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Abstract — In order to investigate the electrochemical properties and the particle size effect of LiNij_,.,Co,ALO,
(x=0.15, y=0.045 or 0.05, NCA) for lithium ion batteries (LIBs), two commercial NCA cathode materials (NCA#I,
NCA#2) were used as cathode materials for LIB. The average particle size of the NCA#1 which consisted of uniform
spherical particles was found to be approximately 5 pm. NCA#2 consisted of particles with bimodal size distribution of
approximately 5 pm and 11 um. From the results of charge-discharge performance test, a high initial discharge capacity
of 197.0 mAh/g was obtained with NCA#2, which is a higher value than that with NCA#1. The cycle retentions of
NCA#1 and NCA#2 up to 30 cycles were 92% and 94%, respectively.
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Fig. 1. FE-SEM images of commercial NCA powders; (a) and (c) are analyzed with NCA#1 at low and high magnifications. (b) and (d) are

analyzed with NCA#2 at low and high magnifications.
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Fig. 2. Particle size distributions of NCA#1 and NCA#2 powders.
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Fig. 3. Electrical conductivity with applied pressure for the NCA#1
and NCA#2 powders.

Table 1. Structural and lattice parameters of NCA#1 and NCA#2 powders
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Fig. 4. XRD patterns of NCA#1 and NCA#2 powders.
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Main Element (mol%)

Samples Ni Co Al c(A) V (A% c/a Too3y X104y
NCA#1 80.5 15.0 4.5 14.1905 101.2884 4.9430 1.8308
NCA#2 81.5 15.0 35 14.1980 101.2508 4.9478 1.8515
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Fig. 5. Electrochemical performance of NCA#1 and NCA#2 electrodes used in lithium ion batteries. (a) Cyclic voltammograms after the first
cycle and the 30" cycle at a scan rate of 0.1 mV/s at 25 °C; charge-discharge curves of (b) NCA#1 and (c) NCA#2 with different
cycles; (d) cycling performance with cutoff voltage of 3.0~4.3 V at a current density of 0.1 C rate.
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Fig. 6. Electrochemical impedance spectroscopy (EIS) of NCA#1 and
NCA#2 electrode used in lithium ion batteries (a) before the
electrochemical test and (b) after the 30 cycle at discharge
state. The frequency range from 100 MHz to 0.5 mHz with
an input signal amplitude of 10 mV.
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Fig. 7. Cross-sectional FE-SEM images of the electrodes; (a) fresh
NCA#1, (b) NCA#1 after the 100™ cycle at discharge state,
(c) fresh NCA#2 and (d) NCA#2 after the 100™ cycle at dis-
charge state. Cross-sectional focused ion beam generated
images of the electrodes; (e) fresh NCA#1, (f) NCA#1 after
the 100" cycle at discharge state, (g) fresh NCA#2 and (h)
NCA#2 after the 100™ cycle at discharge state.
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Table 2. Resistance values obtained from equivalent circuit fitting of experimental data for NCA#1 and NCA#2

Samples R, (Q) R, (Q) R, (Q) R, (Q) Z,y (mMho)
NCA#1-Fresh 272 / 9] 201 1.84
NCA#2-Fresh 2.01 / 33 207 491

NCA#1-10cycles 3.60 455 202 375 120
NCA#2-10cycles 342 2.98 158 198 110
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