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Comparison on Properties of Lithium Iron Phosphate/Graphene
Composite Prepared by Two Methods
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Abstract: Using FeSO,-7H,0, NH,H,PO,, H,0,, Li,COs, CH;,06 and GO as raw materials, LiFePO,/C/G-2 com-
posite cathode material prepared by mixing FePO,-2H,0 , Li,CO;and GO and LiFePO,/C/G-1 by mixing FePO,-
2H,0/GO and Li,CO; were compared. Crystal structure, morphology and electrochemical performance of the two
samples were investigated by X-ray diffraction(XRD), scanning electron microscope(SEM), Transmission Electron
Microscope (TEM),electrochemical impedance spectroscopy (EIS) test and charge-discharge test. LiFePO,/C/G-1
showed better electrochemical performances compared to LiFePO,/C/G-2. When the chemical synthesis method
product (LiFePO/C/G-1) was charged-discharged in 2.5~4.1 V, the initial discharge capacity was 158.15 and
150.5 mAh-g™ at 0.1C and 1C rate, respectively. After cycling for 500 times at 1C rate , the retention of dis-
charge capacity was 98.3%.

Key words: composite cathode material; lithium iron phosphate; graphene; electrochemical performance

THCRE 7 285 K B4 TR K L (LiF e PO ) PR L SR SFe U3
Sz RRARRE PR AU BE LA i (170 mAh-
o), FARE S R RO B0 1 i U A i 2 A SR R A
TR RS U E AR R — (L H A A
RZ5H | LiFePO, B A RAKAY HL - HL 5 3000 Litd K
FEFECL KRR BCRERE 2 WA E Tz

ks B9 .2015-01-25, Wi ks H 41 :2015-04-28.

WA A ?f.@ﬂ%%ﬁ(No,ZOl5]]3152)’%?%@? H,

“3# K FR A, E-mail : dukeben76@yahoo.com.cn

. HAETSGE LiFePO, 5 HPE W57 32 2248 vh 76 ik
WESSEEFBAWA T, HrhikEE s
LiFePO, HLVERE B WA T ATy —Fh o=, A28
I 7E LA sp? A% 7 42 1 il S HE LT B LA SRR
YR 9 53 MR AR AR S5 A 1 — FRT AL B AR, B R
) L 15 B R (2% 105 em?- V-7 IHITAR R A 35



1154 Jd Hl fk

%31 4%

#o% 4R

FE R MR (2.63x10° m?- g2, H il A1 58 4 27 W 2 2k
PR SCHR L2, (H 2 ROHE 43 8 2 e B IR 4 1 2
A i TR A B A B R AR IO X RE TS I PR IE
A1 SR AL Y e R X AR R A B A B TR
AR SCLE T SR A i TRk ) T A B DL AR A AR R IR
W, R JHWRAR T VE VA4 BRI 1k M 3 72 A A BB I 3%
i, 73 5] FePO,-2H,0/GO & & Hi Y814 | J5 75 b 4 it
T o TE G TSI A R KB AR R A M
BE, DT IR B A SRR 1 B R B — R Hh —
UL Z B A G X B Al ol Rk A TR R o
AL E A SRR TR R IR B A SR I S MR
AT BE XA SCRTAF AT 1 2B 45

1 SLIgERs

11 SHAEHHNHE

K I BGH 9 Hummers® 77 7 il & A A0 3206 (R
SCRIFR GO) A 3 g £ 85(99% , WA T & ik A
BABRAFNH 1.5 o TR (98% , K EVL KAk T4
R TN EE A E T ook BEFE T A 69
mL WG R (98% , W B 1 FHEILAS Ak T4 FRA D,
o ZIWEEINA 9 ¢ SRR (AR, bV AL
TR B w45 50 T EE N 2k 10 ¢ B I
N —B ], SRS B E T 35 CHYfEIR K T
RSN 30 min, HFZEIENA 46 mL £ & FK 5
il S N7 R e B AN 8 3 100 °C, IR S2 98 FE 30 min
&, HEEFACHK RO R B2 960 mL J5 A
10 mL Y& 4 309% 1 BUEK () ZR T M 3 5 4k TR}
HA R A, BT VL8 S G 8 B HGE R It
FHVE R 5% M+ R (AR, 151 /8 48 bk I T Ak 2 Tl A
T ) 8 VRN 2 25— /K U 4 B D 22 i VA v I TR AR
B R 1k e K BB DR E T 60 CCHYELAS THRAR
F5 T RN AS B S A A B0
1.2 SUAEHERCEEEHRKRGKE

Se R AR DLTE 12561 2 AT 3R FePO,-2H,0 4%
0.15molFeS04 - TH,0(98.5% , il At ik 3 1F i 193 A7 PR
2N F)) A 0.15 mol NH,H,PO,(99% , # 4k | DU Fil 4k
TATBRAFEN) T T 0.5 L X SR, 1 Fe i
WA 20 mL H)0,, {113 Fe*—Fe* | J5 764 1 5%
PER, SR IF GRS 19 o i W [ B 22 22 A d H
B 3 A 7K B (HH-S2 A VL J5 4x 34T K i F
SARAES T RN B A 60 °C, FHZ7K (30% , 1#]
P 50 R WD) IR 1 W pH=2.1, ¥ 2 h J&
R AL, KRG R YRR, WEUEE T

105 CH AT HH (DZF-6021 % 1 ifg —fa B4 A R
2y EN)FHET 10 b, 7533 FePO,-2H,0.,

W) W i Z g =1:1.01 FRHL FePO, -
2H,0( A i) F1 Li,CO5(AR, P 1] 5 b #EL A BR 2\ 7))
$45 0.1 mol LiFePO, A 2.5 ¢ Jo/K#i % B (AR , i)
KB TAPEHA BRZA WAL 0.1 ¢ GO(H T
HCERMARTER, E R, A BN S S
0.25% , LA SR A T, 78 QM AUE B R IEHL(ND6-
2L A VLR it R AR ) H L 220 remint #E4T
BRES 4 h(BEREHE 10:1), 3k 60 CFHET 5, 76 Ar-
Hy(V 1V, =95:5) R A U THELE] 650 C, il 6 h,
it v 0 2 2 L T A R R R R AR AR AR S
Hidk LFP/C/G-2,

1.3 SUAEHEMEEEHREBREE

26 2R ORI 0 125 76 17 9K A 0% 1] 25 aok 2 v e
FePO, W& TE A S8 00 R T . 42 RS H 1.2 il 4
FePO, 2058 F 0.15 ¢ GO(H HhMA Fe i,
HEFE M6 b, JE R I okl Ty ks 9 i
AW BN, P89 pH=2.1, I 2 h J5 15 5
FePO,-2H,0/GO,

AE SR R B R BR B S R S S 1.2 — A
(FEBR S 1 A2 PRI GO, 33 R i 5 12 22 £ 1 A
BB, A SO HGE N LFP/C/G-1,

1.4 HitkERESEEEERT

FEIEHEY T SR R 25 750 5 i TR £ M e o
b 8:1:1 FE4riR A, LA N-FH JE-2- nH i I Ay oK 435 57
BCRCEDIRY, WA T R 1,120 CHEE T4
6 h, A5 MRS B AN 11 mm W IEMN R 76 F0 1
AR TEH T, LIEMEY O B, 48 8 R 1
e, 1 mol - L~ LiPFe 3 TR B By 1:1:1 B9 EC+
DMC+EMC i HLfi# ¥, Celgard2400 2 fL 5 N 4 5
B IS, 2H %€ CR2025 BAn=UHit >k FH LAND H s
ARG (BTS-51, IS 4B A PR 7)) % fr 4
W AT T R BRI SRR R R 4.1 VK
HZEHER 2.5V,

1.5 MRS TS RIE

M Rigaku D/max 2550VB+18KW #% I8 X 5 £k
TG (H AR Rigaku 24 B HEAT & AR 2544 5347
Cu Ka,40 kV,300mA , {44/ & 20 b 10°~80°, H
JSM-5600LV A 494 v+ i il 45 (H 4< JEOL 22 wl) Al
TecnaiG12 A 3% i fL - W 33358 (35 18 FEL 28w )W %€
FEROITE SR, A 52 B b L & 2 000 5 2R
JF W W53 GG BE Y s Fe B dit 0 2 SR AL 27 1% o



%6 MM

WY [ S 45 TR 75 15 1 i B B R K L/ BRSO 5 BB B PE RE T HE 1155

P A I SR T He Ak B R T HW2000
FYLT AN AR 53 BT AL A HE A7 00 2

2 HBR5WiR

2.1 HEAYIEERE

B 1 AT RUE R GO TEZY 2 10.6°M 3
PR 5 AT 5 U | J T AR Ak A A (00 1) 1T A A7 S5 1)
£ B 9K f& FePO,-2H,0 Ml FePO,-2H,0/GO £ i 11
XRD Bl el LUE Y AL S 3475 19,1080 20.20H 3L
TS 06 IR AR B | 9 BE B | 5 FePO, - 2H,0 1R
HEE (JCPDS 76-0451)AHW) 4, i 7E FePO,-2H,0/GO
A MOEHE XRD Bl If ok kK A H AL A 8 (20=
10.6°) Y FRFIEIEAAAE | R WD 5t JZOIR A AL A S5 A
JEARFE AT IR AR A SR ZE A B 1 LFP/C/G-1
1 LFP/C/G-2 # %t 7 XRD &l I X [t LiFePO, 9
JCPDS R A (Card No.40-1499) 1] 1 4 J 3%
Fobh e 1) EL AT S8 B (MO Ay 2540, R Sl A A S 0 22
BT JO W] 4 ST B | A5 AT S W B S
P o P — 50, 3R WD T i A R AR 5 4 s R i Ay SR
FRG 31 AT B AE LiFePO, 5 — 1) HE A7 7Y i {4 45
.,

P 2a o S8 A A S8 LR K I I 4 7R R B

_JJJJMUMW

l L' LFP/C/G-2
W I U TV W WYV
| o FePO,2H,0/GO

A FePO,2H,0

GO

10 20 30 40 50 e 70 80
20/(°)
B 1 A XRD
Fig.1 XRD patterns of materials
) TEM 8 R DI a] DUULEE 51 LA 37 8 ks 4408
S E A BRI AT S 0 G RN RE S TR AT
DIAE LR RS R A RENEE N 1.3
nm!" PSR RES TLT 3 B n] DU R 2
Afba £, B 2b A GO-FePO,-2H,0 /¥ SEM
AT R FVROAE DOVE 25 1 48 1) FePO,+ 2H,0/GO
MORHEA RAF 0 2 B | B 2b i i R] D AR 5
I (57 3k PP 7R ) 35 78 FePO,-2H,0 KL ¥ 2 I, —J7 ifi
W SBE G 22 m iR Re T R R R K, S —

(a) SEM of GO, (b) SEM of FePO,-2H,0/GO, (c) TEM of LFP/C/G-2, (d) TEM of LFP/C/G-1

K2 GO FePO,-2H,0/GO 1 SEM #I LFP/C/G-1 LFP/C/G-2 ¥ TEM
Fig.2 SEM photographs of GO and FePO,-2H,0/GO, TEM photographs of LFP/C/G-1 and LFP/C/G-2



1156 Jd Hl fk

S BN RAE AP FePO,-2H0 TR ILiEH: . B 2¢ N
A JFA AL 7 T A R 2R AR TEM &, BT AT LA G
B B | SO SRS B A B (8 Sk T
)AL 2 55 0T AR RLAR 29 R 100~200 nm fY 2
BRIE LiFePO, BRI, F B T 32 ARZS #4115 HL 1
2% W 2d Ry R AL A IR B TEM &1, A& A)
VL 2D — 00 A 280 (A7 Sk BT ) 3 50 i L 2 7
LiFePO, i £ 1 | LiFePO, Fi 1% 3% 2, 7l LA
fiff F - A% 3 T R ad AT IR 2¢, 7T LA R
A7 AL 7 i A5 Wl TR R A T A 0 4 5 R R A
MR A bR 5 TSR SRR A LR
HL AL 2A PR RE
2.2 MR B FERE

& 3 24 LFP/C/G-1 F1 LFP/C/G-2 fE AN RS R
)08 PR RE M 26 . i B AT AT LFP/C/G-1 7£ 0.1C.,
0.5C.1C.2C 5C H1 10C T 1Y B U5 B 25 45 43 5]
4 158.15.154.6.150.5 ,141.2 .130.3 1 125.6 mAh -
g, LFP/C/G-2 7£ 0.1C ,0.5C . 1C .2C .5C 1 10C F (¥
RO H A & i O 156.1.,152.5 147 139.7
130.2 A 125 mAh-g”, A/ LA i LFP/C/G-1 Lt LFP/
C/G-2 HA7 5 & L LY L2

170
160} 0.IC 0.1C

)
—_
W
(=3

T

—_

P

(=1
T

—_

w

(=]
T

—_

383

=4
T

..........

Spesific capacity / (mAh-g
S =
S o
T T

* LFP/C/G-1
r * LFP/C/G-2

o
(=}

1 1 1 1 1
0 10 20 30 40 50 60
Cycle number

®
(=}

3 LFP/C/G-1 Fl LEP/C/G-2 B A1 1 il 2k
Fig.3 Cycle performance of LFP/C/G-1 and LFP/C/G-2

Kl 4 FIE 5 HASFAE#T LFP/C/G-1 F LFP/C/
G-2 MY B R T 2 xF eI WD 4 iR 7E 0.1C
£ %N | LFP/C/G-1 W T W HL b 45 4 8 159.15
mAh-g™, & T LFP/C/G-2 W& UL L 28 1 155.9
mAh-g", K BHERS 73 7] LUFE 2] LFP/C/G-1 FEJ R
AR 2E AN 33.2 mV, 1l LFP/C/G-2 2 {E
N 56.7 mV; [RIFE AnE 5 BrR  MPBHE 1C 7 i £
R T RCH B LFP/C/G-1 W OO b AR
150.5 mAh-g”', W& F LFP/C/G-2 [ i L 4%
it 147 mAh-g', LFP/C/G-1 FuJ3CH - 6 HL 9 25

C R %316
42l
— LFP/C/G-1
40 — PFP/C/G-2
3.8F
361 e
Z 34f : ‘
& : ;
sg32+ (T T
G
> 3.0
3.45 I
28 - 332mv,  567mV
26l 3.40 =
248 60 70 8 9 100
20 0 20 40 60 80 100 120 140 160

Spesific capacity / (mAh-g™?)

4 LFP/C/G-1 I LFP/C/G-2 B ¥R S8 L (0. 1C) L 75 1 [&]
Fig.4 Initial charge-discharge curves of LFP/C/G-1 and
LFP/C/G-2 at 0.1C rate

42+
4.0
38}
3.6 [ :
341
32
3.0+
28
2.6

——LFP/C/G-1
—— LFP/C/G-2

Voltage / V

24 60 70 80 90 100
1 1 1 1 1 1

20 0

1 1

1
20 40 60 80 100 120 140 160

Spesific capacity / (mAh-g™)

K15 LFP/C/G-1 Fl LFP/C/G-2 T YRS (1C) L 75 it &
Fig.5 Initial charge-discharge curves of LFP/C/G-1 and
LFP/C/G-2 at 1C rate

XK 131 mV, HHZ T LFP/C/G-2 B 2518 & ik
200.3 mV, T LAl L E | TR A7 3 0 B vk AR AT 0 b R
BA R E FEE R S 80 AR B )N,
M & 6 AT LFP/C/G-1 M BHE 1C 53R T Ik
L L AR B 150.5 mAh-g™', 500 IRTGHRZ )5,
160

—
w
(=}

140 - e

Spesific capacity / (mAh-g™)
IS ™y
(=} (=]

110 = LFP/C/G-1
« LFP/C/G-2

100 1 1 1 1 1 1
0 100 200 300 400 500
Cycle number
Kl 6 LFP/C/G-1 Fl LFP/C/G-2 7 1C 13~ BIE Rk
e Xt He
Fig.6 Cycle performance and rate capability of LFP/C/G-
1 and LFP/C/G-2 at 1C rate




%6 MM

WY T 2 45 W 3k i B0 R T B 8L/ 0 0 S DR P RE X LU 1157

R R,

| CPE1
>_

R /4

2 1

LY w.rﬁ
CPE2
>_

P07 Ao B PR 4004 6 b e A

Fig.7 Equivalent circuit used for fitting the experimental AC impedance data

FLZ5 54 148 mAh-g™, A IRIFHER 98.3% ., 1M
LFP/C/G-2 # FHTE 1C 15 T & Wl T 78 4+ 5
147.6 mAh-g™,500 R Z 5, i L& &R
140.2 mAh-g!, B EREFRN 95% ., Ml H, AL
AL AR A & 7 2 TR A AT vk

2 2
RT
D= 2 4 2 2 (1)
2A F C o
7' < gw® (2)

& 7 R R AU 22 Ui BHL e 1 3 ) 25 2350 R 8 [
Hop R MW BLum O ER BT, R, M
CPE1 X 2 2 17 J22 BHL Bt A 1 49 18 41 £ oc R, 1
CPE2 183 i far 54 2 BH BT A0 AH R (R E AH foT . 72
KX 1F 2%, DR LMY HURE R &8 SR

500
" e
[ —m—LFP/C/C-1
400 .| —e—LFP/C/G-
Iy
300 | _/ s
= ./ °
N I
200 " ®
. (=]
- L ]
o ]
100 - !-' f
0 1

0 50 10I() 15IO 260 25IO 300
Z'/Q
K1 8  LFP/C/G-1 Fl LFP/C/G-2 Y 2 i P
Fig.8 Nyquist plots of LFP/C/G-1 and LFP/C/G-2

—u—LFP/C/G-1 °
150 o LFP/C/G-2
o
-
e} °
N 100f "
L .
-
50 1 1 1 1 1 1
1.5 2.0 2.5 3.0 3.5 4.0
w-U.S

K9 Z'Fl o0 LA
Fig.9 Linear fitting of Z' and ™ for LFP/C/G-1 and
LFP/C/G-2

BT RME A R IERM BRI FRERE R
B, C & LR (2 7.69x107 mol -em )13 o 5 77
o LG A 9 o . KL 8 AT LLE Y LFP/C/G-
1 WHLBH Y 69.23 Q, KT LFP/C/G-2 W HLEH 90.35
Q. WRHEA 1 M 23157 LFP/C/G-1 F1 LFP/C/G-2
TR BRI O Di=1.503%x1072 em? s
D,=9.81x107" em?-s™ . ML T LUA | I A0 78 4
A S5 T A IR A AR ELAA /N 1 BE T R S R Y B
TR S | X IE & LFP/C/G-1 M HLfb2E e+
LFP/C/G-2 WA,

3 & it

PL FeSO, -7H,0 \NH, H,PO, . H,0,.Li,CO;.CeH .06
GO J okt kA 8 E Ak A 5508 S LFP/C/
G-1 MR HE LFP/C/G-2 AR FE FL P ey 1T B £
TR FE 2.5~4.1 V AL ,0.1C . 1C 1
10C T B9 B WO L 75 1 43 00 o 158.15.150.5
125.6 mAh-g”, 0.1C Fl 1C 7l fLF & H R 1 25 (8
{4 33.2 #1131 mV, M SEM 1 TEM EIn] LA H
LFP/C/G-1 ¥4 BHELAT B4 i ¥ 5 M R oot DA
P T LT SRR T RS U BT S 56 25 SR R I
Pk B AL A S 0 T AR 5 G TE AR L AR T vk
A7 Ak B0 i AS A IE AR REELAT B/ NI BT
MRS FERHEE, X 5RMEEMNRETIE
SR B E M

SE WK .

[1] Bolotin K I, Sikes K J, Jiang Z, et al. Solid State Commun.,
2008,146(9):351-355

[2] Chae H K, Siberio-Perez D Y, Kim J, et al. Nat. Mater., 2004,
427(5):523~257

[3] DU Yu-Min(#t#i %), YE Hong-Qi("£L5%), HAN Kai(# 1),
et al. Nonferrous Met. Sci. Eng. (H & & B A5 5 T 42),
2014(3):16-20

[4] ZHOU Hui(J43K), WANG Jin(E#), XU Juan(iF1H), et al.
J. Changzhou Univ.(F M K % % iR), 2013,25(1):76-81

[5] SUN Chao(#)#), YAN Liu-Ming (/"™ 7~ #), YUE Bao-Hua



1158 M

#o% 4R %31 %

(1), et al. Acta Phys.-Chim. Sin. (% 2 4¢ 5 F k),
2013,29(8):1666-1672

[6] Zhou X F, Wang F. J. Mater. Chem., 2011.21(10):3353-3358

[7] Shi Y, Chou S L, Wang ] Z, et al. J. Mater. Chem., 2012,22
(32):16465-16470

[8] Hummers W S, Offeman R E. J. Am. Chem. Soc., 1958,80:
1339-1339

[9] Wang J, Han Z D. Polym. Adv. Technol., 2006,17 (4):335-
340

[10]YANG Yong-Hui(# % #), SUN Hong-Jun(#)£L4H), PENG
Tong-Jiang(3% [ IL), et al. Chinese J. Inorg. Chem.(& LAt
F 3R, 2010,26(11):2083-2090

[11]Wang B, Xu B H, Liu T F, et al. Nanoscale, 2014(6):986
-995

[12]Liu H B, Miao C, Meng Y, et al. Electrochim. Acta, 2014
(130):322-328

[13]Li J, Zhang L, Zhang L F, et al. J. Power Sources, 2014
(249):311-319





