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Abstract Ni;;Co;3Mn;;3(OH), powders have been synthesized in a continuously stirred tank reactor via a co-precip-
itation reaction between aqueous metal sulfates and NaOH using NH;OH as a chelating agent. The co-precipitation tem-
perature is varied in the range of 30-80°C. Calcination of the prepared precursors with Li,CO; for 8 h at 1000°C in air

results in Li Nij;3Coy3Mn;30, powders. Two kinds of obtained powders have been characterized by X-ray diffraction

(XRD), scanning electron microscopy, particle size analyzer, and tap density measurements. The co-precipitation tem-

perature does not differentiate the XRD patterns of precursors as well as their final powders. Precursor powders are

spherical and dense, consisting of numerous acicular or flaky primary particles. The precursors obtained at 70 and 80°C

possess bigger primary particles having more irregular shapes than those at lower temperatures. This is related to the

lower tap density measured for the former. The final powders show a similar tendency in terms of primary particle

shape and tap density. Electrochemical characterization shows that the initial charge/discharge capacities and cycle life

of final powders from the precursors obtained at 70 and 80°C are inferior to those at 50°C. It is concluded that the opti-

mum co-precipitation temperature is around 50°C.
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Fig. 1. Configuration and assembly sequence of coin cell.
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Fig. 2. XRD patterns of precursor powders with different co-
precipitation temperatures. (Intensity: arbitrary unit.)
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Fig. 3. XRD patterns of positive electrode materials from
precursors with different co-precipitation temperatures.
(Intensity: arbitrary unit.)
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Fig. 4. SEM images of the precursor powders prepared for various times at different co-precipitation temperatures.
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Fig. 5. Magnified SEM images of the precursor particles prepared for 48 h at different co-precipitation temperatures.
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Table 2. Particle size analysis data of precursors with different co-precipitation temperatures.

30°C 50°C 60°C 70°C 80°C
D10 11.30 pm D10 9.23 um D10 11.18 pm D10 9.36 um D10 7.42 pm
D50 12.38 um D50 11.22 pm D50 12.28 um D50 10.53 um D50 10.67 um
D90 14.12 pm D90 14.59 pm D90 13.96 pm D90 12.42 pm D90 14.12 pm
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Table 3. Tap density of precursor and positive electrode
powders with different co-precipitation temperatures.

Temperature precursor powder positive electrode Difference

) (A) (g/ec)  powder (B) (g/cc)  (B-A)

30 1.47 1.77 0.30

50 1.94 2.23 0.29

60 1.78 2.02 0.24

70 1.81 2.00 0.19

80 1.78 1.82 0.16
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Fig. 7. Initial charge/discharge curves of positive electrode materials from precursors with different co-precipitation temperatures.
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Table 4. Initial charge/discharge capacity and efficiency of posi-
tive electrode materials from precursors with different co-pre-
cipitation temperatures.

Temperature Charge capacity Discharge capacity Efficiency

(°C) (A) (mAh/g) (B) (mAh/g)  (B/A) (%)

30 179.54 159.03 88.6

50 175.04 158.65 90.6

60 170.98 150.44 88.0

70 172.85 154.22 89.2

80 172.94 148.80 86.0
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Fig. 8. Cycling performance of positive electrode materials from precursors with different co-precipitation temperatures.
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Table 5. Capacity retention (%) vs number of cycles for
positive electrode materials from precursors with different
co-precipitation temperatures.

No. of = 53000 50°C 60°C 70°C 80°C
cycles
1 100 100 100 100 100
5 99.0 99.6 99.6 99.0 98.7
10 98.0 99.1 99.9 98.0 972
15 97.2 98.1 99.6 96.9 96.2
20 98.1 98.4 99.5 96.0 95.2
25 98.4 97.7 99.7 94.8 94.4
30 97.4 976 98.7 94.3 93.3
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