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Fig. 1 SEM images of the precursor and sintered materials
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Fig. 2 XRD patterns of LR-NMC333, LR-NMC442 and
LR-NMC532 samples
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Tab. 1 The XRD Rietveld refinement results of the three sam-

ples
Sample a/nm c¢/nm V/mm? Toos/ T 10
LR-NMC333 0.2849 1.4310 100.575x10° 1.478
LR-NMC442 0.2850 1.4544 102.289x10? 1.431
LR-NMC532 0.2853 1.4556 102.589x10° 1.380

Sy ik — LA TN [ 4 53 R FE AR 2 AL i AR
FEMVE LA AR K 3 FEE S AE 300 °C 500 °C
600 °C.700 °C.800 °C &% A [] & B & #F 17 5t fif
XRD 3K (3 K57 XRD it %225 ). K 4
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Fig. 3 Photograph of in-situ high-temperature X-ray diffrac-

tion device
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Fig. 4 The in-situ high-temperature XRD patterns of three samples
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Tab. 2 The lattice parameters calculated from high-temperature in-situ XRD patterns

Lattice

parameter Sample 25°C 300 °C 500 °C 600 °C 700 °C 800 °C
a/nm LR-NMC333 0.2849 0.2863 0.2871 0.2878 0.2886 0.2903
LR-NMC442 0.2850 0.2863 0.2876 0.2883 0.2892 0.2902
LR-NMC532 0.2853 0.2863 0.2877 0.2882 0.2893 0.2903
c¢/nm LR-NMC333 1.4310 1.4358 1.4382 1.4397 1.4418 1.4460
LR-NMC442 1.4544 1.4574 1.4613 1.4628 1.4643 1.4670
LR-NMC532 1.4556 1.4603 1.4643 1.4671 1.4671 1.4697

V/nm? LR-NMC333 100.58x10°  101.91x10°  102.66x10°  103.26x10°  104.01x10°  105.53x10?

LR-NMC442  102.29x10°  103.48x10°
LR-NMC532  102.59x10°  103.66x10?

104.69x10°  105.29x10°  106.05x10°  106.97x10?
104.96x10°  105.54x10°  106.37x10°  107.24x10°
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TE 70 H ) A BB G A TR EE NE2Y/NES NE/NS
Hl Co™/Co* KA AAER. 25 2 MK Ay 45V F
BA MR 1) 5 Li,O MR R B

)%V LiO B A 56, i H7E H i i
K LiYH g #0020, AR 2 shs s 45, BE 2
Ni & ayshn, i & MKl 260.1,251.6 il
236.2 mAh-g', B IRFCFEMIK A 83.2% .79.9% Fil
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Fig. 5 Initial charge-discharge curves of LR-NMC333,LR-
NMC442 and LR-NMC532 samples within 2.0 to 4.6
Vat20mA-g'
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Tab. 3 Electrochemical data of the three samples

Initial charge Initial discharge Initial
Sample capacity/ capacity/ coulombic
(mAh-g") (mAh-g?) efficiency/%
LR-NMC333 3125 260.1 83.2
LR-NMC442 314.7 251.6 79.9
LR-NMC532 316.1 236.2 74.7

74.7%. AT LU T30 H 25 5 B W B AIG, B RS AT
ZE A AN X EIH T NI AR AN 53
Li/Ni* I HFL G ™ 5, Al Lit (9 [l 32 2 BEAS , DA
MR TR EA R, MR 220 h
b2 PERE , 5 XRD K FEAE 25 A4

6 AR 4 4 A vk re 1, vl LA N
B ARG B AR R R 2 B A A R S
EF R I BE A K, T N 75 o e YRR G T R
T, BRT RAFMMERMERE. K 4 BdEoT LLE
i LR-NMC532 FE il AL T 0.1C JiltH 54 T 1Y
P25 5 ,2C M2 i DR 7 2 535 80.8%. A XRD I
PRZE AL AT N 2 ) & AR LN TR R
KL LAt B 37 20 A BELAS K. (H I 1 HaT LR
i, LR-NMC532 - Y80 B A X 4/, H— ki
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fil , 7E AR N AR T LiT AR RS R AR
fis Rk RE A B4

B 7 R 3 FhRE b 7E L RS O 40 mA g 1Y

Rate/C

K 6 LR-NMC333 LR-NMC442 fil LR-NMC532 (1 i %
TERE A

Fig. 6 Rate capability curves of LR-NMC333, LR-NMC442
and LR-NMC532 at various C rates

A4 SRR TEA AR ST B L RE SR

Tab. 4 Rate performance of the three samples

Rate  LR-NMC333/% LR-NMC442/% LR-NMC532/%

0.1C/0.1C 100.0 100.0 100.0
0.2C/0.1C 97.2 97.2 98.8
0.5C/0.1C 92.5 90.4 93.5
1.0C/0.1C 86.1 83.6 88.0
2.0C/0.1C 75.3 69.7 80.8
270
'TA ..lll......... g,
éﬁ 255+ .-"..... .o.....-. l'l.-.lnl.ln.-..-..-
< o'e® te00gee
E 40l T e,
% " e
g 2251 = LR-NMC333 o,
S o LR-NMC442 iy
o]
o 210t 4+ LR-NMC532
on
2
2 195+
)
180 I I 1 1

0 10 2I0 3I0 40 50
Cycle number
¥ 7 LR-NMC333 LR-NMC442 Fil LR-NMC532 £ fit 1
40mA-g' 2.0 ~4.6 V AT BIEIAPERE
Fig. 7 The cycle performance of LR-NMC333, LR-NMC442
and LR-NMC532 samples within 2.0 to 4.6 V at 40
mA-g!
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Fig. 8 Initial discharge curves of LR-NMC333, LR-NMC442 and LR-NMC532 samples for different cycles
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Preparation and Performance of Lithium-Rich Manganese Layered
Materials 0.6Li[Li;;Mn;]O,-0.4LiNi,Mn,Co,..,0:(x < 0.6, y > 0)

FENG Hai-Lan'? LIU Ya-Fei'*, CHEN Yan-Bin'?
(1. Beijing General Research Institute of Mining and Metallurgy, Beijing 100160, China;
2. Beijing Easpring Material Technology Co. Lid., Beijing 100160, China)

Abstract: Lithium-rich manganese based cathode materials 0.6Li[Li;sMn,3]O,+0.4LiNiMn,Co,..,O, (x < 0.6, y > 0) were syn-
thesized by carbonate co-precipitation and high temperature solid-state reaction. The structures and morphologies of the as-prepared
materials were characterized by X-ray diffraction (XRD), scanning electron microscope (SEM). The results of high temperature in-situ
XRD test show that the lattice parameters change significantly with increasing temperature and Ni content. The cation mixing gets
serious and the spinel phase appears in the high Ni content samples when the temperature is up to 800 °C. Under voltages ranging
from 2.0 to 4.6 V, the lower Ni content sample has the highest discharge capacity of 260.1 mAh- g (the initial coulombic efficiency
of 83.2%) at current density of 20 mA - g, and the discharge capacity retention is up to 99.7% with the relatively smaller voltage de-
cay after 50 cycles.

Key words: carbonate co-precipitation method; lithium-rich manganese based cathode materials; in-situ X-ray diffraction; cation

mixing



