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Synthesis and electrochemical properties of LiCog9Niy.0sMny,sO>
cathode material with high rate capability for lithium ion batteries

CAO Jing-chao, HU Guo-rong, PENG Zhong-dong, DU Ke, CAO Yan-bing

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The spherical precursor of metal carbonate, CoyoNigosMng¢sCO3, was prepared by co-precipitation method
using NH,HCO; as precipitating agent. LiCoggNig¢sMng 0sO, was prepared by solid-state reaction method in air using
Coy9Nig 0sMnggsCO; and Li,CO; as starting materials. The effects of sintering temperature on the structure and
electrochemical properties of the product were studied. The morphology and structure of LiCog¢Nij¢sMngosO, were
characterized by SEM and XRD, respectively. The valence state of transition metal was determined by XPS. The results
show that sintering temperature has a critical role in the performance of the product and the suitable sintering temperature
is 900 C. LiCoyNig¢sMng 50, exhibits good cycle performance and high rate capability within the voltage range of
3.0-4.5 V. At 25 °C, the initial discharge capacity are 181.6, 178.3, 173.9, 167.8 and 157.1 mA-h/g at 0.2C, 0.5C, 1C, 5C

and 10C, respectively.
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1.1 #REE

PL CoSO4 THO(ZE % 99.0%, WL A A Ak Az 7).
NiSO4-6H,O(ZH 5 99.0%, i pRs UL I A7 B 28 ]
ZEFE)HT MnSO,-HoO(4E 7 99.0%, R KB A kA
PR F) A=) BC i BGR BE 4 1.5 mol/L 25 FIR-A i,
Horf Co™y Ni*' Mo BEREEN 18:1:1. [ I HCH] 3
mol/L BIR AR . AEAAN 50 L I V2P
PL 10 L SRECH AN 5 L 25 B 17K AR A, G848
I3 K 4 S TR A RN B B B vy VRO S i N 21 S
S AN PR R IR R I 45 °C, pHAE Y 8.0,
P FEHE 400 r/min. 474 V-G 0 56 B 5 4k S
2 h, ¥RV BIDEIA 28 KR 3 Ik, 1T
JEJEAE 80 CELF THRAR N T4 24 h, 5 43 21 iy R 44
Co9.9Nig05sMng 9sCO5

¥ R L 1.01:1 FREX Li,COs(ZE % 99.5%, Y
JHR GNP P FFR BT OR A4, TR JE RN S 96
P gige, EAUR R A 2 °C/min (TR E R B
20h, HARAENEEE, BIa] 53] LiCoyoNigosMng 05O,
IERRA L. SRR = ok s WFEE, I FLAR 149 um

g5~ 1L 9 -

1.2 SKIGNER

K H A Rigaku 2 7] 2E 7 Minflex BY (1) X 54k A
BATH O = ) I S5 R AT IR, S5 Al R
Cu K, 500 B IR 40 kV; AN 250 mA; H
TS A 10 (°)/min; FHHAE 20 Ty 10°~80°; KN
0.02°; >KH H A JEOL /A w] JSM—=5600LV 44 Hi 7
BT P R N FIR T TE S AT WS . SR
L [E Malvern 23 ] 27 [¥] Microplus SO R FE 73 A 306
FE AT E -

1.3 EithAE 5N

FHE o 5 QBB PVDF Rl 45 7144 5 & L 8.5:1.5:1
AR, PRI AT LA R N— F ek n e
(NMP)ZAR SN 4 B CORPR Y ot KRR P38 S iR A
B b, FET 60 CRIMAET T 1~2h, Z/FET
120 CHEFEH BT 24 h, SRJEFELHEISREN . LA
G BB AT UM, Celgard 2400 £ £LEE £ Iy B ke,
1 mol/L LiPF, ] EC. DMC Fl EMC(ARALL 1:1:1) 3
BN AR AR KRS BN T 1X107° 78
W T4 (KT BB AR A R A A 2R
7%, Universal 2440/750) 4 20 2% 4115 S2 50 Ha i, FHHR
R R 8 (T 4 AT PR A W A2, LAND
CT2001 AP FIxCHL AT AETH IR 25 °C T A 0R
WA, HRTEHY 3.0~4.5 V.
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1 7R AR P B U AT 77 A Ge v 5 1k
FRIBRIRER Cop oNig.0sMngosCO; HIAKAARIT SEM 5. M 1
ATLAE AR OO SR . HL i —
ORURE % B R M R BRI RAR 20 15 pm.
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HMINICOs (WA B A BTl 22, 2L AR R AL
B, MRS BT AR IR TE R
AR, ULWIAT B TR Eh SR R R IRAA

2.2 IERR#F#L LiCoyoNiy.0sMnyg 05O, B 1 BE
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3 s AN EELEE T 4 B LiCog oNig gsMng 050,
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Fig. 1 SEM images of Co,¢Nig osMng¢sCO; precursor
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Fig. 2 XRD patterns of obtained CogoNig ¢sMng ¢sCO;
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Fig. 3 SEM images of LiCogoNig¢sMngosO, materials synthesized at different temperatures: (a) 800 C; (b) 850 C; (c) 900 C; (d)

950 C
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4 fit7 4 800,850,900 F1950 C N .20 h £
B LiCopoNigosMng osO, £ i) XRD 1%, K| 4
ATLLE Y, ZIEAS R XRD 3% 0] LAY JE 2 R
N R3m HLf) a-NaFeO, B HIREG ) S LEANRRE
TR XRD 85 A] B, AATT S I P ik S R ARG
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99, HBEE S BRI TS, P 4l il B N ok .
900 “CHY, A BHIEE I (006)F1(102) LA K (018)F1(110)
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P 6c A7 E, 3a fiE L L™ 3b A7 E L N T
BRI, e e Ao KA S, e AER
BFRHEP XTI 4 TREE 950 C R A AR
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Fig. 4 XRD patterns of LiCoggNigosMngesO, samples

synthesized at different temperatures for 20 h
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WIS H cla {35 KT BRAR IR 7 )5 B HERR &5 04 1)
cla E(4.899)", XKW KFE M O HA BN5EHW
JEARGER o Toos/ s TH AT L SR AR A0 BH 2 TR
FEREEEDS, FAEMOR, PHE FIRHFFEEE N, — oA
AR T 1.2 B, BB ER AR L0 iR
800 CHmi 2 900 CHY, #WilliZ %L av o+ cla M Ipps/ 1o
B RN 1), KR, B G SIRER &, &
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R RERE TR 20 h A B LiCogeNig,0sMng 65O i
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Table 1 Lattice  parameters and  Igs/l194 Of
LiCoggNiggsMngosO, samples synthesized at different
temperatures for 20 h
t/°C alA c/A cla Too3/ 104
800 2.8186 14.0952 5.0008 1.451
850 2.8216 14.1149 5.0024 1.513
900 2.8218 14.1167 5.0027 1.514
950 2.8166 14.053 4.9890 1.400

5 Pk 900 C R 20 h & kK
LiCog9NigosMng osO, #Eit ' Cos Ni. Mn 1 O ff] XPS
. M5 TTRLE ], Co2psp Al Co 2py, GEREST I
b 780.3 F1795.6 eV, X152 FIRIE ) LiCoO,! ik
BEAREET, XYL S B be it FE rp, Co™ e Ak
B Co™. JUE Ni ) 2psp ZiifEN 855.6 eV,
OSWALD 2S5 1) Ni(OH), ' Ni [RHar, #ii7E
LiCogoNigosMngsO, H', Ni BL Ni*' JERAEAE. 1] Mn
2psn 1 Mn 2py, 45 G RE2 03k 642.5 F11 653.8 €V,
EASCHER[19] PR IE ) MnO, o Mn* N3, #8
5 MnO, b4t XPS FTHHEAHFF, 301 Mn /& L) Mn**
FERAEAE o AREYE Mn* 7 LiCogoNig gsMng 5O, #2 51|37
P AROER, B TR Rt Ree I
2.2.3  LiCogoNigosMng osO, FFE it T HLAL 25 PERE

6(a) 7~ M AE 800, 850, 900 Al 950 ‘C4&A4E
PR 20h A ) LiCog oNig.0sMng 05O, FF: i 71 FL s Y. [
3.0~4.5V N 0.2C W 1 ke ot 2e . A 6(a) T
LB, B A BEEE M 800 CTHEIE] 900 'C, K
A 162.4 mA-h/g #&F] 182.6 mA‘h/g, ¥
WA B W T, AR S S N TE S, (U M
3L 950 CIf, WIUECBILA R TS 170.4
mA-h/g, ZPHTEER ) XRD A4, W, AR
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RE, DAL, LA E R B 6o b AFRAE  PEREEAE R RE, S0 AMEHE A ELRFFRICH 91.7%.
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Fig. 5 XPS spectra of Co, Ni, Mn and O in LiCoy ¢Nig 9sMng 95O
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Fig. 6 First charge-discharge curves (a) and cycle performance (b) of LiCog¢NiggsMngosO, samples synthesized at different

temperatures with 0.2C between 3.0-4.5 V
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Fig. 7 Initial charge-discharge (a) and cycle number (b)
curves at various current densities of LiCogoNijosMng 50,

prepared at 900 ‘C
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