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1.1 BREREE&E

5 # £h & LiPF, (Stella Chemical, Osaka
Japanese) , LIt 4% H 5 2, 3L R 19 (EMC) (Bl T2 £
JER(EC) JBiHR — FF S (DMOC) Y 71 24 ZAB R 4550
TR SR A (A B 3 E=99.95%) (T
AHE TS A H AR B HE GC-14C). H ff 0 BE 1 & H
b 2k P VA9 7 7008 e A U AR (W o<1x
10°) 3547, LiPFs #¢ B 2h 1 mol - L. HLA# IR /K FIFR
(HF) & &K F 20x10°, 43 5| ] Karl Fisher 7K 43
I A% KF831 (Fii 1= J7 38 ) F Karl Fishe HL v i% &
4% 798 GPT Titrino (Fi - J7 38 )il 2 . 4 F e A 4
F0 4% A W] 1 BT 12 TC 1 43 i AR s o« e BC:EMC:
DMC=1:1:1; b,. EC:EMC:DMC:EP=1:1:1:1; b,. EC:
EMC:DMC:EP=1:1:1:2; b;. EC:EMC:DMC:EP=1:1:
1:3.
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Fig. 1 The first charge-discharge curves of LiFePO, using
different electrolytes
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Fig. 2 Cyclic voltammograms of LiFePO, electrode with
different electrolytes
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Tab.1 First charge-discharge capacities of Li/LiFePO, cell using different electrolytes

Electrolyte First charge capacity/(mAh-g™) First discharge capacity/(mAh-g™) Efficiency/%
a 142.2 126.1 88.7
b, 144.2 130.1 90.2
b, 145.6 131.6 90.4
b, 146.7 133.3 90.9
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Fig. 3 The EIS of LiFePO, electrode with different elec-

trolytes
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Fig. 4 Charge-discharge curves of graphite electrode using
different electrolytes
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Tab. 2 The first charge-discharge capacities of Li/graphite using different electrolytes
Electrolyte First charge capacity/(mAh-g™") First discharge capacity/(mAh-g™") Efficiency/%
a 343.3 304.1 88.6
b, 344.1 310.4 90.2
b, 345.8 3159 91.4
b; 346.8 318.3 91.8
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Fig. 5 Cyclic voltammograms of graphite electrode with different electrolytes

A. Electrolyte a; B. Electrolyte b
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Fig. 6 Cycle performance of lithium ion batteries with different electrolytes at room temperature

A. Electrolyte a; B. Electrolyte b,; C. Electrolyte b,; D. Electrolyte b,
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Tab. 3 Cycle performance of lithium ion batteries using different electrolytes

Capacity retention/%

Electrolyte
50 cycles 100 cycles 200 cycles 300 cycles 400 cycles 500 cycles
a 94.2 91.4 87.6 86.0 84.6 83.3
b, 94.0 91.9 88.9 86.8 85.2 83.7
b, 94.2 92.1 89.3 86.8 84.8 81.3
b, 93.9 91.8 88.7 86.9 85.4 84.0

G A A AL R S T T LR R B R Y
B SR Al i i LT B SR R S IR
EIBUPNG R 2N
24 AEREFERIESTRBKEMEERE
)RR A
P 8 S 4 ol e fif 0 F) B g 1 i e AR FL

2. W 8 T LIF H, = IR a 7EE IR 10
°C,-10 °C,-20 °C,-30 °C Fil -40 °C FHES 7 e il
L, 255 209 398.8, 295.2, 2571, 180.7. 90.8 I
30.8 mAh, #EFHLIBTE -20°C f1-30°C FiHA
O ,-40 °C L ANBERCH. ¥ EP 1)
Y 7 R i YR 1) R 5 P it IR PR B U A 3 ek



<042 . W, 1%, r_?_“ 2013 4F

>
> =]
& 5

0 100 200 300 400 500 0 100 200 300 400 500

Capacity/mAh Capacity/mAh

2 2
[ g

0 100 200 300 400 500 0 100 200 300 400 500

Capacity/mAh Capacity/mAh
7 Ta] A s 1 it = IR A R M e

A. W a; B. HUBIE by; C. HUAF by; D. LR b,

Fig. 7 Rate performance of lithium ion batteries with different electrolytes at room temperature

A. Electrolyte a; B. Electrolyte b,; C. Electrolyte b,; D. Electrolyte b,
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Tab. 4 Rate performance of lithium ion batteries with different electrolytes at room temperature

Rate performance/%

Electrolyte
1C/0.2C 1C/0.5C 2C/1C 3C/1C 5C/1C
a 95.4 97.2 92.3 89.6 88.8
b, 95.4 96.6 91.5 89.7 88.4
b, 96.0 97.0 92.6 89.7 89.0
b, 96.7 97.7 95.3 93.8 93.1

¥, R b FEE I ~-40 °C FHLMU BB
YK 4028, 310.8, 285.6. 223.0. 175.1 1 141.8
mAh; HLE b, 7EE I ~ -40 °C T HLth i R A i
WYUK 399.7 . 323.4,298.0.233.2, 182.8 Fil 148.86
mAh; LR by ZEZ IR ~ -40 °C T HL M0 45
B4 396.9. 329.1, 300.2, 234.3, 184.0 il 149.3
mAh.
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BT IR AR A R A (DL 25 °C i A
S FEAE). WNEL 9 TR AT IR 1, " T -10 °C B, 4 Ff
FL AT A S F B R B T Sk e, AR 2
wITE 64% UL I TR R -20 °C, — L HL i I (a)
) FL T R X 25 A 45.3%, 1117 DU T HEL AR by ~ by 82
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Fig. 8 Discharge curves of lithium ion batteries with different electrolytes at various temperatures

A. Electrolyte a; B. Electrolyte b;; C. Electrolyte b,; D. Electrolyte b,
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Fig. 9 Relative capacity of lithium ion batteries with dif-

ferent electrolytes at various temperatures
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Tab. 5 Middle discharge voltage of lithium ion batteries with different electrolytes at various temperatures

Middle discharge voltage/V

Electrolyte
25°C 10 °C -10°C -20°C -30°C -40°C
a 3.2 3.1 2.5 22 -
b, 3.2 3.1 2.8 2.5 24
b, 3.2 3.1 2.8 2.6 24
b, 3.2 3.1 2.8 2.6 2.5

°C, HLfRR a FLML L NREC 1T by ~ by 1Y HEL LT
L HP A L ok 2.4 2.4 F1 2.5 V.

ALK, DUTCHLAER by ~ by B HE LB RS
I R T =0 LR a AR SE R L DUCH
i AR L b AT TR 2 AR T B e —

34 i

TERK IR R H s Ine MR TR EP 19 LAl 5
LiFePO, 1E AR A4 LR T i A7 88 A R 5 R 4 3
k. ININ—E i EP, AR IR IR ROk o
FITHE PR, 3% LiFePO, £ 5 T-HL b /)
IR PERE. LA 1 mol-L" LiPF/(EC:EMC:DMC:EP =
1:1:1:3, by mass)H fift W 1) 41 25/LiFePO, £ 2 - Hi, il
1£ 10 °C(1C) ., -10°C(0.2C) . 20 °C(0.2C) . -30 °C
(0.2C)F1 -40 °C(0.2C) F HYAHXT L 25 8 (LA 25 °C
R A O BEEA ) 43 R 82.9% | 75.6%
59.0% ., 46.4%F 37.6%.
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Effect of Ethyl Propionate on Low-Temperature Performance of
LiFePO,Based Li-Ion Battery

LI Xiao-ping'*, HAO Lian-sheng', LI Wei-shan", XU Meng-qing', XING Li-dan'
(1. School of Chemistry and Environment, South China Normal University, Guangdong, Guangzhou 510006, China;
2. Mcnair New Power Co., Lid, Guangdong, Dongguan 523800, China)

Abstract: A linear carboxylic, ester ethyl propionate (EP), was used as the co-solvent of carbonates, ethylene carbonate (EC),
ethyl-methyl carbonate (EMC) and dimethyl carbonate (DMC), and its effect on low-temperature performance of LiFePO,-based
Li-ion battery was studied by cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and galvanostatic
charge-discharge test. The application of EP enhances the ionic conductivity of the electrolyte, improves the compatibility of the
electrolyte with both LiFePO, and graphite materials, and thus improves the low-temperature performance of LiFePO,-based Li-ion
battery. The Li-ion battery using the optimized electrolyte of 1 mol -L"' LiPF/EC:EMC:DMC:EP (1:1:1:3) shows the capacity
retention of 82.9%, 75.6%, 59.0%, 46.4%, and 37.6% of discharge capacity at room temperature when discharged at 10 °C (1C), -10
°C (0.2C), -20 °C (0.2C), -30 °C (0.2C), and -40 °C (0.2C), respectively.
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