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Abstract : Layered Ni-rich NCM cathode materials Li[NiCoy_x)2Mn(i42]O> (x = 0.6) have advan-
tages of high energy density and cost competitive over LiCoO,. The discharge capacity of NCM
increases proportionally to the Ni contents. However, there is a problem that it is difficult to real-
ize the stable electrochemical performance due to cation mixing. In this study, synthesis conditions
for the layered Ni-rich NCMs are investigated to achieve deliver the ones having good electro-
chemical performances. Synthesis parameters are atmosphere, lithium source, synthesis time, syn-
thesis temperature and Li/M (M=transition metal) ratio. The degree of cation mixing gets worse
as the Ni content is increased from Li[NigsC092Mng2]O,; (NCM6) to Li[NiysCop1Mng]O;
(NCMB). It is confirmed that higher level of cation mixing affects negatively on the electrochem-
ical performance of NCMs. Optimum synthesis conditions are explored for NCMx (x=6, 7, 8)
in order to reduce the cation mixing. Under optimized conditions for three representative NCMXx,
a high initial discharge capacity and a good cycle life are obtained for 180 mAh-g”, 96.2% (50
cycle) in NCM6, 187 mAh-g', 94.7% (50 cycle) in NCM7, and 201 mAh-g', 92.7% (50 cycle)
in NCMB8, respectively.
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Fig. 2. SEM images of (a) (NiycCoy>Mn,,)OH, precursor
and synthesized NCM6 powders: (b) Li/M=1.03, (c) Li/

M=1.05.
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Fig. 1. Powder XRD patterns of synthesized NCM6s with various synthesis conditions: (a) whole range of 2 theta (10-80

degree) and (b) specific region of 2 theta (60-70 degree).
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Fig. 3. Electrochemical properties of NCM6s: (a) initial charge-discharge curves, (b) cycle performance at 25°C. The
applied current density across the cell was 18 mA-g™ (0.1C), 180 mA-g” (1C) in the voltage range of 2.5-4.3 V (vs. Li/Li").
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Fig. 6. Electrochemical properties of NCM7s: (a) initial charge-discharge curves, (b) cycle performance, and (c) rate
characteristics at 25°C. The applied current density across the cell was 19 mA-g" (0.1C), 95 mA-g" (0.5C), 190 mA-g"
(1C) and 380 mA-g” (2C) in the voltage range of 2.5-4.3 V (vs. Li/Li").
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Fig. 9. Electrochemical properties of NCMS8s: (a) initial charge-discharge curves, (b) cycle performance, and (c) rate
characteristics at 25°C. The applied current density across the cell was 20 mA-g” (0.1C), 100 mA-g” (0.5C), 200 mA-g"
(1C) and 400 mA-g"! (2C) in the voltage range of 2.5-4.3 V (vs. Li/Li").
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Table 1. Results of structure analysis on NCMs synthesized with optimum conditions.

D C"“(llpc"li;“"“ Atm.  Li-source Time(h) Temp.(°C) LM LiM(ICP) cBa  Toos/los
NCM6 Ni()_ﬁ();CO(]_[()ng’l(]_l()g air LizCO} 40 900 1.03 1.01 1.6531 1.3984
NCM7  Nige9COq140Mng 150 O, LiOH 40 850 1.03 1.02 1.6522 1.3459
NCM8  Nig706COq.140Mng 150 O, LiOH 40 850 1.11 1.05 1.6515 1.3221
(a) (b) (c)
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Fig. 10. Electrochemical properties of NCMx (x=6, 7, 8): (a) initial charge-discharge curves, (b) dQ/dV curves of the 1st

cycle and (c) cycle performance at 25°C.
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