Journal of Electrochemistry

Volume 24 | Issue 3

2018-06-28

Influences of FEC-based Electrolyte on Electrochemical
Performance of High Voltage Cathode Material Li2CoPO4F

Zhi-gang WANG
Wei-min ZHAO
Hong-chun WANG
Min LIN

Zheng-liang GONG
College of Energy . Xiamen University , Xiamen 361005 ., Fujian , China;, zZigong@xmu.edu.cn

Yong YANG

College of Energy . Xiamen University , Xiamen 361005 , Fujian . China;State Key Lab of Physical
Chemistry of Solid Surfaces ., and College of Chemistry & Chemical Engineering . Xiamen University .
Xiamen 367005 . Fujian , China;, yyang@xmu.edu.cn

Recommended Citation

Zhi-gang WANG, Wei-min ZHAO, Hong-chun WANG, Min LIN, Zheng-liang GONG, Yong YANG. Influences of
FEC-based Electrolyte on Electrochemical Performance of High Voltage Cathode Material LioCoPQ4F[J].
Journal of Electrochemistry, 2018 , 24(3): 216-226.

DOI: 10.13208/j.electrochem.170509

Available at: https://jelectrochem.xmu.edu.cn/journal/vol24/iss3/3

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol24
https://jelectrochem.xmu.edu.cn/journal/vol24/iss3
https://jelectrochem.xmu.edu.cn/journal/vol24/iss3/3

H24% 3
2018 4% 6 J1

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol.24 No.3
Jun. 2018

DOI: 10.13208/j.electrochem.170509
Cite this: J. Electrochem. 2018, 24(3): 216-226

Artical ID:1006-3471(2018)03-0216-11

Http://electrochem.xmu.edu.cn

FEC 58 i &5 FE IEAR A4
Li,CoPO,F H{L 351485 4920

IERRER LA K B RER" A

1,2%
3

(1. JE T R5FRER e, # 2 JE 1] 361005,
2. BT Y FIAL 2 R N S, TR F A T b, fRE 1] 361005)

WE ., AW T AR IR ER 2 KT8 FEC (fluoroethylene carbonate) 3 34 71 (4 i, f# 3 %) 25 JF 1E W64 B Li,CoPO,F
AL 24 P B (0 B2 ), 55 B R IR 3L L /% 9 1 mol - L' LiPFg EC/DMC=1:1 (m:m) 1 k£ , 1 mol-L"' LiPF; FEC/DMC=1:1
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S-4800 #1347 K it M F1 4 40 X 25 100 A s
(8 FEL BB Fr DA R s s B e AT T 30 40 A [, A
SR 1 2% [ Physical Electronics 23 7 4 7 ) Quan-
tum 2000 % XPS BEE UG ER 100 J& i Y HL AR 1
AT AR 534 B, 16 T SR AR SR A iR TR
FE S H A FE/NT 108 torr, #EAEIIR N 232 W. %
FHBR B A s R i i S AL A 1Y C1s(284.6 eV)XT
T 25 A BEUEA TR IR, BEAN AR SC T AR IR A
SEM . XPS . XRD i iy HI#& F 1 Ha. it CR 2025
R0 it F )5 0 i 2 A FH DMC b ik 3
e R ERI
1.5 BigitE

FLT 8y R B, R Gaussian 09 k{4, BF
TR 7% B3PWOL, B4 k£ 6-311+G(d, p),
Xf EC 1 FEC #H47BRiE 115
2 HREIHR
2.1 Li,CoPOF By X Hf & it 4t 53 #7

1y [ A4 W Li,CoPOLF #1KHH) XRD i
B, 0] L& B B R Rk 5L AT 8 0 A Sl A
SR oA 22 AT S 0, T A AT S 06 34 T A K O
L5 2 BN Poma.



218 W,

Li,CoPO,F JPCDS 56-1493

Intensity/(a.u.)

L “\l ‘nl “\“n Wty [ “\‘I wnH‘nn |
15 20 25 30 35 40 45 50 55 60 65

2-Theta/degree
Kl 1 Li,CoPO,F #1 %1k K XRD 3 £
Fig. 1 Powder XRD pattern of Li,CoPO,F material. The sta-
ndard lines of Li,CoPO,F (JPCDS 56-1493) is includ-

ed for comparison.
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mS-cm’, 5 SCHRHE 45 FAH AT FEC J H il i 1
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ARG R B AT — S He A s A L AL 22 1 11 (3 ~
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Tab. 1 The ionic conductivities in different electrolytes at

room temperature

Electrolyte ratio

Electrolyte
2:1 1:1 1:2 1:4
Tonic conductivity/(mS-cm™)
FEC/DMC
9.0 10.9 11.2 11.9
EC/DMC / 124 / /

= 2018 4f
0.020F  __ rpopmc=21
— FEC/DMC=1:1
0.016F _— FEc/DMC=12
< —— FEC/DMC=1:4
£ 0012} —ECc/DMC=1:1
5
£ 0.008}
Q
0.004 -
0.000

45 50 55 60 65 7.0 75
Voltage/V

P2 FEAS A A b L Pt oy TAR AR, 14 )8 S X iy
e LA K 2 L o A 1) e P A A AR 22 i 2

Fig. 2 Linear sweep voltammetry (LSV) curves of Pt elec-

trode in different electrolytes using Li metal as the

counter and reference electrodes
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2.3 Li,CoPOJF 7£ FEC E @R P B &

1)FEC J H i v e e i ek

Kl 3 iy Li;CoPO,F 7r A [A] 7% I BC b FEC %k
i T R B B R T e il 2k DA A 3R A il 4L A
0.2C L3 % & T ,Li,CoPO,F 7 A~ [A] i L ) FEC
iR LN NENE Wi G N R R D)
LB R B A a1 R R DL A R
(R 2L, TE 0.2C /N FHE T FEC 19 L il
XF Li,CoPOLF LAk 24Pk BE R mi /08 1 i — 25 b
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§ 5 60F . FEC/DMC=I:1
g + FEC/DMC=1:2
3.5¢ S . FEC/DMC=1:4
| 40}
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Capacity/(mAh-g™) Cycle number

Pl 3 Li,CoPO,F 7 FEC iy fif i b AN [R5 321 1 1 ] SE s i 26 (A, C) FIIG B fE (B, D) FL L
Fig. 3 The initial charge-discharge (A, C) and cycling performance (B, D) curves of Li,CoPO,F in FEC-based electrolytes at dif-

ferent rates

# 2 LiCoPO,F 75 FEC & Hi ff it 9 7 JEL vl bL 2 ik T Jo] P 30038 LA B A i e o6
Tab. 2 The initial discharge capacity, initial coulombic efficiency and capacity retention of Li,CoPO,F in FEC-based electrolytes

2:1 1:1 1:2 1:4
Rate: 0.2C
Initial discharge capacity/(mAh-g") 117.9 115.3 112.7 116.4
Initial coulombic efficiency/% 56.3 54.5 50.4 49.1
Capacity retention/(40th ,%) 80.4 80.1 87.4 77.5
Rate: 1C
Initial discharge capacity/(mAh-g") 101.7 105.3 99.9 103.3
Initial coulombic efficiency/% 69.0 70.1 69.4 68.4
Capacity retention/(100th ,%) 429 52.6 43.4 45.1

4 ) Li,CoPO,F 7 FEC/DMC = 1:1 H fi# AetbEE. AN 4(A) I (C) Fizs , 5555 2 16 55 o £ i
550 TR 1 2k i 7 W (EC/DMC = 1: 1) W Y Ha Ak 2# (EC/DMC = 1:1)#H It , 7 FEC/DMC = 1:1 Hifi# &
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£ Rate:02C | & :
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S 3
0 O 0
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K 4 Li,CoPO,F 7€ FEC/DMC = 1:1 1 EC/DMC = 1:1 1 Fl Ha fiff i AN [R5 35 R 1) & J8) se il s it 28 (AL, C) , T 34 7% 4w (B,

D) LA JFE A 5% (B, F) X L

Fig. 4 Comparisons in the initial charge/discharge (A, C),cycling performance (B, D),and coulombic efficiency (E, F) curves of
Li,CoPO,F in FEC/DMC = 1:1 and EC/DMC = 1:1 electrolytes at different rates
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Fig. 5 dQ/dV curves of Li,CoPO,F at different rates in FEC/DMC=1:1 (A, B) and EC/DMC=1:1 (C, D) electrolytes
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high-frequency semicircles at an enlarged scale.
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Influences of FEC-based Electrolyte on Electrochemical
Performance of High Voltage Cathode Material Li,CoPO,F

WANG Zhi-gang', ZHAO Wei-min', WANG Hong-chun',
LIN Min', GONG Zheng-liang", YANG Yong"*
(1. College of Energy, Xiamen University, Xiamen 361005, Fujian, China; 2. State Key Lab of
Physical Chemistry of Solid Surfaces, and College of Chemistry & Chemical Engineering,
Xiamen University, Xiamen 361005, Fujian, China)

Abstract: The effects of fluoroethylene carbonate (FEC) as co-solvent on electrochemical performance of high voltage cathode
material Li,CoPO,F were investigated. Compared with traditional carbonate based electrolyte (1 mol-L" LiPF, EC/DMC (1:1, m:m),
the FEC/DMC based electrolyte significantly improved the electrochemical performance of Li,CoPO,F. After 100 cycles between 3
V and 5.4 V at 1C rate, the capacity retention of Li,CoPO,F electrode in 1 mol-L"' LiPF, FEC/DMC (1:1, m:m) was 52.6% , while
that in the EC/DMC based electrolyte was only 14.5%. Possible functional mechanisms of FEC improving the electrochemical per-
formance of Li,CoPO,F were studied by LSV, EIS, SEM and XPS measurements. It was shown that compared with the traditional
EC/DMC based electrolyte, the FEC/DMC based electrolyte exhibited higher stability at high voltage, which suppressed the side re-
actions at electrode/electrolyte interface when charged to high voltage, and improved the structure stability of Li,CoPO,F during cy-

cling, thus, significantly enhanced the electrochemical performance of Li,CoPO,F.

Key words: lithium ion battery; high voltage electrolytes; fluoroethylene carbonate; Li,CoPO,F
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