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Fig. S1 (a) Ex situ XRD patterns evolution of NCM523 in the HTS process at 900 ℃. (b) Evolution of the cationic disordering
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Fig. S2 (a) Ex situ XRD patterns evolution of NCM811 in the HTS process at 800 ℃. (b) Evolution of the cationic disordering
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Fig. S3 Evolution of lattice parameters a, c and the c/a ratio with holding time during synthesis of NCM622 at 900 ºC
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Fig. S4 Evolution of lattice parameters a, c and the c/a ratio with holding time during synthesis of NCM523 at 900 ºC
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Fig. S5 Evolution of lattice parameters a, c and the c/a ratio with holding time during synthesis of NCM811 at 800 ºC
[image: ]
Fig. S6 (a) Refined X-ray diffraction pattern of NCM523 sample (900 °C 90 s) and NCM811 sample (800 °C 210 s). (b) Rietveld refinements based on layered phase were carried out and the samples consist of the layered Rm (Li–TM–O2)
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[bookmark: _Hlk142336060]Fig. S7 (a) The calcination temperature curve of NCM622 at 900 °C for 90 s. (b) SEM images of NCM622 samples sintered under the conditions of (c) 900 ℃-0 s, (d) 10 s, (e) 20s, (f) 60 s, (g) 90 s and (h) 120 s, scale bar, 1 μm
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Fig. S8 (a) SEM images of NCM622 at 900 °C for 90 s, scale bar, 1 μm. (b, c) FIB images, scale bar, 500 nm. (d) Enlarged image of internal morphology of the particles, scale bar, 200 nm
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Fig. S9 (a), (a-1) SEM images of precursors, scale bar, 5 μm, 1 μm and (b), (b-1) NCM523 samples sintered under the condition of 900 ℃-90 s, scale bar, 5 μm, 1 μm
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Fig. S10 (a), (a-1) SEM images of precursors, scale bar, 20 μm, 1 μm and (b), (b-1) NCM811 samples sintered under the condition of 800 ℃-210 s, scale bar, 20 μm, 1 μm
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Fig. S11 N2 adsorption and desorption curves of HTS-NCM622 and TF-NCM622
[image: ]
Fig. S12 TEM image for NCM523 (900 °C 90 s) sample, scale bar, 2 nm. The inset images are the fast Fourier transform pattern for the TEM image, scale bar, 2 μm
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Fig. S13 TEM image for NCM811 (800 °C 210 s) sample, scale bar, 10 nm. The inset images are the fast Fourier transform pattern for the TEM image, scale bar, 10 μm
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[bookmark: _Hlk163464643]Fig. S14 (a) FIB-image of NCM622 samples, scale bar, 1 μm. (b) Enlarged image of internal morphology of the particles, scale bar, 200 nm. (c) EELS-Mapping of lithium, scale bar, 200 nm
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Fig. S15 Initial charge and discharge voltage profiles of LiNixCoyMnzO2 at 45℃, 2.8–4.3 V
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Fig. S16 Cycle performances at 45 °C, 2.8-4.3V for the NCM523, NCM622, and NCM811 cathodes obtained using 2032-type coin cells with Li metal as a counter electrode. The cyclic performances of traditional methods are in contrast. (1C = 200 mA g−1)
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Fig. S17 Initial charge and discharge voltage profiles of LiNixCoyMnzO2 at 30 ℃, 2.8–4.5 V
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Fig. S18 Cycle performances at 30 °C, 2.8-4.5V for the NCM523, NCM622, and NCM811 cathodes obtained using 2032-type coin cells with Li metal as a counter electrode. The cyclic performances of traditional methods are in contrast. (1C = 200 mA g−1)
[bookmark: _Hlk143607435]Table S1 Chemical compositions of the rapid synthesized NCM523, NCM622, NCM811 cathodes
	Sample
	ICP-AES (wt%)

	
	Li
	Ni
	Co
	Mn

	NCM523
	7.19
	30.39
	12.21
	17.99

	NCM622
	7.16
	36.33
	12.16
	11.94

	NCM811
	7.13
	48.27
	6.06
	5.95

	Sample
	Measured molar ration

	
	Li
	Ni
	Co
	Mn

	NCM523
	1.036
	0.492
	0.197
	0.311

	NCM622
	1.032
	0.594
	0.198
	0.208

	NCM811
	1.027
	0.796
	0.099
	0.105


[bookmark: _Hlk143607915]Table S2 Structural characteristics were determined from the Rietveld-refined XRD results at different temperatures following the heating profiles of fast synthesis of NCM622
	Material
	a (Å)
	c (Å)
	c/a

	precursor
	3.0543
	4.5660
	1.494

	300℃
	3.0510
	4.5689
	1.497

	500℃
	3.0482
	4.5793
	1.502

	700℃
	2.8983
	14.2812
	4.927

	900℃
	2.8855
	14.2285
	4.931


Table S3 The specific surface area test results
	
	HTS-NCM622
	TF-NCM622

	BET (m2/g)
	0.7797
	0.8125


Table S4 Comparison of cycling stability of LiNixCoyMnzO2 cathodes with the Ni-rich based cathodes reported before for half cells at 30 ℃
	Sample
	1st capacity
(mAh g-1)
	Retention
	References

	NCM523
	172
	94%（2.8-4.3V, 1C, 200 cycles）
	This work

	NCM622
	181
	94%（2.8-4.3V, 1C, 200 cycles）
	This work

	NCM811
	195
	80%（2.8-4.3V, 1C, 200 cycles）
	This work

	NCM523
	173
	96.9%（3-4.3V, 0.5C, 100 cycles）
	[S1]

	NCM622
	185
	94%（3-4.3V, 0.5C, 100 cycles）
	

	NCM811
	204
	81%（3-4.3V, 0.5C, 100 cycles）
	

	SrCO3-NCM523
	163
	90%（2.8-4.3V, 1C, 100 cycles）
	[S2]

	ZrB2-NCM811
	202
	90%（3-4.3V, 1C, 100 cycles）
	[S3]

	RHSNCM523
	155(0.5C)
	92%（2.5-4.3V, 0.5C, 100 cycles）
	[S4]

	RHSNCM622
	167(0.5C)
	90%（2.5-4.3V, 0.5C, 100 cycles）
	

	Li2BO3flux-NCM523
	175
	80%（2.8-4.3V, 1C, 100 cycles）
	[S5]

	NCM523-IE200-PL800
	170.3
	86.2%（2.7-4.3V, 1C, 200 cycles）
	[S6]

	NCM811-BE-LiHMDS
	182(0.5C)
	73.9%（3.0-4.5V, 0.5C, 1000 cycles）
	[S7]

	NCM811-FETT
	200(0.5C)
	68%（3.0-4.6V, 0.5C, 150 cycles）
	[S8]

	NCM811
	195.2
	72.4%（2.7-4.3V, 0.5C, 200 cycles）
	[S9]
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