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gQér{qjgis paper, the phase transformation voltage ranges of two layered oxide ternary cathode
materials, namely, Li(Nig.85C00.10Mng.05)02 (referred to Ni85, presenting high Ni content) and
RigRig-Fogp Miang O2 (referred to Ni60, presenting common low Ni content), were classified and

determined. The structural differences between high Ni and common low Ni ternary materials were
YWehdeERSDrder to understand the structure instability of high nickel material during the charging process.

At the same time, the differential capacity (dQ-d V1) curves of Ni85 and Ni60 positive electrodes during
the charging process were obtained to characterize phase regions, and the corresponding relationship
between the cathode and anode phase transfermations was studied. In addition, the phase
transformation and surface morphology of Ni85 and Ni60 materials were analyzed by X-Ray diffraction
(XRD) and field emission scanning electron microscopy (SEM). It is concluded that the high Ni positive
electrode underwent three phase transformations of H1-M—-H2—-H3 within the normal charging range of
3.0V ~ 4.2V, through which the final product was H3 phase, which is relatively unstable. In the same
charging voltage range, the traditional Ni60 material only experienced the phase transition from H1 phase
to M phase. When overcharged to 4.550 V, Ni60 material could reach H2 phase, and after overcharging to

5.000 V, H3 phase transformation could be completed. The dQ-d V1 curve reflects the above phase
transformation processes, and the variations of characteristic diffraction peaks can be observed on XRD.
The cross section SEM images of fresh and fully charged cathodes showed that, the particle crushing
degree of Ni85 material was obviously greater than that of Ni60 material under the full charge state.
According to the above experimental results, it can be concluded that the H3 phase transformation could
be completed within the normal charging voltage range for Ni85 material. Therefore, the lower phase
transformation voltage threshold of high Ni material accounts mainly for the poor structure stability.
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Figure 1 Charging curves of Ni85 system three-electrode at 0.04 C (A), Ni60 system three-electrode at 0.04 C (B); Differential ca-

pacity (dQ-dV*vs. V) curves of full cell and cathode for Ni85 system (C) and Ni60 system (D). (color on line)
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Table 1 The relationship among Ni85 system full cell dQ-dV* peak potential, cathode potential and anode platform potential

Full cell Cathode vs. Li Voltage Anode platform
dQ-dv*peak No. . . . .
peak potential /V potential/V difference/V potential/V

1 3.393 3.590 0.197 0.202

2 3.618 3.736 0.118 0.112

3 3.908 3.990 0.082
0.080

4 4,102 4.187 0.085
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Table 2 The relationship among Ni60 system full cell dQ-dV* peak potential, cathode potential and anode voltage platform

dQ-dv? Full cell peak Cathode vs. Li Voltage Anode platform
peak No. potential/\V/ potential/\V/ difference/V potential/\V/

1 3.420 3.642 0.222 0.229

2 3.600 3.694 0.094 0.117

3 3.746 3.819 0.073 0.081
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Figure 2 Powder XRD patterns of Ni85 system (A) and Ni60 system (C) at different voltages; The segmented XRD patterns of Ni85

system (B) and Ni60 system (D) at different voltages. (color on line)
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Table 3 Phase, space group and Li content information of Ni85 system at different voltages.

Cut-off voltage wit.(Li/%) Structural formula (Ni85) Phase Space group
3.359V 5.89 % Liogs(NigssC001MnNgs) O, H1 R-3m
3.500 V 5.60 % Lioss(NigssC00:Mnggs) O, M C2/m
3.793V 3.63% Ligss(NiggsC00:MNe) O,

4.007 V 2.35% Lios(NiggsC00:MNe) O, "2 R-3m
4.200 V 1.27% Lio18(NiggsC001MnNgg5) O, H3

R 4 A[EHEEAL Nie0 (KR 1A 25 R Li S fE B

Table 4 Phase, space group and Li content information of Ni60 system at different voltages

Cut-off voltage wt.(Li/%) Structural formula(Ni60) Phase Space group
3.400 V 6.33 % Liges(NieC00,Mn;2)0,
H1 R-3m
3.480 V 5.90 % Liogs(NigeC002Mng,)O,
3.700 V 411% Lioeo(NioeC00,Mng2) O,
M C2/m
3.900 V 3.16 % Ligs(NigeC00,Mny2) O,
. . order-disorder
4.200 V 2.04% Lig2e(NigeC00Mng,) O, transition
. . R-3m
4550 V 1.30 % Lig19(NigsC00,Mng,)0O, H2
5.000 V 0.345 % Liges(NiggC00,Mny2) O, H3
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Figure 3 The relationship between anode voltage platform and cathode phase transition in Ni85 system (A) and Ni60 system (B)
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Figure 4 (A) and (B) are SEM images in the initial state of uncharged for Ni85 (A) and Ni60 (C) positive electrodes, and after charg-

ing to 4.2 V for Ni85 (B) and Ni60 (D) positive electrodes.
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Figure 5 Specific capacity as a function of potential for Ni85
and Ni60 positive electrode materials after charging to differ-
ent voltages (color on line)
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A Comparison in Structural Transformation of
Li[Ni,.CoMn,]O; (x = 0.6, 0.85) Cathode Materials in
Lithium-Ion Batteries

Li-Juan Li*, Zhen-Dong Zhu, Juan Dai, Rong-Rong Wang, Wen Peng
(Hefei Gotion High-Tech Power Energy Co., Lid. Hefei 230012, Anhui, China)

Abstract: In this paper, the phase transformation voltage ranges of two layered oxide ternary cathode materials, namely, Li
(NiggsC010Mng5) O, (referred to Ni85, presenting high Ni content) and Li(NiyC0,,Mn,,)0, (referred to Ni60, presenting common
low Ni content), were classified and determined. The structural differences between high Ni and common low Ni ternary materials
were studied in order to understand the structure instability of high nickel material during the charging process. At the same time,
the differential capacity (dQ -dV*) curves of Ni85 and Ni60 positive electrodes during the charging process were obtained to char-
acterize phase regions, and the corresponding relationship between the cathode and anode phase transfermations was studied. In ad-
dition, the phase transformation and surface morphology of Ni85 and Ni60 materials were analyzed by X-Ray diffraction (XRD)
and field emission scanning electron microscopy (SEM). It is concluded that the high Ni positive electrode underwent three phase
transformations of H1—M—H2—H3 within the normal charging range of 3.0 V ~ 4.2 V, through which the final product was H3
phase, which is relatively unstable. In the same charging voltage range, the traditional Ni60 material only experienced the phase
transition from H1 phase to M phase. When overcharged to 4.550 V, Ni60 material could reach H2 phase, and after overcharging to
5.000 V, H3 phase transformation could be completed. The dQ -dV* curve reflects the above phase transformation processes, and
the variations of characteristic diffraction peaks can be observed on XRD. The cross section SEM images of fresh and fully charged
cathodes showed that, the particle crushing degree of Ni85 material was obviously greater than that of Ni60 material under the full
charge state. According to the above experimental results, it can be concluded that the H3 phase transformation could be completed
within the normal charging voltage range for Ni85 material. Therefore, the lower phase transformation voltage threshold of high Ni
material accounts mainly for the poor structure stability.

Key words: lithium-ion batteries; high-Ni layered oxide cathodes; phase transitions
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