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1.1 MRS

K% A S A JERE,  FH E R E I B
Hummers 757l %15 8] 1 244 S50 AR ) %
WA R : 96 mL ¥k HoSO, AN 2 g i A58 F1 2 g
THEREN . TEVK/KIR A0 O, K FR IR AWk 14
P 10 min, R A. BE, B 12 ¢ MR RS
g ABREW A, FHAE 0 CFIELHHE 90 min,
B, IREWWONAE] 35 °C, FFERFFLEREE 2 h,
ZJa, ¥ 80 mL LB F/KZWFRMABIRA M. 4k
NN 200 mL H,O A1 10 mL H,0,, fixa b B
BEATIENT, pH EA N, JEosisl L8k E. |
=B SO EE, ERREATTE, REHE
BT BA R 8ok S A S0 B

LFP/G & & MR 1 71 #2515 2« el b,
¥ LiOH-H,O. H;PO, 1 FeSO4 7H,O 14 JEE /K LKy
3:1:1 FHPEREMEL, o ZREg IR RER. B, #
0.98 g 18 M 218 M A %] 40 mL(0.25 mol/L) ¥
FeSO, TH,O M1 4 IEE W B, 1EREITTREE T, TERCN
WAV IR, ¥ 0.157 g S840 A S0 M A
0.5 g SEEMANBREW S, FN, ¥ 40 mL
LiOH H,0 & ZF#IR-A K (0.75 mol/L)IAF| FikikR
B, TR O RIF R IR 1 h )5,
SRS AL R 100 mL R ROE N AT AR AW
RS, TR KA T IN#E] 180 CHLREKF 10 h,
ZJa, HARRHEER, IR RS OTTEFTI
IR LB FRANERE B =Xl . Ba, WK
SHEPTETE 650 C FIRE(Ar 5 Hy AL 95:5)
{93 P HLEHE 10 h 133 LFP/G & & IEAA KL . [
SR F AR [E) 2 A0 i 45 B JC A SRV I ) LiFePOg FF i
FAAE RN EERE o

1.2 HREEMRIE

JIT il 2 K b (R D AR 2546 23 R R R XRD 3%
(Rigaku Rint=2000, Japan)KEAE, FERH Cu K, FF
LR (A=1.5418 A), FHEVEHTA 10°~80°, FHH1H
N5 (°)/mine A b A FEATE SN 5 7 2 Bhm i A
F B4 (SEM, Nova NanoSEM—230) K #E4T R AL

1.3 BLFMHEEMK
P RF B ERL A 27 1 B I T 2 R A 0 2 H i
(CR2025)K AT . HEMA R &t FE E BN

¥ 80%(Jit &7 HO IS TEM L. 10%[¥) PVDF i
AT 10%01) 5 F 77 (Super P ik 28) 5 %77 NMP — iR &
TE R, K R RHR B B EE T LR A B AR 1
120 C, 4 h #FFE:E AT HEFR B NMP ¥ 51, 15 2 K.
KRB R BN 14 mm B/NE AR TAE Bk
R A, A i B AN e PR3 VDR R T BE AR B 1.2
mg/em’. 4@ H AR X AR AN S LA, 2L
SR A FAAE BRI . R A 1 mol/L 1) LiPFe V& i
EC.DMC 1 EMC(EC.DMC Fl EMC FAFR EE M 1:1:1)
(IR TR BN AR . FITA B Hth H RS AR R I 7R
A Ar SHEHFEFO R/ 1X107 A H,0 3K
FEANT 1 X107k,

P 7 B S R R T EL R AR JEOR I R 5t
(NEWWARE BTS-5V5mA, China), 7F HiJ% 5 [ 2.5~4.2
V(vs Li/Li") T2 F 7. B ST R A E 2R
fRozz Wk R A O fk % T fF 35 (CHI660D, CH
Instruments, USA)#EAT . 753 R %2 i e 76 FB R VG
2.5~4.2 V NHHT, BHALZEFHPTHELE 0.01~100 kHz A%
JEEN, R 5 mV BIRIEET.

2 HRSIE

1 BT 43 3 il 4% 1) LiFePO, 11 LFP/G ) XRD
o BHE 1 RTRAEH, PIEFEMT XRD 75 I 1 E
75 LiFePO, #r#EIEA7(JCPDS File No.40—1499)4{—
B, WARGERET Pnma (7S, SR T Bl &15
FIFIFESCA LiFePOso J34b, EILAFAIRT LG f5 A I,
LFP/G 5 AR AT S 0 (1) 568 BE 6 o5 A 28005 TN &2 1)
BB . R, LEP/G AR 5t i e 1) 2 06
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Fig.1 XRD patterns of LFP/G composite and LiFePO,
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WELLL LiFePO, WEZLK, MULnI AN, ISR,
AR E SRR LiFePO, fARMURL LE LiFePO, F i
HHORL RS BN A, LFP/G A MR H
BRSO TA BN RS, M
Fb T LiFePO, AT FARIE 5 (1) AT S U

Bl 2 s il N A A 580 . LiFePO,. LFP/G B
ARG SEM 1% . 11 2(a) T LSS, R~F AT 20 pm

B2 SEAbfEH. LiFePO, A LFP/G & EHK SEM 1%

Fig. 2 SEM images of graphene oxide(a), LiFePO4(b) and
LFP/G composite(c)

AR B AN A B EA g oIRGB
20)FTLUE H, WARIA S LiFePO, kL 2 I
H TR ZEMIES, BURUR SN 3.5~5.5 um. SR,
A SEIEF APS ISR T LiFePO, FITHMLE,
Ko B 2(c)rT %1, LFP/G HAMEH K LiFePO, Ml
W IR TGS, X R AR B R AT SRR
N 55 nm IGKE FHES AR . HAh, K R
A SEIARK 38 S M oy BEE RN B LiFePO, 1, Hi
YK LRI 2% LiFePO, B A MR 451
(T BT AVAAR T4 5847 F0 APS (W [FIAE A

3 fi7~ A LiFePO, # LEP/G & &4 BHE 2.5~4.2
V FHEVEHENLE 0.1C 53 T 7 i th 26 & . i K
3 A LATERMIHLE i, LFP/G B A M RHE R H EiE 153.2
mA-h/g PR L i, ik B LA 11 90%.
Lb[FErS, LiFePO, BIFBUE AR 123.6 mA-h/g.
534k, LiFePO4 1 LFP/G H-& IEMRAEHE 3.4 V I J
T AHEEYE. ATLIERERILS], LFP/G E&1E
WIS & G LiFePO, LR FEEKREZ, R
T SRAE AL ), XL E] S DR SR R P [ 4
RN, TEHAGEE LiFePO, BUAE 5B FE R, 2L
S TR R AR L T, NI R T AR 7
SR, BRI . LFP/G B4 IERAMEHT
AL 3 FHEEDZIN 38.1 mV, /T LiFePO,
it 342 85.2 mV), #E—PHiiA, LFP/G & IEK
M BHE 78 AR A BRI AL .

4.5

— LFP

Voltage (vs Li*/Li)/V

0 40 80 120 160
Capacity/(mA+h-g™)

B3 LiFePO, 5 LFP/G E M BHME 0.1C 3 FAYH IXFE

L T 24 1] (Al P O 75 T XA TR )

Fig. 3 Charge/discharge profiles of LiFePO, and LFP/G at

0.1C in the first cycle (Inset is magnified rectangular area)
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H1123.6 mA-h/g. RJ5, BEAEREHRAE 0.1C~10C JEHE A
AN, PR LS BT . AR R
N 0.5C. 1C. 5C Al 10C (W%, LFP/G B & IEHA
By 9B 152.4, 1383, 110.8 A1 85.9 mA-h/g il H
Eb#5 &, ZR1M, LiFePO, 737 R 103.5. 93.1. 67.5
F156.3 mA-h/g. 4T LiFePO,, fEHE 5% F, LFP/G
HETERARR I T AP A e RE, [F, 8
5 HRTRIE A LiFePO, #4 R L1,
LFP/G LI tH AR 2V e, XSS RRE A S M
AR H Be A B T3 T+ s A A 28 P R
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Fig. 4 Electrochemical cyclic performance of pure LFP and

LFP/G composite at different C rates

NT 587K LiFePO, M1 LFP/G & & IEAA K
(AL 2 S R R, PR RARL 3 AT T IEERR %2
5001 . B 5 B A LiFePO, Ml LFP/G 54 IEM 44
BHE 0.1 mV/s BTS2 T RIE Rz th & Bl A
i 28 JE 7R 1 WSk I AR AT BE AR Xof T B A Fe®'/Fe )
W JR/EM L. LiFePO, IERRAT R AL IE IR R AL 7y
WAL T 3.647 V F13.223 V, LFP/G & & IEMM BHIE
PRI S B 23 4T 3.580 VA1 3.306 V. LiFePO, 5
LFP/G 52 & IEAA B} A S8 A3 J5 e 22 T 110 FL AV 1] o 73
HM 0.424 V F10.274 V, UHATE Li' ik 5N 2
W, LFP/G HIMRRIH AR AL, X578 /s st
(P BT (1) &5 S AH — 2. b4, 5 LiFePO, AH L, LFP/G
TEAR IR FE AR TR BE R, IX R B BT SR I A R
BT AT ME S, LFP/G E & ik B4 i
L LA (Li BR e)fEfin A

HLAL 2= B BT 33— 20 ISR 9T LiFePO, A1 LFP/G
A TERAT R B A GG PERE I S5 A N . B 6(a) BT
4 LiFePO, 1 LFP/G & IEMAT RIS T FH P ]

3306V

Current/10™* A

5| == LFpP
== | FP/G
-3} 3.580V
2:5 3.0 3.5 4.0
Potential (vs Li*/Li)/V

5 LiFePO, 1 LFP/G 5 & IEMMT R RITRFE (R 22 it £ 5]
Fig. 5 Cyclic voltammetry curves of pure LiFePO, and
LFP/G composite
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Fig. 6 EIS of pure LiFePO, and LFP/G cathode materials(a)
(Inset is equivalent circuit fitting recorded impedance spectra)
and linear fitting of Z' versus @ " for pure LFP and LFP/G
electrodes(b)
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W EE I X A — AN R R AR R X A — AN
ARSI AT — SRR 4y . SUbAIT, R0 e B pl
FARAUA BT 2 () AL 2= BE BT (L 6(a)). 1)
R & HLMR S PR )RR B FELBEL s R, 2 FELA 5 FELAAE VA
TR AT A B FELREL s W AR T 7 i il ) 540 HL B
FEPEE THREMEE 7Y H: Cop AKX THA)Z
A, & 1 FFINE 6(a) T SR ESE Y LiFePO, F
LFP/G E & IERM B G S5 FIRy, Li 7Em A
R ROyl (D) #ATHHEAR R, T EAA
FIEER IR 1 .

RT

D =0.5(——— 1
Li (AFZO'WCLi) ( )
s RABERAMBER: TRIEE: 4 & BRI EA
HIRT AN FoRiRR B WG Cu R TR,
ow & T RBS Q)T Z'

Z'=R,+ Ry +oyo ? )

s R A Ry R~ EPHRTCRMZN J1 B o AR
AR ow RARBUX AT I (0 )M T Z' 1)
. HE 6N, Z AN T o 7 RHEMA T
AR, FHH R ow) W Ul HH AR E].

%= 1 LiFePO, il LFP/G B & IEMAM RIS 73 #2350

Table 1 Diffusion coefficients of lithium irons in LiFePO,

and LFP/G electrodes

Sample RJQ R/Q ow  Dp/(em*s™)
LFP 1.16X107 4297 16023 551x107Y
LFP/G  223X107° 1453 51.46  5.65X107'%

Z3d 15, LiFePO, Al LFP/G & & IEARF R4
BT B AR M 5.51X10 P H15.65X 10" cm¥s.
B F1E LFP/G & IEWAMERY R EOE 10 5T
LiFePO, HIH HURE . T S 1 H B0 f Ak 2
REf 3G 58 R ZR T8 8 S Ty R R, BRI
gk G IE BRI R RS, BRI,
R IZ/NT Ry IXFEMARE IERA B ERIBHTZ Reo
LiFePO, PHAH Ry #& 429.7 Q, XFT LFP/G H & 1EMH#H1
BHE R AN 1453 Qo R, HARA RS R AERE 1Y
58 P 2 B T A 1) LT A LR

3 Zhip

1) BHERELEHE LFP/G B4 IERMRhEE —

W RIPGER R E] . WK RS K/ LiFePO, itk
HI~F 35 SR L2955 nm 0K R L. il 4% 1)
LFP/G E-&MEH T8 8 1 H i IEARIN, 7E 0.1C f5 %
NAJLER, LFP/G RILH EIA 153.2 mA-h/g (IH)I6
Al A, T LiFePO, IEARARHY . 2478k
A EIL 10C I, LFP/G IERA BHEILH T 85.9 mA-h/g
ML &L, JRoR T 3G 5R A AL = A 2 P R

2) LFP/G 54 IERRA R S 35 38 5 1 R A7 fis M e
ATV R T A S 4 T r ) 2 Ak et A ) L S
FIAEES I3 BUE R LU LiFePO, 49K Fr 4 J6 148
TYHERE, W9 TR PO AR ) .
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Preparation and enhanced electrochemical performance of
LiFePQO, nanoflakes directed by graphene through one-pot
solvothermal reaction

ZENG Tao', AN Chang-sheng', YI Xu?, HE Wen-jie', DAI Qiong-yu', ZHANG Bao'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Aiming at the intrinsic shortcomings of LiFePQO,, a spindle-like LiFePO,/graphene (LFP/G) composite cathode
material was conveniently prepared by a one-step solvothermal method using graphene as a template. The as-obtained
material was characterized by XRD, SEM and other methods. The results show that the micron-sized spindle-like
LiFePQ, particles are stacked by nano-sheets with average thickness of about 55 nm. Electrochemical performance study
results show that the LFP/G composite cathode material exhibits an initial reversible specific capacity of 153.2 mA-h/g at
0.1C rate, which is higher than that of LiFePO, under the same conditions; when charged and discharged at 10C rate,
LFP/G exhibits a reversible specific capacity of up to 85.9 mA-h/g, which is much higher than that of LiFePO, (56.3
mA-h/g), exhibiting significantly enhanced electrochemical rate performance.
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