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Synthesis of Li(Nij;Coy3-xMny;3)M,0,(M=Ti, Mg) cathode material
by oxalate precursor and its properties
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(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Cathode materials of Li(Niy;Coy;-Mny3)M,0,(M=Ti, Mg) were prepared from oxalate precursor. The
structures and morphologies of the synthesized samples were characterized by XRD and SEM. The electrochemical
performance were tested by cyclic volt-ampere (CV), AC impedance and constant current/constant voltage
charge-discharge measurement. The results show that the crystal volume of sample increases with the doping of Ti* or
Mg?**. The electrochemical reaction resistant R, decreases at high rates, thus improving the high rate charge-discharge
properties of the materials. The effect of Ti*" doped is better than that of Mg®" doped. The sample is well crystallized and
simple pure phase with a-NaFeO, layered structure when doping quantity x=0.025. The second specific discharge
capacity of Li(Niy3Coys-g.025Mny;3)Tig 0250, is 143.2 mA-h/g at 1C, 128.0 mA-h/g at 2C, and still remains 132.5 and 115.8
mA-h/g after 100 cycles, respectively, keeping capacity of 92.53% and 90.47%.
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1.1 ERFHEH &

Mg* # 7% Li(Ni;;3Co5-Mn,5)Mg,0, Ff & LA
NiCly'6H,O(43 #14l) . CoCl,-6H,O(43 #14i) . MnCl,:
4H,0(4 T4k MgCly-6H,O(4 HT4LE) Fl H,C,0, H, 05
Brat) g JsoRk, i s it e L s A R I
0.6 mol/L VR, [H] I AT il AH M. 2 51 0.6 mol/L
H,Co04 H,0 W, K 38 I IR N 25 2 HEA T RO,
Pl pH {HAE— & Ju, RNVEE N 30~85 C, Hift
HRER 500~850 r/min, 3 R4 APTE, bk, vk
GRfE TR T8, SIEREWERGE, 5
LiOH-H,O(4F Ml tb 24 v LU AR Syl & J5 47 AL Bk
BENLIERES, 28 TR o Ja 16 N 2 /8 2 AR
N 400 CHOME, WHIG R, FHEAN R RSA
AR 900 C R BN F L IL B A HI 2 5, 159
FI 25 i Li(Niy3Co,3-Mn,; )Mg, O, IEHA R Ti**
Bk Li(Ni;;3Co1/3-.Mn3)Ti, O, Pt Tioz(ﬁﬂtﬁ ?@)‘5 B
BRSO RTIRAA . LIOH-HoO(53 BT 400 B #5444k 2 1
HIWRE, RELFSBENAMFA.

1.2 #RIRIE

K HASER 28 7 £ 77 1 D/max—2400 FUFEEE X
S AT AR IEARAA BEIEAT W0AR 23 B, R A Cu K, #E
HRSHERK: 1=1.540 56 nm, #)EK 50 kV, FHA

10 mA, %0 0.01°, FIFEHEEN 4()/min, T4
FIHEEFY 10°~90°; K H H A HL F(JEOF)JSM—5600LV
TP H v 1 A B SR R IO T3

1.3 BitayER 5B

PA Li(Niy;Coys-.Mnys)M0o(M=Ti, M)t i A 1E
Mg rEY o, SRR ik, EEATFER AR
SRR S50 Rt . JC P IERR A R IR, IF
PRI AL TETES T, 2 BRI DU S L5 1 IR
H N 85:10:5, BN SR N T ALK (Celgard2300),
HLAA N 1 mol/L LiPFe—Hik 2 £ I BR(EC) ik iR — F Ik
(DMC)(FAFRLE 1:1)0 S56 r Hpi (1 F R e 7 S oK
FE G/ HE N, AR PCBT-32D-D LAND
BTI-10 = HINK RS JeEAABR R E Bk, FE
P A e R S Y T £ [ VE 15 A SR V= G e
H0.1C2C, faJE7 K 4.3~4.5 V (vs Li/Li"), [R
HIHLAA 5 pA/g, ALY 2.75 Ve HIBARER
Rz A BHPTHECR R RS A B A R
CHI660B HiAk % T AR, EI R it h 0.1
mV, HIETEER 2.8~4.6 V; THHBTIMER N
0.001~100 kHz, “PiiHIEN 4.2V,

2 ZFERE5iHe

2.1 BEREXRELFMERERINE

K1 R B RRE T Mg & bR
0.1C Itk - PERe 4, Kl 1(a)FI(b)ITs A H IR A
B thZe, B 1) MR AN T 10 AEH ih
2. W& 1 w40, 5 LiNijzCoysMnyz0, L, TitR1
Mg™ 5% FE S IR LA B 2 R AT TR, X 5 0F
WAt Rl 25 55 B Ak 24 S N S P R A e, TR
Ti* 1 Mg™ E F8 /8O HLHT G I S PR RS, R HAT itk
AR 4, BIAREA MR AL AR AN,
LB x=0.025 I, PPEERILH R A, BRI
o} 189.4/162.1 mA-h/g, #BEENT Y 188.0/159.8 mA-h/g;
M 44525 x M 0.05 AR 2858 W] T B, x=0.1
B, PR AR, B0 155.0/135.1 mA-h/g, B8k
IS 147.9/126.8 mA-h/g. IXJE N 57848 & 170
MBS S, ARG JE BN dids, A sh
FUR AT WAL, & IR AR R 0 T M R, JF
HART Li' & P Iy 8, HEaad X, &
FHEERERGAR IR, PUEL RS TR A P T S
MR A A, AR ERE ™ G, i
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Fig.1 Electrochemical performance of Li(Niy;Coys_,Mny3)M,0, (M=Ti, Mg) at 0.1C: (a), (c) M=Ti*'; (b), (d) M=Mg*"
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Coy3-0.02sMny3)Tig 02507) B(Li(Niy3Coy3-0.025Mny3)-
Mg.02502) L A 45 4% C(LiNi3Co1sMn,;50,) 1) XRD i,
X1 AR 2 g i) XRD #ls ik H b —
Fei Lt SAT BN AR ICHE i 1) i 0 2 280 B FLR AR I R 1)
L. I 2 /T4, Ak AL BRI C AT B AR T,
ISR, 4B a-NaFeO2 ZIRGEH, J&T/NI7
AR R3m 25 (A BEs % I PR ARSI J% i, WA 5
—, Wmal; EITPATHTER, B, UL SRR AR
AELf; (006)F1(102)+ (108)F1(110) 4 BT /324,
KRR M. B2 o, B4 A B
(13 (003 )AFAE AT S U ik F5 L A A5 A C IIK, FL(003)

FL04)RFAFVEE IR Ry JEAH LG C TR, IX R B 2%
JEFES RS A S5 7 ARk . RRYR SRS, T iTIE
SREEFRAC, Pm B ig o, nIREAL B b PR 20 A B A iy
ARG INT, X ZARAEE BT it AR, BT RR
B XRD AT L Toos/Tioss (oot T102)/ o1 WS LLZE
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B P LARAE SR s by s 3 k)l 1 el I, B
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B. C ¥ cla Beilr, L€ 4.97 Kiti, UWHIFTHFERIY
TERGEIE M) JZAREE M o Tk, W RO 4 8 5
Li"RAETRHER Loos/Los WESRLEAE, C K, B He/h; Xt
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Fig.2 XRD patterns of Li(Nij3Coys-Mny3)M0,(M=Ti, Mg): (a) Li(Niy3Coyz-0.025Mny3)Tig 025025 (b) Li(Niy3Coy3-0.025Mny3)-

Mg.02502; (¢) LiNi;;3Co0,,3Mn; 30,

& 1 Li(Niy3Coys-0,02sMny3)Tig 02502(A),  Li(Niy3C0y3-0.025-
Mny;3)Mgg.02502(B), LiNi;;3Co,,3Mn;30,(C) 1) i L 24
Table 1 Lattice parameters of samples A, B and C

Sample a/A /A cla Iyslan. Iygs/Los (oostho) o
A 2.863 14.257 4979 4522 1.61 0.41
B 2.864 14.255 4977 3791 1.22 0.45
C 2861 14.222 4971 4718 1.66 0.39

FE A5 BN B 2% ) 1 NS AP0

K 3 Fios Ay x=0.025 BFER ALi(Ni;3Coys-0.025-
Mny;3) T 02502) « B(Li(Niy3C01/3-0.025Mny3)Mgo 02502) KA
7% C(LiNi;3Co,3Mn,50,)[1] SEM 1% I %1,
mh Ay B HIC JESEGE, FORES A M, F 2
B IR ASEER RO A e, ORI/, K2 BBk R
184 200~500 nm; B2FE AL B RURL ] [ S8 R L U
55, MORLACEREE Ay B, i BRI A A .

2.3 MHRBYKEER TR R

SRS AT LiFePO, JHEATHIFGY AT 40, B mth ok
IRt &8I, AR A5 20k Bers 20 I 2 s, MiAE sk
B N A ARl A FAE B 0 r L, B2 SRoA e} i Pt
KIFE B . B 4 Prosh Ay B AL C fE KA 1C
M2C B IR s th g, S5 1 AT A, B
HR R, e it s BT, T

G T N A RERRAC,  Ud W K PR N FEL VA A 1 K
AR B RS, FERARAE R, £ A B
FCAE0.1C N UM Ay 162.1, 159.8 F1170.4
mA-h/g, TITE 1C WJSOEA RN 143.2, 136.6 F1119.2
mA-h/g, 2C WIIEEAL, {4 1269, 106.1 Fl 95.7
mA-h/g, FIERT L, 320 70 i e F AN A T T A
{HB IR L FE BRI i L, 2% TR
Mg™", fit B HCE M RHA A5 5 70 OB, UL Tit
BRI, A XRD M, T TR Mg® AR
K, B35 AT R, X KT Li' e H b
SSRGS R PR O, AR A L
BEL 7, AL RS R PERE . X T Me™ B 4441 B,
HT M2 BRIt NS B HEE LivER, Aot e
Bt N> 7B 2% B HE B, AR e B 8 TR ) (X
TN Mg™ 5225 N BH 85 FIRHEBEN Toos/Thoa W8/NE
FIUEW), AR, M IIAEAEH] N e, X nT Bl
DR N> PR 78 T IS B 74 R A O 5 BUb e
ZERIITE, LiGHIE s pHZERY, Mk, RS B
HBH B IR FEINRD, (H Me® AN B AL T, 7
TR AN A EREAAR, AE 73 K Ho JAE 70 T H P 75 o
w, JEPEREEELE . JI4h, BAM RME RN REGE I
B aes v oI NS E ARl BRAC LA SN RH
P k. MR AAREIE S, F Mg Bk TiY BUR Co™
I, AT R AERE, B p ALl n RSk, B
A PR G R REY,
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Fig.3 SEM images of Li(NiyCoys-Mny3)M,0,(M=Ti, Mg): (a) Li(Niy3Coys—0.02sMny3)Tig2502; (b) Li(NiyzCoys—g.025Mny3)-

Mg(.02502; (¢) LiNi;3Co,3Mn; 30,
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Fig.4 Second cycle charge-discharge curves of Li(Niy;Coy;-.-
Mny;3)M,0,(M=Ti, Mg) at different rates: A—Li(Ni;;3C0y3-9,025-
Mny;3) Tig.02502; B—Li(Niy3Coyz—0.005Mny3)Mgo 02505, C—Li-
Ni;;3Co13Mn,; 30,
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Fig.5 Cycle performance of Li(Niy;Coys—.Mny3)M,0,(M=Ti,
Mg) under different charge-discharge rates ranging in
2.75-4.30 V: A—Li(Ni};3Coy3-0,00sMny;3)Tig 0250; B—Li(Niys-
Coyz—0.02sMny3)Mg 0250,; C—LiNi;3C0,3Mny 30,
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Fig.6 Cyclic voltammograms of Li(Niy;Coys-Mny3)M,0,
(M=Ti, Mg): A—Li(Nij;3Coy3-9.025Mny3)Tig.0250,; B—Li(Niy3-
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Fig.7 Nyquist plots and EIS of Li(Niy;Coys-Mny3)M,0,
(M=Ti, Mg): (a) Nyquist plots; (b) Equivalent circuit

F2 BT AR TG TS E E oS
Table 2 Values obtained for simulation of elements in

equivalent circuit shown in Fig.7

Sample R/Q R/Q R/Q WIQ

Li(Niy3Coy3-0.02sMny3)-
Tig 02502

Li(Niy3Coy3-0.02sMnyj3)-
Mg.02502

599 47.64 5627 3223

690 5439 8723 39.19

LiNi1/3C01/3Mn1/302 10.37 69.62 126.57 54.38

3 #ig

1) SR B R 2R AT OK AR A R ER . BE B AR
LiNi,;3Co13Mn, 30, BT R, BA a-NaFeO, N
0, BT /N7 i A R3m 45 [ B s £ BRI AT B —

2) SR Tit's Mg™ 524 il W] 55 it bR i 26
IR AR 2 MR B, B T RO B 4F . Li(Nips-
Coy3-0.00sMny3) Tig 02504 7E 1C A% 5 78T I 28— AF I
78N 1432 mAh/g, 4 100 XAEIRG N 132.5
mA-h/g, 2C B AR A i 128.0 mA-h/g, £ 100
WAEIR G A 1157 mAh/g;  Li(NiyzCoys g.0sMny3)-
Mg 0250, 75 1C IS5 AR LA TR 136.9 mA-h/g,
100 JAEHR G 122.6 mA-hg, 2C TSRS IR
A 106.1 mA-h/g, 100 XAEH G4 99.3 mA-h/g.

3) BAIGFERERMERENGE S TV MgT B
Je dn MR IR, O AR, ks O,
BHATAS /NG Ko PHEMR MR, iz Al
W, ATIEPE BRI A HH BTN R TR Mg™
54 W 2 AR DA% 38 Hh Wb 2 S N R T

REFERENCES

[1] OHZUKU T, MAKIMURA Y. Layered lithium insertion material
of LiCo;;Ni;3Mn;;0, for lithium-ion batteries[J]. Chem Lett,
2001, 7: 642—643.

[2] SHAJU K M, SUBBA RAO G V, CHOWDARI B V R.
Performance of layered Li(Ni;;Co;3Mn;;3)O, as cathode for
Li-ion batteries[J]. Electrochimica Acta, 2002, 48(2): 145—151.

[3]  YABUUCHI N, OHZUKU T. Novel lithium insertion material of
LiCo;;Ni;3Mn; 30, for advanced lithium-ion batteries[J]. J
Power Sources, 2003, 19/121(1/2): 171-174.

[4] YOSHIZAWA H, OHZUKU T. An application of lithium cobalt
nickel manganese oxide to high-power and high-energy density
lithium-ion batteries[J]. Journal of Power Sources, 2007, 174(2):
813-817.



F19BEH 1

WP

AT RE Li(NiysCoys-Mnys)MOo(M=Ti, Mg) & i S M fig 107

(3]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

CHO T H, PARK SM, YOSHIO M T, HIRAI L, HIDESHIMA Y.

Effect of synthesis condition on the structural and

electrochemical properties of Li[Ni;sMn;;Co,;]O, prepared by
carbonate Journal of Power
Sources, 2005, 142(1/2): 306—312.

LIN Bin, WEN Zhao-yin, GU Zhong-hua, XU Xiao-xiong.

co-precipitation method[J].

Preparation and electrochemical properties of Li[Ni;;Coy;s-
Mn,_,;3Zr,3]O, cathode materials for Li-ion batteries[J]. Journal
of Power Sources, 2007, 174(2): 544—547.

LIU Dao-tan, WANG Zhao-xiang, CHEN Li-quan. Comparison
and Fe-doped
2006, 51(20):

of structure and electrochemistry of Al-
LiNi;;3Co13Mn;50,[J].
4199-4203.

LIAO Li, WANG Xian-you, LUO Xu-fang, WANG Xi-ming,
GAMBOA S, SEBASTIAN P J. Synthesis and electrochemical

Electrochimica Acta,

properties of layered Li[Nig333C00333Mng293Al004]O>-.F. cathode
materials prepared by the sol-gel method[J]. Journal of Power
Sources, 2006, 160(1): 657-661.

LI De-cheng, KATO Y, KOBAYAKAWA K, NOGUCHI H,
SATO Y. Preparation and electrochemical characteristics of
LiNi;sMn;;3Co,,30; coated with metal oxides coating[J]. Journal
of Power Sources, 2006, 160(2): 1342—1348.

KIM H, KONG M, KIM K, KIM I, GU H. Effect of carbon
coating on LiNi;;3Mn,;3Co,30, cathode material for lithium
secondary batteries[J]. Journal of Power Sources, 2007, 171(2):
917-921.

KIM W S, CHUNG K. Synthesis and charge-discharge
properties of LiNi;—,Co.M,0, (M=Al, Ga) compounds[J]. J
Powder Source, 2003, 115(1): 101-109.

CHUNG S Y, BLOKING J T, CHIANG Y M. Electronically
conductive phosphor-olivines as lithium storage electrodes[J].
Nature Materials, 2002, 1: 123—128.

ZHANG Chuan-Fu, ZHAN Jing, WU Jian-Hui, LI Chang-Jun.
Preparation and characterization of fibrous NiO particles by
thermal decomposition of nickelous complex precursors[J].

Trans Nonferrous Met Soc China, 2004, 14(4): 713-717.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

KIM J M, CHUNG H T. Electrochemical characteristics of
orthorhombic LiMnO, with different degrees of stacking faults[J].
Journal of Power source, 2003, 115(1): 125—130.

JANG Y, HUANG B, CHIANG Y M. Electrochemical
cycling-induced formation in
orthorhombic LiMnO,[J]. J Electrochem Soc, 1999, 146(9):
3217-3223.

B, X SR T ER M. dbnt: ime AL, 1986:
97-99.

spinel high-charge-capacity

SHENG Shi-xiong. X-ray defraction analysis technology[M].
Beijing: Metallurgic Industry Press, 1986: 97-99.

LU Z H, HUANG X J, HUANG H, CHEN L, SCHOONMAN J.
The phase transition and optimal synthesis temperature of
LiNiO,[J]. Solid State Ionics, 1999, 120(1/4): 103—107.
YOSHIO M, TODOROV Y, YAMATO K, NOGUCHI H, ITOH
J, OKADA M, MOURI T. Perparation of Li,Mn,Ni;-,O, as a
cathode for lithium-ion batteries[J]. Journal of Power Source,
1998, 74(1): 46-53.

MOSHTEV R V, ZLATILOVA P, MANEV V, SATO A. The
LiNiO, solid solution as a cathode material for rechargeable
lithium batteries[J]. Journal of Power Source, 1995, 54(2):
329-333.

GAO Y, YAKOVLEVA M. Lithium metal oxide containing

multiple dopants and method of preparing same: US
6277521B1[P]. 2001.
Xk, B, BOSE ORFEYHEZEM] Kb hERE

HRAL, 2001: 394-397.

LIU Yong-an, LUO Yi-ming, TANG Yin. College physics[M].
Changsha: Central South University Press, 2001: 394-397.
Br2eA. ACURBHACIE IR B A N R M. Abat: B Tl AL,
2001: 21.

SHI Mei-lun. AC impedance spectroscopy principles and
applications[M]. Beijing: National Defence Industry Press, 2001:
21.

(HRE  EITH)



