ), et al.
Acta Chim. Sinica(1tF % i), 2007,65(12):1135-1139

[23]Yi J, Huang B Y, Wang H F, et al. J. Electrochem. Soc.,
1999,146:3217-3223

[24]FAN Guang-Xi(7&)" #1), ZENG Yue-Wu (' K &), CHEN
Rong-Sheng(BR 7 T1), et al. Chinese J. Inorg. Chem.(F% AL
F 3 IR), 2008,24(6):944-949

[25)Ji H M, Yang G, Miao X W, et al. Electrochim. Acta, 2010,
55:3392-3397

[26]Nagasubramanian A, Yu D Y W, Hoster H, et al. J. Solid
State Electrochem., 2014,18:1915-1922

[27]Cook J B, Kim C J, Xu L P, et al. J. Electrochem. Soc.,
2013,160(1):A46-A52

[28]Wu C, Wang Z X, Wu F, et al. Solid State lonics, 2001,
144(3/4):277-285

[29]CHEN Shang(F# I+), WU Xian-Ming(% . #]), LIU Jian-Ben
(XA, et al. J. Funct. Mater. (% 8 # #1), 2009,12(40):
1964-1966





