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Effect of Si** and F~ doping on structure and
electrochemical properties of LiNi;3Co;3Mn; 30,

ZHANG Pei-xin, ZHANG Li, TAN Zhi-bo, REN Xiang-zhong

(School of Chemistry and Chemical Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: The layered LiNi;;Co;3Mn;30, cathode materials doped by Si*" and F~ were synthesized by solid state of
mechanical activation method using Li,CO;, NiO, C0,03, MnO,, LiF and SiO, as the raw materials. The bare sample and
doping composites were characterized by X-ray diffraction(XRD), scanning electron microscopy (SEM) and
charge-discharge test. The results show that doping does not change the crystal of materials, the doped samples have a
smaller grain sizes and uniform distributions, furthermore, the composite Li(Ni;;3Co;3Mnys3)0.98S10.0001.96F0.04 has a good
electrochemical performance, which exhibits initial capacity of 157.5 mA-h/g, and the capacity retains 96.19% after 50
cycles. Through the process of the cycles, the highest discharge specific capacity arrives at 173.3 mA-h/g.

Key words: LiNi;;Co,;3Mn,;0,; mechanical activation; doping; electrochemical property

1 OHZUKU #1 MAKIMURA!S% LiNi,;;Coyjs- R, Nitth

Li"® 7 i, 35

Mn, 50, IESRA I FEARIE Lk, AT LT T K=
FIifF57 . LiNi;3Co13Mny 30, 54 7 LiNiO,. LiCoO,
Al LiMnO, X = K M B WL &, B T
LiNi; 3Co13Mn 30, (LR R, AR 510 = Jo i IF]
VEHRZ, BATIRIAE BE AR TR ARG, V5
DEELRL, AR REN T — AL b ER AR
IHAE R LiCoO, IRF AR i1,

LiNi;3C013Mn; 30, Z) K AE“FH B FIRH IS, A8
gt A TR e, BEf A IE b e e RE AR 22, S T
BN S 1 AN S I = BT e S O SR LB
LiNi,5Co;sMn, 30, FIett b, EEETE: 1) 48 LJE
SIRE TS 2 2) AR T, OfF
B 5 UE W] 45 2% 040 78 45 O vE T Brore AR =
LiNij;3Co13Mn 50, IEBRATEHE HLA 27 BE IR FA AR

HEWE: HERARRAIES I (50874074); |44 A4 B AR R AT FUE A0 H (052018)

s HER: 2010-11-01; f&ITHER: 2011-02-28

BISIEE: REEW, #3%, Wit il 0755-26558134; E-mail: pxzhang2000@163.com



2806 A G A R

2011411 H

T AR Z MBI, FOR ST AR
AT EHOAE FRE BN, SitRT AR bRk i) £ R A
Peo ATIBESCRY]: BB R AT R
JE T LA AR g R, FIF LT AR, th
F Si*" (40 pm)If12F 45/ F Ni*T[1)(69 pm). Co’'[#1(74.5
pm) Al Mn*"f)(46 pm), FTLL, 57 Sit R LU
SRR, BET B R IR AR A A T RE . DAL,
ARIAER RN SV R FE A5 e ot 1R R
LiNi,; 5Co13Mn,30,,  BLER AR S5 R FesE PEAT il
FIERE.

LiNi;3Co13Mny 30, )il £ 77 7% 32 A [ AH [ W
PR o AR S B 2T, (EAA R
REZE; WAL SR AT U2 PEREDD IR A IEARAD R, (5
it R PRI A R A e 0 SOk, i EL AT R A 23
223 it [ AH SN A 849 2] LiNiy3Co13Mn, 505, HL
SR AR, S SRR S B P R e T RE
LiNi;3CoysMny 30, FISSHE . B AR i i et 2 o ek
LiNi;5Co;3Mny 30, ¥ BHI ST RYSE S UMMM (EFT/bU)
LI A B R A T R I A VA G g
LiNi;5Coy3Mn 30, M RHE AR WARIE , A SCAEFE K L
RIS PG AR S R 46 T Sit R BB 2% BB B
H 5541 LiNiy;3Co13Mny 3050

1 I8

PL Li,COs+ NiO. Co0,05. MnO,. LiF Al SiO, A
JEL 4 LiaCOsv NiO. Co,05 Fl MnO, $4b 25 7 L
WA TN —E 1) LiF 8¢ Si0, & T H ek S
G, LK CRERAN R, BRESEUNNE, SlidB % F
o Si HTIRAR . KBRS RGP 60 CHET )R,
76 850 CTHT TR FHELS 20 h G153 315 445 FE i
LiNi;5Co13Mn;30,-F.. Li(Ni;3Co13Mn;3),-.51.0,0 &
ﬁ?}%&iﬁ/‘]E*&Ffﬂr Li(Ni1/3C01/3Mﬂl/3)1—zSiz01A96F0A04 =
# Li,COs;+ NiO. C0,03. MnO, Fll LiF % — ¢ Ll
W, R HREGY T IMAGE S Sio, £33, Hrp:
z RoRBAICEMBEIR 7380, HAE S350 0.0.02.0.04+
0.08. 0.12,

X SR AT 5 AR 4 Bruker D8-Advanced %2 5 X
SHERATAX AT, Cu B, FIHEEE 2.4 (°)/min,
VG 10°~80°, K 0.04°; K CHI 660A HifL2F
AR F AT HL A 2 BTN, AEE L 10
mHz~100 kHz, F1K%H Zview SIEAFEAT 5T o

¥ BTG TR S R R4 PVDF

R 85:10:5 MILLBIR G, 78 NMP #7845y
RAEHA], @R N, A YRR G
AR TEE B, TR RS RIEAR AR
NIEM, VL4 @ i A ibk, Celgard2400 RN 1MAL
JE A BRI, L1 mol/L  LiPE¢/EC+DMC(V(EC)/ V(DMC)
h 12) A BN H AR, AE 7RI U T4 (Unilab
R, ) Py 2 L AT i, § RO NS, #E LAND
CT2001A Hijth Pk REMIR R GE b T itk 22 P AE A

2 FHR51R

2.1 FEZRIRIREH R BLF TR EIT

1 Fi7n A F $B245 /0 LiNij3Co13Mn; 50,
XRD i, HE 1 ATLUE M, FrafEs AT s 6, 3
HA a-NaFeO, 45k, Ui F 3B s RHE
. i z #5K%) 0.04 1, (006)/(102)5(108)/(110)
PN 3 406 o 340 I ik, Y z 4R K #1) 0.08 55 0.12
i, XRD WA 2% I,  IXERY OF # F UL
Ji, AT R E R e A, I S R A
AR, MITPEAE T B, XN H A T 5% 75 2
BRI, WK VA, BEE F S, b
WMISH a BHHEK, ¢ BN EIA, X BT
F R OF G RE /NS 5L, oY F R34
AN O [E42(1.40 A), SRifa, b TR FEAR
O™ (IS FEIAT i fur M2, 198 4 8 B9 10 T3 sk
SR, AR S 1T U G2 & 1A L s N S KR,
XA FEG M SEI IR, SRR,
z=0.04 I, c/a 5 R {HFHK, FW LiNi,;Co;sMn, ;-
O1.06F00s HABRIUFIZIRGEH, HIHE RIS
R,

(003)
(101)
(006)/(012)
(104)
(018)/(110)
(113)

(107)

(105)
1

N z=0.08

I v Moz2=0.04

w ,2=0.02
z=0

e

i

il

20 30

50 60 70 80
200(°)

1

N
(=}

1 LiNi1/3C01/3Mn1/3027ze E"] XRD fg
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%% 1 LiNi1/3C01/3Mn1/302_ze E@%W?%&
Table 1 Characteristic parameter of LiNi;3Co;;3Mn;;30,-.F,

z alA c/A cla Toos/ 1104

0 2.865(3) 14.362(5) 5.013 1.19
0.02 2.866(2) 14.361(7) 5.011 1.29
0.04 2.869(5) 14.389(2) 5.016 1.30
0.08 2.872(3) 14.391(4) 5.011 1.15
0.12 2.873(1) 14.393(2) 5.009 1.11
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Fig.3 XRD patterns of Li(Ni1/3C01/3Mn1/3)1,zSi202

*2 Li(Ni;3Co13Mny3),-.51.0, FEMIN S5 S5
Table 2 Characteristic parameters of Li(Nij;3Coy3Mny;3)i—.-

51,0,

z alA c/A cla Toos/ 1104

0 2.865(3)  14.362(5) 5.013 1.19
0.02  2.866(2) 14.389(1) 5.021 1.20
0.04  2.867(6) 14.391(3) 5.019 1.20
0.08  2.870(4) 14.391(5) 5.014 1.11
0.12  2.872(3) 14.392(6) 5.011 1.09
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Table 3 Characteristic parameters of Li(Nij;3Coy3Mny;3)i—.-
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z alA c/A
0 2.865 (3) 14.362 (5)
0.02 2.867 (2) 14.392 (3)
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ALLE] 99.12%. AW, i&fe Si B2 AL mA RHOE
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7 Li(Ni;;3Co1,3Mny3)0.98S10,0001 96F0.04 35 AL HIT S5 ) SEM 14
Fig.7 SEM images of Li(Ni;;3Co13Mny;3)0.98510.0201.96F0.04

(a) Before activation; (b) After activation
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Table 4
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Electrochemical characteristics of Li(Ni;Coy3-

The first The fiftieth The fiftieth
z discharge discharge capacity
capacity/(mAh-g ™) capacity/(mAh-g ') retention/%
0 157.5 151.5 96.19
0.02 146.5 123.8 84.51
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