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1. Calculation method of B,O; coatings’ average thickness

The average thicknesses of the B,O5 coatings can be calculated through the total
volume of the B,0O; and the total surface area of the particles. The total volume of B,0;
coatings can be calculated via the mass and density of B,Os coatings. The mass of the
B,0O; coatings can be calculated via the concentration of the B and the mass of the
particles. Hence, the calculation formula can be derived as below:

T =C(2Ug+3Up)/2pAUg

T — Average thicknesses of B,O; coatings;
C — B mass concentration in particles;
A — Specific surface area of particles;
p — Density of B,03, 1.84 g/cm3;
Ug — atomic mass of B, 11;

Up — atomic mass of O, 16.



Table S1. Parameters of SC83, LiOH, and Li,COj particles.

. B Concentration Specific Surface Area
Particles
(%0) (m?/g)
SC83 0.544 0.64
LiOH 8.677 2.68
Li,CO; 0.240 0.36
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Figure S1. Mass uptake during the B,O; ALD on the SC83 particles.
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Figure S2. (a) Mass uptake during the B,O; ALD on the Al,Os. (b) Mass uptake from

each B,O; ALD cycle on the Al,Os.
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Figure S4. STEM images of the (a) 6B and (b) 6B-A SC83 particles. The EDS spectra

of the marked locations are shown at the right of the corresponding STEM images.
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Figure S5. (a) TEM and (b) HR-TEM and (c) STEM images of the 12B SC83 particles.
The EDS spectra of marked locations are shown at the right of the corresponding STEM

images

B1s

M

i 1 " 1 " 1 i
196 194 192 190 188
Binding energy (eV)

Intensity (a.u.)

Figure S6. B 1s XPS spectra of the B,0; coated Li,CO5 and LiOH with 6 ALD cycles.
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Figure S7. C 1s XPS spectra of the bare, 6B and 6B-A SC83 particles.
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Figure S8. pH of the bare, bare-A, bare-W, 6B and 6B-A SC83 slurry.

The SC83 particles in the bare-W SC83 slurry come from the bare SC83 particles
after being washed by deionized water, which have no attached alkaline compounds.
The bare-W SC83 slurry still shows basicity. It is attributed to the H™ in water exchange
the Li* in the SC83, which induces the OH- in the bare-W SC83 slurry!. The pH of the
6B SC83 slurry is higher than the bare SC83 slurry, while lower than the bare-W SC83
slurry. It indicates the alkaline compounds are reduced while still exist on the surface
of the SC83. Besides, the pH of the 6B SC83 slurry is lower than the 6B-A SC83 slurry,
which is attributed to the B,O; coatings on the 6B SC83 dissolving and consuming the
OH- in the slurry. For 6B-A SC83, the B,O3 coatings have been transformed into B3*
doping. Hence, the pH of 6B SC83 slurry is lower than the 6B-A SC83 slurry.
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Figure S9. XRD Rietveld refinements of the (a) bare, (b) 2B, (c) 6B, (d) 12B, (e)

bare-A, (f) 2B-A, (g) 6B-A, (h)12B-A SC83 particles.

Table S2. Lattice parameters of the bare, B,O3; ALD coated, annealed, and B,O; ALD

coated coupled with annealed SC83 particles.

Sample a(A) c(A) V (A3 Nig; (%) Ry (%) R, (%)
bare 2.8717 14.1820 101.29 4.60 3.75 2.65
2B 2.8716 14.1816 101.28 4.72 2.81 2.08
6B 2.8717 14.1820 101.28 4.67 4.26 2.85
12B 2.8717 14.1821 101.28 4.55 2.84 2.12
bare-A 2.8717 14.1820 101.29 4.46 2.97 2.19
2B-A 2.8724 14.1862 101.36 2.80 3.54 242
6B-A 2.8742 14.1964 101.56 1.43 3.26 2.48
12B-A 2.8740 14.1952 101.55 2.23 4.04 2.73
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Figure S10. (a) Rate capability of the bare, 2B, 6B, and 12B SC83 cathodes. (b) Rate
capability of the bare, 2B-A, 6B-A, and 12B-A SC83 cathodes. (c) Cycling stability of
the bare, 2B, 6B, and 12B SC83 cathodes at 1C. (d) Cycling stability of the bare, 2B-
A, 6B-A, and 12B-A SC83 cathodes at 1C.
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Figure S11. Electronic conductivity of the bare, annealed, annealed, B,O; ALD coated

coupled with annealed SC83 particles at 20 MPa.
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Figure S12. Discharge curves of the (a) bare, (b) 6B, and (c) 6B-A SC83 cathodes

during the cycling.
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Figure S13. Repeated (a) rate capability and (b) cycling stability of bare and 6B-A

SC83 cathodes. Each cathode repeats in three cells.
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Figure S14. Discharge capacity of the bare and 6B-A SC83 cathodes before and after
storage at 60°C for 12h.
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Figure S15. (a) Rate capability of the bare and bare-A SC83 cathodes. (b) Cycling
stability of the bare and bare-A SC83 cathodes at 1C.
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Figure S16. GITT curves of the (a) bare, (b) 2B-A, (¢) 6B-A and (d) 12B-A SC83
cathodes. Enlarged voltage profiles for a single step of GITT curves during the charge

process of the(e) bare, (f) 2B-A, (g) 6B-A and (h) 12B-A SC83 cathodes.



The Li* diffusivity (Dr;") is calculated by the recorded GITT curves. The coin cells
were firstly given a galvanostatic current of 0.1C in 20 minutes, and then followed by
a relaxation time of 60 minutes to reach electrochemical equilibrium. This operation is
repeated until the end of the voltage window. Figure S16e shows a single step of GITT
curves during the charge process of the bare SC83 cathode. Dy ;" can be calculated using
the simplified formula as follow:

D" = 4 (mpV/MBA)*(AEJAE,)?
mpg — mass loading of SC83, g;
Vu — molar volume of SC83, cm3/mol;
Mp — molecular weight of SC83, g/mol;
A — contact area of the electrode, cm?;
AE — voltage difference between the end of adjacent relaxation step;

AE.— voltage difference between the start and end of each charge or discharge step;
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Figure S17. Li* diffusivity of the bare, 2B-A, 6B-A, and 12B-A SC83 cathodes during
the discharge process.

The result is similar with the Li* diffusivity of the bare, 2B-A, 6B-A, and 12B-A
SC83 cathodes during the charge process. The difference is that the Li* diffusivity of
all SC83 cathodes during the discharge process is higher than which during the charge
process. It is attributed to higher kinetics for Li* insertion than extraction in the highly
delithiated SC83 cathode. Besides, an obvious valley is found around 4.2V, which is
attributed to lower kinetics for Li" insertion during the phase transition process

compared to the solid solution process.
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Figure S18. XRD patterns of the bare, 2B-A, 6B-A and 12B-A SC83 cathodes at (a)

4.1 Vand(b)4.4V.
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Figure S19. Z’ vs ® %7 plots in the low-frequency region obtained from the EIS

spectra of the bare and 6B-A SC83 cathodes in Figure 6c.

Figure S20. SEM images of the (a) bare and (b) 6B-A SC83 cathodes recovered from

the coin cells after cycling.




Figure S21. (a) TEM and (b) HR-TEM of the bare SC83 cathode recovered from the
coin cells before cycling. (c) TEM and (d) HR-TEM images of the 6B-A SC83 cathode
recovered from the coin cells before cycling. HR-TEM images of the 6B-A SC83
cathode recovered from the coin cells after cycling. The FFT spectra of the marked

locations are shown at the right of the corresponding HR-TEM images.

Table S3. The capacity release ability of Ni-rich cathodes at 0.1 and 1 C in this study

compared to literature reports.

. Modification Test 0.1C 1C
Year Cathode material . . .
strategy Conditions Capacity Capacity
This single-crystal B,0; ALD and 3.0-45V, 204.7 177.6
work  LiNigg3C0y.12Mny 50, post-annealing 21°C mAh/g mAh/g
20222 Polycrystalline H;BO; wet coating  2.75-4.3V, 200.5 170
LiNiy3Cog1Mng 10, and post-annealing 25°C mAh/g mAh/g
20213 Polycrystalline H;BO; wet coating  3.0-4.3 'V, 196.9 172.5
LiNiy3Co¢1Mng 10, and post-annealing 25°C mAh/g mAh/g
2020° polycrystalline B,0; dry coating 2.5-43V, 204 175
LiNig3C00.12MngsO,  and post-annealing 25 °C mAh/g mAh/g
olycrystalline 3.0-43V, 180 138.5
2025 POV B3 doping
LiNig sCo¢ 1Mng 10, 25°C mAh/g mAh/g
1 talli LilnO ting, I 2.7-45V, 183
20236 . Po ycrystalline ilnO; coa m'g n N/A
LiNig gsMng goAlg 0602 and Sn doping 30 °C mAh/g
20227 single-crystal Li,TiO; coating 2.7-43 V, 205.9 176
LiNij g3Cog 12Mng 950, and Ti doping 25 °C mAh/g mAh/g
single-crystal . . 2.75-43V, 190.5 163.6
20228 . BaTiO; coating
LiNiy3Co¢1Mng 10, 25°C mAh/g mAh/g
1 talli 2.7-43V, 216.1 180.8
2020° ) I.)O yerystatme SO, treatment
LiNi 91 C09.06Mn 030> 25°C mAh/g mAh/g
olycrystalline 2.8-43V 197.5 171
202210 POV F- doping
LiNij 3Cog 15Alp 050, 25°C mAh/g mAh/g
olycrystalline 2.7-43V 191.8 167
20211 poyely Zn?" doping

LiNi0_815C00'15A10'03502 25 °C mAh/g mAh/g
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polycrystalline 2843V 191.6 173.6

201912 Na* doping

LiNio_gCOo'ano'IOZ 25°C mAh/g Il'lAh./g

10.

11.

12.
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