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Fig. 1 Characterization of the LiFePO,/carbon composite: A. SEM image; B. TEM image; C. Typical TEM image for a LiFePO,/

carbon particle containing several primary crystallites; D. Typical TEM image for some LiFePO,/carbon primary particles

(each primary particle includes only one LiFePO, crystallite); E. XRD pattern of the prepared LiFePO,/carbon composite!"”)
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Fig. 2 Discharge profiles (A) and rate performances (B) of the bowl-like LiFePO,/C at various current rates (Inset: 10C for 100

cycles)™
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Fig. 3 A, C. HRTEM images of LFP@C/CNT; B. A schematic illustration of the prepared LFP@C/CNT nanocomposite ; D. The
corresponding FFT for the HRTEM in C; E. The charge/discharge profiles (Inset: Enlarged profiles); F. Cyclic voltammo-

grams for LFP@C/CNT®!
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LFP-C8,R. M 410 Q J/N8] 72 Q, wi ik 5
AT DL 2 S AR S v R TR R
FLRBEREA, WP U LR, EMIIX A,
FT Zeo HERFHR (0 2320 AR,
[ 4B 7% ,LFP-CO,LFP-C4 £ LFP-CS8 i A, 53 %
h 67.13.33.55 F1 31.71, ULHAELE TP HL R Bk
WG K.

Chen % %f It T 4l LiFePO, #i1 LiFePO,/C 1)
bR, 7 02C 4544 T, 4l LiFePO, il HL 25 &>
112 mAh-g',LiFePO,/C L2 0 140 mAh-g'. #£
1C 4, 4l LiFePO, i HL %5 & KA 10 mAh-g?,

1000 A

Equivalent circuit
(o) °

-3

=3

o
1

600

Z (ohm mg)
£
8

Z (ohm mg)

LiFePO,/C Ji{ L %% & &7 120 mAh-g". WF5E £ B | i
X LiFePO, e 78 , I {2 #F £ 25 75 F R A4 L
(R A FI Gt % B 35 B2 LiFePO, 19 HL 25 & Al
ff 2P BRI e Ah A R AR I IR AR E
P X} F LiFePO,/C 5K s b FH J& 1 79 5 2 ). Wang
5 30 o AL B BR B NG 25 P 45 A R O R A T
LiFePO/C & &KL, 10C FHEH 2400 K5, %
AT 92% (153 85 mAh-g"), R T F A%
R R RGP,

T B R M | LiFePO, 1625 S b B E Ve RE %
UL RS 8 k20 1717 B ARG 3 4 BR 1) 449K LiFePO, 1Y
KFASE R . 38 58 4 ik B nT LA 0 b BEL
LiFePO, 4K kL Al 25 1 B B 8 fih | 42 T Ho A2
Fa g PEW. Xia TR 8141 38 1+ #F 3¢ LiFePO, £ /K &
0 P 2 R G, UESE T Rk 6 7 AT AR
LiFePO, 757K 3 H fff W 141 P42 19,

L1 RGN R D7V BRI X LiFePOY/C
A BRI BE 1 52 ).

4 BEERE

FEXF LiFePO, T L RAIK | A5 58 PERE 22 S5 B i,
TS — M R s, AT AR R
T-AE AR AR T A R BE HE R BE E  E
MR AR 2T LiFePO, B AR E k. TRA
W5 LiFePO, S At 76 1) F 18 BT, B 48 S5 DL Ak itk
LA 2 S RCE U 514 LiFePO, 17 1.

T SR FH TR AR T 2 A TR A A ML U
T H R IEX LiFePOy/C &4+ K stk 2F
PERERYSZ M AR 2%, AN R B R A0 52 Ml A — .

700 B

600

LFP-C0, slope=67.13

500

—
f=
E 400 4
£
= LFP-C4, slope=33.55
O 3004y
NG v
N v
200 4 M
y i
100
LFP-C8, slope=31.71
0 T L T T T
0 1 2 3 4

-112
@

4 A BT (RG] 100 kHz ~ 10 mHz) : 46 LiFePO,(LFP-CO) , Bl A 4%k I 4 8 19 LiFePOy/C (LFP-C4) , Il A 8%tk
R4 WU LiFePOy/C (LFP-C8) ;B. FU/R 2 BELHT L M #00& H g
Fig. 4 A Impedance spectra recorded in the frequency range of 100 kHz to 10 mHz of LFP-CO, LFP-C4, and LFP-CS electrodes;

B. linear fitting curves of Warburg impedance!®
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Tab. 1 Effects of the synthesis process and carbon sources on the performance of LiFePO,/C composite material

Thickness Content/%

Preparation method Carbon source Size Electrochemical performance Ref.
/nm (by mass)
. . e 5~ 128 mAh- g at 4C (Initial discharge capacity,
Solid-state reaction  Citric acid 20 pm - - retained 92% after 1000 cycles) [38]
. . L 100~ 149.3 mAh-g' (2C); 130.9 mAh-g' (10C);
Solid-state reaction  Lauric acid 200 nm 2 - 121.7 mAh-g' (20C); 112.4 mAh-g' (30C) [16]
. . 159 mAh-g' (0.02C);
Solid-state reaction  Carbon powder - - 428 145 mAh-g' (0.2C) ( after 40 cycles) [17]
166 mAh-g"' (0.1C); 166.7 mAh-g'(0.2C);
1-gel 2.4~4 1 22
Sol-ge Sucrose 30 nm 0 105.8 mAh-g" (30C); 97.8 mAh-g" (40 C) [22]
Acetylene o . .
Initial discharge capacity of 125.3 (acetylene),
Sol-gel black, sucrose 100 nm 20 133.3 (sucrose), 155.0 (glucose) mAh-g' at 0.1C [34]
and glucose
50~ 166 mAh-g"' (0.1 C, initial discharge capacity);
Sol-gel Citric acid 300 nm 3~5 153 mAh-g' (1 C) with no capacity fade up to [21]
50 cycles
154 mAh-g' (0.2C); 136 mAh-g* 0
Hydrothermal Glucose 1.15pm 4 4.94 >4 m 8 (0.2C); ?6 g (5C) over 9 [23]
cycles with 98% capacity retention
Ethylene 159mAh-g* (0.1C); after 150 cycles;
Solvothermal alycol 5 pm 3 3 120mAh-g' (10C) [24]
Microwave-assisted r . 4
hydrothermal Glucose 220 nm 5~12 5 146 mAh-g"' (0.1C); 95 mAh-g' (10C) [25]
idth
Microwave-assisted Xli‘in Initial discharge capacity of
solvothermal Glucose Leneth 5~12 5 162 mAh-g' (0.1C); 128 mAh-g'(5C); [25]
£ 105 mAh-g" (10C)
10 nm
. 15 140 mAh-g' (15wt% carbon);
Spray pyrolysis Sucrose ” ; 20 125 mAh-g" (20wt% carbon) [26]
e cier o .
Ball-milling a551.st Starch 100 nm 3 24 123 mAh-g' at 10C (no capacity loss after 100 [28]
ed spray pyrolysis cycles)
Microwave-assisted 20~ 156.9 mAh -g' at 0.1C; 126.7 mAh -g' at 1C;
spray pyrolysis P123 30 nm 3 32 95.9 mAh-g'at 5C [29]
Melt casting Sucrose 2 pm - 3 130.3 mAh-g'at 0.1C (Initial discharge capacity) [32]

FRE L AR T ZEEARR, T8 LiFePO/C &
B AR AL A R RE Y R R TR AL | R S
JE 1 LiFePO,/C Xt F 52 bR FH 2 43 Y. A4
FEAERE R S B, v] DAGE 3 S TR 45 4 4 ) R
B G0 K A I TR A5
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Research Progress in Carbon Coating on
LiFePO, Cathode Materials for Lithium Ion Batteries

ZHANG Ning, LIU Yong-chang, CHEN Cheng-cheng, ZHU Zhi-qiang,
TAO Zhan-liang, CHEN Jun®
(Key Laboratory of Advanced Energy Materials Chemistry (Ministry of Education),

Collaborative Innovation Center of Chemical Science and Engineering, College of Chemistry,
Nankar University, Tianjin 300071, China)

Abstract: Olivine-structured LiFePO, has been received much attention, because of its flat voltage profile, low cost, abundant
material supply and better environmental compatibility. However, the poor electronic and ionic conductivities have limited its appli-
cation in industry. One of the best methods to improve the electrochemical performance is carbon coating. In this review, we sum-
marize the recent developments of LiFePO,/C cathode. Moreover, the different effects caused by coating methods, as well as carbon

sources, and the mechanism of carbon coating on the properties of LiFePO,/C are reviewed.

Key words: LiFePO,; carbon coating; cathode; lithium ion batteries
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