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A Study on the Development of Nanorod-Type Ni-Rich Cathode Materials by
Using Co-Precipitation Method
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Abstract: Ni-rich cathode materials have been developed as the most promising candidates for next-generation cathode materials
for lithium-ion batteries because of their high capacity and energy density. In particular, the electrochemical performance of
lithium-ion batteries could be enhanced by increasing the contents of nickel ion. However, there are still limitations, such as low
structural stability, cation mixing, low capacity retention and poor rate capability. Herein, we have successfully developed the
nanorod-type Ni-rich cathode materials by using co-precipitation method. Particularly, the nanorod-type primary particles of
LiNio.7Co0.1sMno.1502 could facilitate the electron transfer because of their longitudinal morphology. Moreover, there were holes
at the center of secondary particles, resulting in high permeability of the electrolyte. Lithium-ion batteries using the prepared
nanorod-type LiNio.7Coo.1sMno.1502 achieved highly improved electrochemical performance with a superior rate capability
during battery cycling.
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Table 1. The co-precipitation conditions for synthesis of Nio.7Coo.1sMno.1s(OH)2 precursor for nanorod-type LiNio.7C00.1sMno.1502.

Mol ratio Flow rate
Reaction condition Solution composition (mol/L)
Setting (ml/hr)
rpm pH T(C) Gas NH+OH NaOH MSO4 NaOH/MSO4 NaOH NH4OH MSO4
1 1,200 11 50 N2 0.2 2 2 1 280 30 300
2 1,200 11 70 N2 0.2 2 2 1 280 30 300
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Fig. 1. SEM images of Nio.7Co0.1sMno.1s(OH)2 precursor based on different co-precipitation conditions: (a) SEM image and (b) its high
magnification image of LT-Nio.7Co00.1sMno.15(OH)2 precursor, which was co-precipitated at low temperature (50 C), (c) SEM image and (d) its
high magnification image of HT-Nio.7C00.1sMno.15(OH)2 precursor, which was co-precipitated at high temperature (70 C).
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Fig. 2. Powder XRD patterns of nanorod-type LiNio.7Co0.1sMno.1502 based on different co-precipitation conditions: (a) powder XRD pattern of
nanorod-type LT-LiNio.7C00.1sMno.1502 and (b) powder XRD pattern of nanorod-type HT-LiNio.7C00.15Mno.1502.
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Fig. 3. SEM and FIB images of nanorod-type LiNio.7Co0.1sMno.1502 based on different co-precipitation conditions: (a) SEM and (b) FIB images
of nanorod-type LT-LiNio.7C00.1sMno.1502 based on LT-Nio.7Co0.1sMno.15(OH)2 precursor, which was co-precipitated at low temperature (50 C),
(c) SEM and (d) FIB images of nanorod-type HT-LiNio.7C00.1sMno.1sO2 based on HT-Nio.7Coo.1sMno.1s(OH). precursor, which was co-

precipitated at high temperature (70 C).
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Fig. 4. FIB images of nanorod-type HT-LiNio.7C00.1sMno.1502 based on HT-Nio.7C00.1:Mno.15(OH)2 precursor, which was co-precipitated at
high temperature (70°C) [FIB images and their high magnification images for holes at the center of various secondary particles of nanorod-
type HT-LiNio.7Co0.1sMno.1502 including (a, b) particle 1 and (c, d) particle 2, respectively].
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