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Fig.4 Cycling performance of samples with different Fe contents
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Fig.6 Rate performance of samples calcined at different

temperatures



+210 - WA SRR T

i 45 %

4.5

4.0

>35
S

25

2.0

0 20 40 60 80 100 120 140 160 180
Capacity/mAh-g*
B 7 AFEBBE RS [EIFE 5 0.1C £ 38 B ¥ 78 5 . il 45
Fig.7 Initial charge/discharge curves of samples calcined
with different time at 0.1C

160
01C
sy 02C
- v ‘4
(2]
= 140 v, LVVEIVINR
v, AA
E v EYYVS AAAAAAAAAAAAAAA
=
v
é‘ VVVVvVvVvvvvvv
% 120+ MAL S
YVvy
% vvv'vv
(@]
A 10h
100} v 3h

10 15 20 25 30 35
Cycle Number

0 5

8 ANIE) B IR IR 1] A5 it PO 0 37 1 BE 26
Fig.8 Cycling performance of samples calcined with

different time

M PERE M2 . JBbe 3 h HI 73 FE &L 19 0.1 C B WKl
BB S, HEEFARET, AEERLEE,
0.1 CIEH 5 !XJa, =M 1445 mAh/g [& % 134.2
mAh/g; 0.2 C {E¥ 30 k)5, %5 & M 126.3 mAh/g % ik
% 113.3 mAh/g, HERFEFREN 89.7%. X 5 R4
AR, Bk 3 h BAMMEIERATEE, FEME
St E R E. Hik, ERASRETS, MEEE R
AP, BUEM R A R R .
2.5 LiMngsFeosPO,/C RIS REIF I BE

9a s 600 CHKE 10 h il £ f¥] LiMng sFe sPO4/C
MR IE A PERE . BRI, fEMRRERT, MER
BRI, ESERRE; ERfEE T, MEA
A RUFIOE A ERE, BIAITE 4 C 5%, FEME
VUM FL 75 5 108.8 mAN/g, 1E3F 30 KR, RERRF
N 97.7%. & 9b =AM RHEE 2C F1 10 C £ T &
PERE T2 .2 C 5 F G 100 K5, 75 & M 115.2 mAh/g
B2 112.7 mAh/g, A ERFFFHR N 97.8%; 10 C 5% 1F
200 K5, ZE M 98 mAh/g B4 % 87.85 mAhlg, %

140} wpwmsummg a
bLL Ll L LT} TPy e
< 120+ 00000000000 500,00000000,000000
> XL SUVIV VYOV ION YV Y VSO
_QC: VYV YV VY VYV VYV VVVVVYVVVVVVVYYYYYY
T100f ..
s 444444444444444444444444444
'E 80} = 02C
3 e 1C
S 60 . 2C
I v 4C
<« 10C
40 L L L L L L L
0 5 10 15 20 25 30
120

b

100}

o]
o
T

Capacity/mAh-g*

4 2C
v 10C

0 50 100 150 200
Cycle Number
9 LiMngsFeosPO4/C FF i 5 HAf M1t g
Fig.9 Rate cycling performance of LiMngsFeqsPO4/C samples:

(a) 30 cycles at different rates and (b) 100 cyclesat2 C
and 200 cycles at 10 C

ERFFAY 89.6%, KL, LiMngsFeqsPOL/C 5 % JFH
PERE R AT

3 & i

1) SRRV, CAIy RE A i Dy ide S 0 F B, T
BB T 5% LiMnPO, A il % H A6 2= 1 R IR = 1
LiFe,MnyPO,/C B & IEMHI KL

2) BB MBI F LIMnPO, MtsUs4s, Wi
R ST UR/N , AHAS 2 06 B ) it A 465 140368 BCABE R

3) KB THBIARNTHEE FIEME Y 8L,
A R E R AL A PR e

4) PBERE . BRI RIS (8]0 B4R FE Ak 2
REFFAE 5 AN AR FE B . 2o rp 600 “CBEBE 10 h i1l 4%
1458 N 50% (x=0.5) [¥) LiMngsFeqsPOL/C F A %
e P Bl 75 B R R R 5 A B 1 R

2k

[1] Padhi A, Nanjundaswamy K, Goodenough J. Journal of the
Electrochemical Society[J], 1997, 144(4): 1188

[2] Liu Hongquan(xJ7t40), Zheng Tiantian(¢ i ), Guo Qian-
ying(55 f& #1) et al. Rare Metal Materials and Engineering (%
HE&BEAMES T[], 2012, 41(4): 748

References



%1

X, Fe $54% LIMnPO,/C 4% Al ELAL 2k fE

«211-

[3] Zhu Yanrong(%k Z %), Xie Ying(#f %), Yi Tingfeng(ft 1£4%)
et al. Chinese Journal of Inorganic Chemistry (TEHLAL 2 4K)
[J], 2013, 29(3): 523

[4] Liu Xuewu(X% 1), Li Xin(Z= ¥r), Deng Yuanfu(X3iz &) et
al. Journal of Functional Materials(Zh B #4 ¥} )[J], 2013,
44(10): 1381

[5] Drezen T, Kwon N, Bowen P et al. Journal of Power Sources
[J], 2007, 174(2): 949

[6] Kim J, Park K, Park | et al. Journal of the Electrochemical
Society[J], 2012, 159(1): 55

[7] Bramnik N, Ehrenberg H. Journal of Alloys and Compounds[J],
2008, 464(1-2): 259

[8] Kumar P, Venkateswarlu M, Misra M et al. Journal of the

Electrochemical Society[J], 2011, 158(3): 227

[9] Zhang B, Wang X J, Li H et al. Journal of Power Sources[J],
2011, 196(16): 6992

[10] Hong J, Wang F, Wang X et al. Journal of Power Sources[J],
2011, 196(7): 3659

[11] Martha S K, Grinblat J, Haik O et al. Angewandte Chemie
International Edition[J], 2009, 48(45): 8559

[12] Mi C H, Zhang X G, Zhao X et al. Materials Science and
Engineering B[J], 2006, 129(1-3): 8

[13] Jang D, Palanisamy K, Kim Y et al. Journal of Electro-
chemical Science and Technology[J], 2013, 4(3): 102

[14] Lu Lei(ks ), Zhong Weipan(4f4£), Yang Hui(# HE).
Chinese Journal of Inorganic Chemistry(FTEHLIk 22 3R)[],
2012, 27(3): 258

Synthesis and Electrochemical Performance of LiMnPO,/C with Fe lon Dopant

Liu Xuewu, Feng Tiezhu, Wang Xiaojuan, Li Xin
(Dalian University of Technology, Dalian 116012, China)

Abstract: A series of LiFexMn;.xPO./C composite materials was synthesized using a solid-state reaction method, and Fe ion was doped
into crystalline of LiMnPO, for the improvement of electrochemical performance. The phenolic resin was added as the reducing agent and
carbon sources. The effect of Fe-to-Mn ratio, calcination temperature and calcination time on the electrochemical performance was
investigated. Results reveal that LiFe,Mn;4,PO4/C has an order olivine structure and high purity. Samples have the similarly spherical
morphology with particle size of 300~500 nm and uniform distribution. The outcomes of charge-discharge measurement show that the
capacity at the voltage plateaus due to the Fe®*/Fe** and Mn**/Mn?" redox groups increases and decreases, respectively, with Fe content
increasing, and the LiFeqsMnosPO4/C sample calcined at 600 °C for 10 h exhibits higher capacity and better rate-cycling performance,
including the first discharge capacity 147.3 mAh/g at 0.1 C, the discharge capacity of 115.2 mAh/g decreasing to 112.7 mAh/g at 2C as
well as the capacity retention rate 97.8% after 100 cycles and the capacity retention rate 89.6% after 200 cycles at 10 C.

Key words: LiMnPO,/C; solid-state reaction; Fe ion doping; phenolic resin
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