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Figure S1. XRD pattern of h-BN.

Table S1. Rietveld refinement results of pristine NCM.

Sample NCM
Rwp (%) 1.39
a(h) 2.87157
c(R) 14.19595
cla 4.94362
Volume (A 3) 101.375
Atom Site X y z Occupancy
Mn 0.05
Co 0.12
3a 0 0 0
Ni 0.819
Li 0.0111(4)
Li 0.989
3b 0 0 1/2
Ni 0.0111(4)
0 6C 0 0 0.25700(4) 1




Table S2. Rietveld refinement results of NCM@PB.

Sample NCM@PB
Rwp (%) 1.49
a(d) 2.87199
c(d) 14.19788
c/a 4.94357
Volume (A 3) 101.419
Atom Site X y z Occupancy
Mn 0.05
Co 0.12
3a 0 0 0
Ni 0.819
Li 0.0105(5)
Li 0.989
- 3b 0 0 1/2
Ni 0.0105(5)
O 6c 0 0 0.25757(4) 1

Figure S2. SEM images of (a) h-BN, (b) Super P and (c) calcined PVDF.
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Figure S3. TGA curve of PVDF under Nz-atmosphere.

Figure S4. Solubility change of PVDF and 320°C calcined PVDF in NMP.
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Figure S5. Rate capability of pristine NCM and NCM@PB (2.5-4.3V, error bars:
standard deviation of three cells).
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Figure S6. (a) Cycling performance of pristine NCM, NCM@P, NCM@PB at 1C-
rate (2.5-4.3V; error bars: standard deviation of three cells) under room temperature;

(b) Normalized cycling performance of NCM@P.
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Figure S7. Normalized 1C-rate voltage profiles at different cycles of (a) pristine
NCM and (b) NCM@PB.



NCM/Graphtite
45
S 40t
N
ko e
% 35 3" ("F.;)s‘zvu
S 35 A
—_1
—2
3.0 3
L n n 1 1 n
0 50 100 150 200 250
. . -1
Specific capacity (mAh g )
b
( ) N CI\l@}PB/Gtaphite
45+ i
40t
S
st _ -
e
% 3.5 ;"’ 6.12‘798‘?"/"
SR J = b7
-
—1
—2
3.0 - 3
I I 1
0 50 100 150 200 250

Specific capacity (mAh g')

Figure S8. Formation cycles of (a) NCM/Graphite and (b) NCM@PB/Graphite full
cells at 0.1C-rate.
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Figure S9. Normalized cycling performance of pristine NCM and NCM@PB at 1C-
rate (2.5-4.3V; error bars: standard deviation of three cells).
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Figure S10. Ex situ Ni Ls-edge spectra of pristine NCM during charging of the 1%

cycle.
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Figure S11. Self-discharge curves of pristine NCM and NCM@PB. Both cells were
first charged to 4.3V and rest for 1 week. The voltage of both cells was recorded
while resting. Note that the initial voltage is lower than 4.3V due to depolarization
effect.



0 K—cn%lge ('l‘E;Y)

Li,CO,

LiOH

Ni(OTI),

Normalized absorption (a.u.)

526 528 530 532 534 536 538 540 542
Energy (eV)

Figure S12. O K-edge spectra of LioCOs, LiIOH, Ni(OH)2, NiO and NiOx.
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Figure S13. Ex situ O K-edge spectra of pristine NCM during charging of the 1%

cycle.



Table S3. Summary of modification on Ni-rich cathodes

Surface
Process Voltage range Cycle stability Full cell
modification Method Cathode Thermal stability Ref.
temperature (time) (V v.s. Li*/Li) (25°C) performance
material
Zr+ Doping 73.0%, 150 at 1C
500 °C (6hr) —
AR* Doping 3.0-4.3v 74.7%, 150" at 1C N.A. N.A. !
830 °C (12hr)
Zr AR Doping 89.7%, 150" at 1C
480 °C (5hr) —
Mg? Doping 84.5%, 200™ at 2C
750 °C (15hr)
LisPO4 Coating 480 °C (N.A) 80.5%, 200™ at 2C
2.8-4.3V N.A. N.A. 2
480 °C (5hr) —
Doping
Mg?*/LisPO4 LiNios3C00.11MnosO2 | 750 °C (15hr) — 90.0%, 200" at 2C
+Coating
480 °C (N.A)
480 °C (5hr) —
Nb5* Doping 28-4.3V 86.6%, 200" at 1C N.A. N.A. 3
750 °C (15hr)
Doping
Mo®*/Li2MoO4 500 °C (12hr) 2.7-4.3V 90.22%, 100" at 1C N.A. N.A. 4
+Coating
80 °C (5hr) — 750
WwWe* Doping 2.8-4.3V 69.9%, 500" at 2C N.A. N.A. 5

°C (15hr)




15 °C-delayed decomp. temp.

Doping 480 °C (5hr) —
Ti**/LaNiLiOs 2.7-4.3V 90.55%, 200" at 1C | 43%-decreased heat release. N.A. 6
+Coating 830 °C (12hr) .
16%-decreased maximum heat flow.
11 °C-delayed decomp. temp.
480 °C (5hr) —
LiAIO; Coating 2.8-4.3V 85.8%, 200t at 0.5C | 47%-decreased heat release. N.A. 7
750 °C (15hr) .
10%-decreased maximum heat flow.
) 6 °C-delayed decomp. temp.
LisPOs-AIPOs- LiNiosC00.1Mno.10z 71.8%, 100t
Coating 600 °C (6hr) 3.0-4.3Vv 85.4%, 50" at 0.5C 22%-decreased heat release. 8
Al(POs)3 . at0.5C
24%-decreased maximum heat flow.
14 °C-delayed decomp. temp.
Li2MnOs Coating 850 °C (5hr) 2.7-4.3V 80.4%, 500" at 1C 45%-decreased heat release. N.A. 9
27%-decreased maximum heat flow.
500 °C (5hr) —
MgHPO4 Coating 3.0-4.3Vv 86.3%, 100" at 0.5C N.A. N.A. 10
750 °C (15hr)
40 °C-delayed decomp. temp.
80%-capacity
44%-decreased heat release. This
h-BN Coating | LiNio.83C00.12Mno.0s02 320 °C (0.5hr) 25-4.3V 92.0%, 200t at 1C mark: 360t
41%-decreased maximum heat work
cycle at 0.3C

flow.
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