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Abstract: LiFeg 9sNig ioMng o;PO,/C cathode material co-doped by NiZ" and Mn* ions, was prepared by high temperature
solid phase method. The structure, morphology and electrochemical properties of the as-prepared material were
characterized by XRD, SEM, EIS and charge-discharge methods. The results show that the as-prepared
LiFe(95Nig0oMngg3PO4/C keeps the olivine structure of LiFePO,/C, and the discharge specific capacity and cyclic
stability are obviously enhanced. The initial discharge capacities of LiFePO,/C without doping are only 153 and 140
mA-h/g at 0.1C and 1C, respectively. While the initial discharge capacities of LiFe(9sNig ¢oMngg3PO4/C co-doped with
Ni*" and Mn*" are 160 and 145 mA-h/g at 0.1C and 1C, respectively. Besides, the capacity retention still has 97.6% after
100 cycles.

Key words: lithium-ion battery; cathode material; metal ions co-doping; electrochemical properties

H 1997 £ PADHI &' AR Y LiFePO,/ENEE  E3R1G T —2@RINH. H2E, LiFePO, M EIA G

B R IEARA R LK, Al SO AR 5y LiFePO, 1
PEREAIF S A . LiFePO, HABIHF 5 MK
B Jorg. AEEACL . BRAETIA 170 mA-h/g FFEL
m o BSCY BB i EAR AR —, AT

TP YRR TR R, P EOL A RO
BEHEN, S T HMBUL N . HAT, X LiFePO,
(RPRFFFL = TR TR X S A T ek, B S a7,
BEFBAEEL il T2 s Bk

EE&WMB: EXRARFFIEEZIIIE (20871101); Rz BEMHE v-RITH (2009GID20021); 4 midk = kALK & 1 H (10CY005)

s HER: 2011-11-07; 1&iTHER: 2012-05-02

BIEEE: TAA, B¥Z, Wl Mmifi: 0731-58292060; E-mail: wxianyou@yahoo.com



522 2 12 W %R, 2% LiFeosNio0aMngesPO4/C 14 B FLAL 22 1 fig 3483

BETE BTSSR dim kB, I ot &
LiFePO, Hik 21t . ROBERTS 5 Li A7BHE
T52%, $&m T LiFePO MR 74 Hud % . LU
SEOURH N2 452 Fe A, £ 2C 155 N R E e d 7
FFE 121 mAh/g L Eo LI &SR Mn* 5 7% Fe {7,
10C R B2 AR FEE 102.9 mA-h/g B L. Ni**
A Fe® fE 03 A MR R IR AL T 28 DU A VI i,
HLPAUAH 22 1A, PERER R 21, (HR R AT 5 Ni'
2% LiFePO, [AE, 1R Ni*'s Mn* LS50k
3 LiFePO, HIALZEMERE IR I IE A 1M AR WARIE . A
B 2 3 v il AR R 46 T NPT Mint 3R B 2R
LiFeg9sNig.0,Mngo3sPO,/C, FHHF5T T Ni*'s Mn* LB 7%
SRR TSR H LA Pk R R

1 KL

1.1 #REH &

FREUEE R EE M 1:1:0.5 ) FeC,0,-2H,0 NHH,PO,
Al Li,COs, FHINAIRZ 7 LiFePO, LUy 4% (5 &4y
O RERE, BRESRA 6 h(EREEA N K5 TEK L)
TR, KA I RS T Ar/H, TSR
AW T 350 'C RIS 8 h, SRJE T 700 ‘CHEEEE 15 ho

Wk F R 7 i NPT M R B e
LiFe 9sNig 02Mny ¢3PO./C.

1.2 MRS SREBIFRENK

K X by AR BTSN T Bk AR FE S AT
AT, RRAES Ay HAS Rigaku Y X 54k B sh At
e MRALATT: Cu K, 484, 50kV, 100 mA,
A0 0.02°, FIHEHE 1 (°)/min, FIHEEE(Q0) N
10°~70° 0 K FH A BT 5 BRORE 5 (1) 3R T TE SR A T 43
Bro AXARRH] JEOL A A2/~ JISM—-5600 414
ERTAG

1.3 PR R

DA N- ML eI A5 7], 4% LiFePOs SRR
FI PVDF 4% 5tk t ol 80:10:10 R A539%4), BEHEarE K
W, BB L, DL Celgard2400 SR N 2 FLIK
BRI, LA 1 mol/L LiPF, HIRRTR £ 46 BR(EC) Al
— LHEERIR R (DEC) PR A MI(EC 5 DEC R LA
L1, #E=ZAAFAM), DEEHEFdtatads)E
WEFCREA =) Ry S, E 7RI T 246 N 412 e
A, FEHT BRI BT H Ak 2 R RN,

R SEE N 2.3~4.2 V, RN 25 C.

2 FHR51R

2.1 tHEMS R

1 fii7n M LiFePO,/C 15 LiFeq 0sNig xMng o3PO4/C
1) XRD 1. K1 ATLUE H, PIRRE AT A
P& SERHER AT W) &, WIRREE, HATH
SRR, WAAHEAEE, RIME A R—A)7
RIS A7 258, 5 2% B 4 s A s AR i
PAEER . MR SRS S5 ARSI TR 1. AR 1
HLLEH, Nit's Mo* L8005, AR AT IR .
BT N2 THIEAR(69 pm) A Mn? f1242(60 pm)EL Fe?
(F2E42(74 pm)/DS, BT Ni** . Mn> L5288 T
LiFePO, it 11, ik T LiFePOy (1 A4 F .

(b)
(2)
&8 _ Q
-~ — =3
~ =5 = S
= = = [ =
S - a = o8 =
< 2 |5 z=8 & Standard
(=3 ~ [ NS Py
S o = == N -
S 1&g |8 |2=5 8 Za
= T |Eee T ac
‘.|T AN T R
10 20 30 40 50 60 70
20/(°)

1 FEHE XRD i
Fig. 1 XRD patterns of materials: (a) LiFePO4/C; (b) LiFe(os-
Nig oMny o3PO4/C
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Table 1 Lattice parameters of samples

Sample alA  bA A VIA

LiFePO, standard/C 10.328 5.996 4.685 290.127

L1F€095N1002Mn003PO4/C 10.315 5.981 4.671 288.173

LiFePO, 10.330 6.010 4.692 291.295
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Fig. 2 SEM images of materials: (a) LiFePO,/C; (b) LiFegs-
Nig oMny o3PO4/C
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Fig. 3 TEM image of LiFe0_95Ni0_02Mn0_03PO4/C
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Fig. 4 Initial charge-discharge curves of samples at 0.1C
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Fig. 5 Cycle performance of samples at 1C
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Fig. 6 Cycle performance of LiFegsNiggMngo3PO,/C

composites at different rates
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Fig. 7 AC impedance patterns of samples (a) and equivalent

circuit used for fitting experimental AC impedance data (b)
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Table 2 Impedance data of samples obtained from fitting

experimental data

Material RJ/Q R./Q R,/Q
LiFePO4/C 1.81 214 0.59
L1F€095N1002Mn003PO4/C 2.19 56.42 0.57
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