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Preparation and electrochemical performance analysis

of LiFePO,/graphene nanocomposites
LIN Fang ,CAI Junxiu
(Chemical Engineering Department, Meizhouwan Vocational and Technical College, Putian 351100, China)
Abstract: In order to solve the problem of low specific discharge capacity of cathode materials in lithium ion
batteries, LiFePO, /graphene materials with different mass fractions will be prepared based on solid state
synthesis,and the microstructure of the prepared composite materials will be analyzed by means of XRD,
SEM and TEM, and the electrochemical performance of the prepared lithium ion batteries will be tested by
using battery testing tools, to master the basic performance of the battery prepared from LiFePO,/gra-
phene nanocomposite. The test results show that the battery cathode material has a complete crystal struc-
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ture,and the specific capacity can reach 154. 3 mAh + g~ ! when the mass fraction of graphene is 10% , the

capacity after 50 cycles at 0. 1 C rate can be maintained at 152. 7 mAh « g™

, there is a point with the low-
est polarization and impedance when the mass fraction of graphene is 10% ,and the minimum AC impedance
is 343. 8 Q when the content of graphene is 5%. The use of LiFePO,/graphene nanocomposite can effec-
tively increase the specific discharge capacity of lithium batteries, and improve magnification performance,
effectively reduce the polarization internal resistance of batteries, and enhance the service performance of
lithium batteries.
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composites with different graphene mass fractions
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Fig. 3 TEM image of composite material

21 FIR MU A 25 T Bk 10 %01,
Bl £ W 52 G MOBHTE = AR IR P i SR rh 1 4 15 3
C.O.P.Fe LB WM& M. hk 1w
BAETTHL EE G MBI CooBZ g &5, 1l
ik 42.48% 0 LRI Z A0 31.45% Pt 5
Fe i & G20 12. 26 %1 13. 77%.,

x1 BLEHNRESH

Table 1 Mass fraction of each element
JLER JETFIFEL HINEE/ % gid FPAHRR/Y  RENEYY REHHRER/ Y AHRITE/ %
C 6 57.55 K 6. 81 42. 48 2. 95 0. 45
O 8 31. 99 K 7. 44 31. 45 6. 66 0.70
P 15 6. 44 K 1. 44 12. 26 2.47 0. 82
Fe 26 4,01 K 0.71 13.77 2.06 0. 25
W BB 0% B e /b, KRB 90 mAh - g !,
4 ;Bﬁ%%&ﬁ*ﬁ N N . g ~ V=pAN N DE .S =/
A AT, LiFePO,-C/ G &G0 R p A 8808 i 4y
4.1 &R FEHE MK BRI ) B AN X B YR T CHE ) B 2 T A

78 0. 1 C 53 T R LiFePO,-C/G & & #k
EUFEECR ARt 2 i E 4 s (I B o 58
L R

4.2

Cad
©
T

w w
S L=
.

B (Lit/Li) /V

e
@

it
(S

A "
80 100 120 140
tbZ5 & /mAh » g!

|} 2
160 180

B4 0.1 CHEFETARR LFePO,-C/G
FAMMPHERAMRBILEZT LML
Fig. 4 First charge-discharge specific capacity
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composite materials at 0. 1 C magnification

A&l 4 HP BT, LiIFePO,-C/G & A0 Rl
AT BB T A3 B 10 %0 B 8 YR FE R L Y e S
AT LLGA ] 154. 3 mAh « ¢ ', [Alit, LiFePO,-C/G
A PRI AT SR I5 T B0 000 15 20T, — 3%
B E R T L R KT 120 mAh - g7 ', Hfy

SRR RIIAB) £1 850 o B A — v 1)
(L AEMLE T PSR R AR SR LA . 7340
SRR AE LiFePO, i n] $ i r bR S R [
ERFLRRAR Ak P9 B s R 3 5 A4 R LiFePO, #7138
TALZE T — 20k 5 A0 SR A, BEE— D s
A RE AR FP B i R DL T DR FL AR bR
HEAT SOOI AR E
4.2 BEIRREMENIK

K5 HRAE 0.1 C R AS[Rl 7 8506 BT 70 XAy
WA RHEDERR 200 Rl OTBRREE P 2R .

170

150 Al
=
= 150 p ¥ "v";’ v Y v
& b4
B v M
Z M
110 . - ﬁ“ #
100 s s a B '}
0 50 100 150 200
&/
WLFP-C-60; ALFP-C-G5;
»LFP-C-G10; VLFP-C-G15.
B 5 RE A A0 E AR A RE ] K

Fig. 5 Cyclic stability performance test

of different composite materials



68 ® W BT Ok % o R

2023 4F

I 5 AR TN, S 2 A AR A BRI Y T
BT 0201 HoAA Rhf R B T IE AR R i
HL HE AR AR 3] 111, 32 mAh « g ' JRZEDER 200
JEkEA 108,19 mAh « g ' Bl S A MR A S
FE o BB N, i A e s S PR R FEE,
{HH & 5 B EdE AT R0 S AR A B A BT 1 53 A
SRy 15 Y09 1 AR A4 R R R Ll 28 A R BL SR A B
1020 BRI bf-» e R 52 7] 1 — A4IE B, LiFePO,-C/G
HAME A B TR O A R R AT 1
SEAFTE— B, A S0 25 F R IZ A ALY 24
R 10% . MBI AR BRSOk 107
if AT e 50 142, 29 mAh « g ' TES ST
PEFF 200 PG FFHZE 152.7 mAh - g ', it fEr
FETENG I BRI, BVTE 50 B AAAE S i T HRL LU S
. WG R BN R A LA SR
I BB S A B HE I, LiFePO, 5 A S8 i 2508 1l —
ANTERENR) = Y T 4 LA A R TR A
YR LR R A S Rl G A SR B i A
it o 04 1 A R0 00 23 7 A ST AR BN 5 K
I AT BELRS R Y R B A TR T R BUBOR LA
g B IR TN
4.3 BAFEEHINIR

Kl 6 FR SR, o R R AT R i BH
Bt » RARZBUHL A W] £7 7 (4 W ] H BHL, CPE R 3R XL
HLZ A, Z, IRERMPT. B 7 FR U A 6] 5 & 5
B A SR A T 28 1Y S5 AR E S  H Tt TR AR
T R AL BHBT R o b e A BB
RED I B A A A I AE 101 ~10° Hz, R #E A
PRIFAL T 5 mV,

CPE

Rs

A —

N/

1
d
Rex s
H6 $wx
Fig. 6 Equivalent circuit
I 7 A S R B S AR RS
A7 SR O 53 B 1 T AR R S H it Y Ak
SFRHBUHE 25 B UE H AR A . (BAERG A
S 0 BT 3Bk 10 V0B AEALE S/ N BT I R /M

LSRG AT i I G 1 3 A
TIAAT 806 7T LS LiFePO,JE i 5 oL 38 6 » fie i
Li" 75 FERA AR AR IR 100 ot 5 E0pE
L P PAEL AR AT o 7 S 09 B 20 B0 T 1004
S B R 2 4l R K 2 BELAG L vl ) P T AR G
ST 3 S BELATAS W R B 0 A

180 r
L 4
150 F ‘4
a’v
120 +
; -
b
90 k > .
Eg . A v -
E > A v [ ]
60 , 4 v b
caleet
30 + » at g
D‘A : ’
0 20 40 60 80 100
FHALE#/Q
BLFP-C-GO; ALFP-C-G5;
»LFP-C-G10; VLFP-C-G15.

B7 &EWHREIHH 02.5.10%
Ao 150009 oM AT LA AL

Fig. 7

composites with graphene content of 0%4,

5%,10% and 15%
4.4 EERMESWH
A% 2R L R R R M L S - AR R ) S S
B, LiFePO,-C/G E A M BHEA [R5 2T B9 5 H 4
RerhZeani&l 8 s,

Impedance spectrum properties of

180
0.1C . (0%
AAA
::::::v:v' ° 2
135 '00000000.' 4 5%
T;D - 1C v 8%
N 'l-.-...AAAAAAAAAA
—% vevvevvv'Y 2C
£ 90 0000000000  sassanina
@ VVVVVVVVVY 5¢C
pri ®ececsccoe
& LLTTPPPS 1000000444
= 5 — T T YT Y Y Y
Sssssssans
O " 1 1 1
0 10 20 30 40
(CERV &
BS$ FRREAET LiFePO,-C/G
AR A 0 AL P AR

Fig. 8 Discharge performance of LiFePO,-C/G

electrode material at different magnification



34 I35 BB T - LiFePO, /A1 S8R S RN il & L LA 2A PR RE 20 A 69

il 8 W] LA o A1 850 VS i 4Ry 5 V0 B T o
1319 LiFePO,-C/G 9K 2 & #RHHE 0.1 C. 1 C,
2 CF 5 CAERTHHEA R KRB &, KK
KA 157.5 mAh « g '.114. 7 mAh » g ',
88.6 mAh+ g ' f167.1 mAh« g™,

4.5 TS

Kl 9 Fon AR A S AEd i S 152 LiFePO, -
C/G #RHL M IE R A B S 3 BT EIS ik, & 9
B T AN Ay SRR AN I A 1) RSB A fe A X
) R AR Her Ay B sk 5 20 B M4 RH R
/I UERA A BRI AN I RO Y 7 38N RERLT 50604 RE
RS ARAS B 3R T FEL A7 SN e/ IN ) L e B FERLRHL, I
LI R R Tt A2 SR A B 28 A 7

600 Rs Rct Zv v
CPE
v
450 F g on . .
(o] ® 2% v *
= a 5% ®
300 v ¢
b v 8% v 4 .
B v .
’Img .-..II...b‘ ..
a® . .... )
150 . -~
0 A i 1 L L
0 200 400 600 800

FEHTSEHR/Q
B9 LiFePO,-C/G d A48 37 FAT
Fig. 9 AC impedance of LiFePO,-C/G
electrode material

15 Bl Zview BRI X & 9 Ff () B8040 2 4 A )
Ab B IF A5 A A A 8 L BEL R S BEAT R, A AR
Pt = CO AR e 3 L i % 4, PRI 45 R
BT&2 P,

. RT
" R.F D

Ao R FRIREEIR SR E B T Fm 4o X , B
R Ksm FoRiGPEY) B BT s n R R 4K
Rl far G s HUBH s F Rk h s o 48

£ 2 LiFePO,-C/G BRI S

Table 2 Impedance parameters of LiFePO,-C/G
electrode materials
ABIERINE  R/Q R./Q  i/(mA-g )
0 7.51 718.7 28.93
2% 6. 06 514.9 53. 65
5% 4.20 343. 8 59. 41
8% 3.58 349. 5 58. 37

32 2 TP IR AT %0, 78 LiFePO, R8I S0
Jei s B AR Y R 3B R R, RIS, A7 SR s (R S
JEAE 0%.2%0.5 %0 F 8 Yot , Hothil A4 L) Re 431
IR 718.7 Q.514.9 Q.343. 8 Q F1 349. 5 Q. H
A SRS IRy 5 /0 B o B Lt A A ) Re
/N ALK 343.8 Q.0 0V UN Ny 47. 8474,

5 #iE

25 Lk X LiFePO, /41 8804 2 4 RHA R H
PERBUEA T 5T, F SO 45 19 LiFePO,-C/G #4k
A7 B8 Ay B AR EA T 04T . B LiFePO, /
A1 BRI A AR TR A B U I SR A S 0 B o B
1020 BB L BB R ) 500, HSEERgs R
AL I8 A A SIS N ] X LiFePO, /A 85465 K
A AR 2 R4 iR R 1R L 2 B
th IEAR AL B R FL B
B30k
(1] A=W, BHEE,.RER, . LiFePO,/ & 2N

PR A AMA R & S E st ] &
Lk $ 5 3R,2016,40002) :171-176.

(2] EW.3msk4e/ o B = s 8 ok
BR B FRERRT[] ] ARELLXREF
#,2015(02) : 26-28.

(3] S&.%%km. Hi, 5. 62475 F LiFePO,
YR B 8 — B I A ORI & R A S
#e[J]. FEAELEFIR,2019,29(02) 319
325.

(4] F IR ARBEHMAEHE LiFePO42Z & T 4k
SEM A A & RO AT A ) . Ak kA
K FFIR,2018(12) :16-20.

(5] &k Mhmm, DiEE, 5. 48 FH5 LR R K/
B B B M A6 R & R b AL T AT R
[J]. %441 ,2022,51(04) :849-853,859.

(6] skEB=.emyx.KkEWHE.5. LT 625/ 48%
kAT B A B AL B B AT R
FE[J] o4 A F %k, 2019, 35(02) : 139-
144.

(7] Bigsk, 4. F0E. 5 62/ ARMAA
e R AR R A NN e B R e o=
2018,47(03) :69-74.

(F#% 86 1)



86 i

b =S W N

E 2023 4F

K Geit o shik B B RIEMER A E 7 X G R
EZICAAERE S O P R — MR IE TR
AR5 I ZANUE G I A AR5 Z A5 IR 1 5 A s
i BEAUBIE S BIZE ] PG hREsr . R AT 12
B R LA P SRy e o (AT A W E A [ s A3
“INEE R ELRRAS AN X P R BR S EE A
IR HEAT AW LA AL 5 s DATTR F48 75 34 L
HAME ARG IS E ) 588 . Eh¥
AT E B L B o3 ) K 2 4 S U A AR
V- 15 R R b X 27 e it ARSI T R R 46 AR
FH [ Bsf £ B G AR A il T A 1 02 PR BIF 1
FEesRem 7 SR E BRI i — 2 R R R A
BEH.
SZ 30k
(1] F A P R IEMAZ AT A5 Z
)] AR R, 2015(8) 1 28-34.
FM FERA P BAZ AT SR SIS AT
AFHR[D]. ¥k RLIFE 2014,16(4) :6-11.
[3] R RFFMOMEAKTIEE R[] ].
FEE AR FHR.2015,13(02) :151-155.
(4] F 3k XRFEFMOMEARTEEEMN]].
ARRFE S HF,216(2):116-118.

[2]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

Kok, AMARBAE AR T E WK FiE

R AR ) AL ] #r kR B A&,

2014(3):283-295.

FAEEFREA. AT AR S AEFB G IE S

R[] ] B Rl KPR ASH TR,

LF 3 MAE AR TFEEeH R ER]]].

7R, 2014(9) . 165-166.

R, AT AR S MR 3R P 6 B A

[T, #R M AT = T 2k & 2 % 12 52 4k, 2014, 32

(4):49-53.

Z R R W I, B ARARAT AN AT B B A 5 AT

B 5[], A IIE L 2022(24) : 22-25.
LR N A e R R B S EWAY = S
#5iE g [] ] AL Ak, 2022(11) . 101-
105.

MR R THEABARBAZ AR T RiE51E T
Fomk )], T H WAL, 2022(26) : 79-81.
IFE RWEL. B AT N EE TR
BRI, H 3k & 0P 23R, 2021(05) : 3841,
FERE HEEHIHREAIR T B EETR
[D]. = . Bd K 5.2018.

g
=3

B N N N N N N N N N N N N N N N N N )

(3% 69 70)

[8] K&, Rk, g, F. 62540 BORH &
42 & F 1,58, LiFePO, /LiNi(0. 8)Co(0. 15) Al
(0. 05)O, F 4 EM A H 2 AR ] ] RALL
33 4R,2018,34(08) : 1501-1510.

[9] sk#t, 8 &3 2k CoO,/ 5 2M oM

HERL BRI L THKRE F

£ ,2020,49(09) :25-27.

REE, A, TRA.F. aFe, O,/ 5 5

KB FR B AMA G B R S R AL S A

. &5 345 53R,.2020,41(08) : 1850-

1858.

WA, RIAE, § &, F. NiCo, O,/ A&

B A MR &S et )] 4

FA2 5 1¥,2018,26(05):47-53.

x| FAh T3, 7R 23R, 5. LiFePO, /CuO/

Ag/RGO W T H M4t & 5 i 5 ik

sedr e (1. 40 T 37 & 44, 2018, 46 (09)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

117-120,124.

BF,ER RS, BB 4/ RT B
B B AR BT B AR A0 R & Bk AR
AFHE[] ] #gh T H K, 2021, 58(05) ; 386-
391.

REE KL, E RHEE TS
B/ R B A AR & R A R
AR )]. A3 i8R ,2019,82(05) :431-435.
WAE, FA A 2 F. NH,-UiO-66/rGO 24
REASMHOHERLEB BT AHETE
R AL FHHEKXFFHRE
KA R ,2021,42(04) :19-26.

XV E 3, B L, RGO R TR B IS
fik — R ik R & 4 R B A H LiFePO, -
Li; V, (PO, 3 /C B H#5 Fm o AL 52 M AR 09 BF
% (3 ) [J]. Science China Materials,
2018,61(01) :39-47.





