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O DML ILPTEET S ERTE Nig2sMng 7sCO5 A AT IRAAA B e HUT IEARAA K} LiNig sMny 5Oy, FRITH HTIR A4
5 Li,CO, B AT ATBR A 53 i I 1A 5 LixCO, S B L 2 R 4% LiNig sMny 5O, JE SR HLA 25 1 BRI
M, HARTEEI(SEM)F X HF L ATH (XRDYX NigasMng7sCO; BT IR A4 FI LiNig sMny sO4 FF i AT RAE, FH 780
DRAFIAAR 22508 LiNig sMny sO4 FE S BEAT -2 VERERI T, G5 5RRWT . P75 B LiNi sMny sO4 ¥ B AT
PRAHA TS . AHLATTIRAA Nig2sMng 7sCO5 4% Li;CO; N4 il LiNig sMny sO4 [ — UL T BURIEL R, B3
B2, TEReAEE: i CARTIRAR M RIS AR S LixCOs N4 M1 LiNigsMny sO, FITES A PERESSRLLT . 7
3.0~4.9 V FHETEEA, 1C 5% FHIMIKSE LE A FI5 3] 136.3 mAh/g, FEH 100 A5AT 126.5 mAh/g, HATEL
HABGF IR SCARE T B E OB A B RS 120.7 mA-h/g.

KHEIA: PEE TR LiNigsMn, 5Oy IERRPPEL  RIALZEPERE

RESES: TMII2 MERIRESS: A

Synthesis and electrochemical performance of
spherical high-voltage LiNiysMn; ;04

JU Bo-wei, WANG Xian-you, WEI Qi-liang, WU Chun, YANG Xiu-kang, SHU Hong-bo,
SONG Yun-feng, WEN Wei-cheng

(Key Laboratory of Environmentally Friendly Chemistry and Applications, Ministry of Education,
School of Chemistry, Xiangtan University, Xiangtan 411105, China)

Abstract: Spherical LiNigsMn, O, powder was synthesized from the coprecipitated NigpsMng75CO;z precursor. The
effects of two synthesis routes, Nij,sMng75CO3 precursor directly mixed with Li,COs and (NigpsMng 75),03 mixed with
Li,CO;, on the morphology and electrochemical performance of LiNiysMn, 50, cathode material were investigated. XRD,
SEM, charge-discharge tests and cyclic voltammetry were utilized to characterize the properties of samples. The XRD
results indicate that the LiNigsMn,sO4 samples synthesized from both methods exhibit spinel structure. The
morphologies of the samples prepared from two routes are spherical. However, the LiNiysMn; ;04 sample synthesized
directly from mixture of Nig,sMny75CO; and Li,CO; possesses larger primary particle size compared with the
LiNigsMn; 5O, synthesized from the (NigpsMng75),0O; and Li,CO;. Besides, the latter LiNigsMn;sO, shows more
excellent electrochemical properties, delivers an initial discharge capacity 136.3 mA-h/g at the rate of 1C in the voltage
range of 3.0—4.9 V. Particularly, its capacity is still 126.5 mA-h/g after 100 cycles. Furthermore, the sample performs
excellent rate capability, even at 5C, the discharge capacity still keeps 120.7 mA-h/g.

Key words: lithium ion battery; LiNig sMn; sO,4; cathode material; electrochemical performance
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Fig. 1 XRD patterns of LiNiysMn; 50, samples

Fig. 2 SEM images of samples: (a), (b) Nig,sMng75CO; precursors; (c) E1, LiNigsMn; s0y4; (d) E2, LiNigsMn; 50,
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Fig. 3 Initial charge-discharge curves of LiNigsMn;sO,

samples at 1C

4 JJi7~ 4 LiNigsMn, sO4 FF 5t PR APERE K o 75
HIRQ25 C)F, £ EL R E2 ZEAFE54%0.5C. 1C.
S5C) FHEIATERE 2 B 4()FIb)FTR. WA 4(a)
MO P AT LUE L, 7 0.5C. 1C fl 5C 5% F, FE
E1 B BB b= 500000 141.5. 136.3 Hl 120.7
mA-h/g; 100 XTEHZ )5, WHREDA 131.5. 1265
A 112.5 mAh/g; HABELRFFRST 8 92.9%. 92.8%

M193.2%; FFib E2 5 UM LA B 730 0 1382,
134.8 F1 114.6 mA-h/g; 100 XAEIA 2 51X A 115.8.94.1
A1 61.9 mAhg. FHIAFFER7IIN 83.8%. 69.8%F
54.05%. mtal UL, FEM Bl 2% N E ARSI
DOBOR LA BRI R Re AR ARG E M. ThTA
mi B2 70K ORI £5 L 425 1 LiNig sMin sO4 (R RE v,
NiOAZSMnOA7SCO3 jFﬂ L12CO3 %ﬁgﬁ‘&é’i COZ’ K%U%é)ﬁ
BIEA, SEPRNGE TR RINFES E1 A2
FLIIERIR, — YOk ORI N, RIA KR fLIES,
AAT WU S FAEA R A5 4, Af LiNipsMny 5Oy
B R oy, BRI I S N se 4y, BT LARE
i E1 AL 2EPEREELRE L B2 4. AR, SRR R
HOR A BB AR A S TS L BhR A &
LiNig sMn; sO, PERESE 4T

200
@ "—05C
e—1C
160 F s—5C

peesccsce®oe

%00q00° (1]
haadhanannag, anst? %000 ®%%%%0g0000000% 40000000
120 p= 4a844000000000004 1 000000000000000,,

Discharge capacity/(mA-h-g™)

80
40 F
0 20 40 60 80 100
Cycle number
200
®) "—0.5C

'|:\ o — lc
0 160 .
£ 5C
g e nna,,
E\ 120 :A.Cotoolooo..........
g : AAAAAAA“A o°
% L LYY YWYV VY
S 80 AAAAAAA“AA‘
?:)D AA“AAAAAA““
S
g 40
Z

0 20 40 60 80 100

Cycle number
4 RIEDBATAS R I0RH e
Fig. 4 Cycle performance of samples at different discharge
rates: (a) E1; (b) E2

5 P RN EL AEAFRAT RIPRIAE BE
2o MK s thaT LI 2, DURTSRABobe i i B AL VTR
RS B RE S AEAN R G 5T IR ARUE PR S AT



%23 %5 6

WA, A% BRI R LiNiosMnysOq 1] o 22 5 pe A 1637

FE ke, HILARE S, 0.5C FRUERR N 141.5
mAWg Ziti, 1C FIHEARLE 136.3 mAh/g /iti,
5C FROBAEAE 120.7 mAh/g UL, dIbaT WL, %44
BHE S A5 22N Ok Re A B o

200

160

120

" 0.5C

1C

5C

0.5C

e}
(==}
T

N
(=}
T

Discharge capacity/(mA-+h-g™)

0 10 20 30 40 50
Cycle number

5 Bl (AR TR A

Fig. 5 Cycling performance of sample E1 at different rates
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Fig. 6 Cyclic voltammograms of samples at scan rate of 0.1
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Fig. 7 Differential capacity curves of LiNiysMn; sO4samples
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Fig. 9 Equivalent circuit used for fitting experimental AC

impedance data
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Table 1 Impedance data of samples obtained from fitting

experimental data

Sample Ro/Q R /Q W/ Q
El 2.19 50.98 0.57
E2 1.81 124.11 0.59
3 it

1) FHFLPTE L 2 BRE T IR AA Nip2sMng 75CO;,
T PR FRANR] ) 25 T BT R A R S R R 4
BKIE LiNip sMn, sO4 IEBAS KL

2) fE= [, K Nig2sMng7sCO5 Bif S04 fif il 4
BB, FRR A B R AT S A
LiNig sMny sO4 IEARAA R 50 0 B 80 L 24
BOFHEIAEREAN R AT B e . T AT e R BT
BN, SR v ke s R B ) A BRI . AR

3~4.9 V AT RN, 0.5C 5 E OB i L
ZE 80 141.5 mAh/g; 100 IRTEIR 2 5, e 131.5
mA‘h/g, T H KRR R iz MR BAT B b (1 b 27
PERE, SC PR E LA SR 120.7 mAh/g, 100
UG G250 112.5 mAWg, BEMFFEA 93.2%.
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