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Experimental Section

Synthesis of LLO and KP-LLO.

Synthesis of the precursor of LLO (Li; ;Niy ;3Cog,;3Mn 5405): The precursor of LLO
was obtained by mixing Mny/Ni;6Co1,CO; (TMCO3) and Li,CO; (mass ratio, TMCO;
: Li,CO;5 = 100 : 49), which was purchased from Jiang su Hai 'an zhichuan battery
material technology co., LTD.

Synthesis of the precursor of KP-LLO: The precursor of KP-LLO was obtained by
mixing MnyNiCo;16CO5; (TMCO3), Li,CO;3, and KH,PO, (mass ratio, TMCO; :
Li,CO;5 : KH,PO4 =100 : 49 :1.46).

The NFTS process: In this process, the precursor was placed on a nickel foil heater
(nickel foil, 5 cm x 2 cm) driven by a DC power supply (MP50100D) in the air
atmosphere. Then the precursor was calcined in a two-step process to produce the
cathode material, including precalcination (~660 °C for ~54 s) and calcination (~970
°C for ~43 s). The temperature of the heater can be tuned by adjusting the current and
voltage and measured by a laser infrared thermometer (Sanya Kechuang Future
Technology).

Carbon-based Joule heating: The process is similar to that of NFTS except that carbon
cloth is used as the heating medium.

Materials Characterization.

Inductively coupled plasma-optical emission spectrometry (ICP-OES) was employed
to measure the chemical composition of the materials. The crystal structures of the
materials were characterized by powder X-ray diffraction (XRD) on a D8 Advanced X-
ray diffractometer with Cu Ka radiation at 40 kV and 40 mA. Rietveld refinements of
the XRD patterns were obtained using EXPGUI software.! The morphologies of the
materials were observed by using field emission scanning electron microscopy (FSEM,
s4800). X-ray photoelectron spectroscopy (XPS, Axis Supra) was used to analyze the
surface chemical properties of the materials, and all the XPS spectra were calibrated
with the C 1s peak (284.6 eV). The valence states of Mn ions were calculated using the

following equation: AOS=8.956-1.126AE (AE: the splitting energies between the Mn
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3s peak and its satellite peak). Transmission electron microscopy (TEM, JEM-2100F)
equipped with an energy dispersive X-ray spectrometer (EDS) was used to observe the
microstructures and elemental distributions of the materials. Raman spectra were
analyzed using a Raman laser spectrometer (Renishaw) with an excitation wavelength
of 532 nm. Fourier transform infrared (FTIR, Alpha II, Germany) spectra was used to
investigate the surface structure of the materials. The oxygen release during the initial
charging process was detected by operando differential electrochemical mass

spectrometry (DEMS, Linglu Instruments (Shanghai) Co., Ltd.).
Electrochemical measurements.

The cathode was prepared by mixing LLO (or KP-LLO) as the active material,
polyvinylidene fluoride as the binder, and Super P as the conductive agent in a mass
ratio of 8:1:1 into a homogeneous slurry in N-methyl-2-pyrrolidone (NMP) by using
magnetic stirrer. The obtained slurry was cast on carbon-coated aluminum foil and
vacuum dried at 100 °C overnight. Then the dried electrodes cut into circular pieces
with a diameter of 9 mm. CR2032 half cells were assembled in an argon-filled glove
box using the prepared cathode, microporous polypropylene membrane (Celgard 2500)
as the separator, lithium metal anode, and the electrolyte of 1 M LiPF¢ and 0.2 M
LiDFOB dissolved in FEC and DEC (4:6 by volume). The charge—discharge tests were
performed on a typical NEWARE battery test station in the voltage range between 2.0
and 4.7 V with different current densities (1C = 200 mAh g!). Electrochemical
impedance spectroscopy (EIS) was measured using the Solartron 1470 Electrochemical
Interface with an amplitude of 5 mV and a frequency range of 0.1 Hz to 1 MHz. After
activation of the first cycle at 0.1C, galvanostatic intermittent titration (GITT)
experiments were performed with a constant current density of 0.1C for 10 min

followed by 40 min relaxation in the voltage range of 2.0-4.7 V.
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Fig. S1. (a) The temperature versus time curve in the carbon-based Joule heating
process and (b) Photograph after the calcination process. In the carbon-based Joule
heating process, due to the poor thermal stability of the carbon cloth, the constant
temperature lasts only about 12 s after the heating process and the temperature
continues to rise afterwards.
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Fig. S2. The temperature versus time curve in the NFTS process. In the NFTS process,
due to the excellent thermal stability of the nickel foil, the temperature in the constant
temperature zone can be kept almost the same at different cycles, which enables

continuous synthesis of KP-LLO.
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Fig. S3. Temperature curve of the synthesis process of KP-LLO by using carbon-based

Joule heating.
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Fig. S4. XRD pattern of the calcined precursor of KP-LLO by using carbon-based Joule

heating.
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Fig. S5. XPS spectra of Ni 2p for KP-LLO and LLO.
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Fig. S6. XPS spectra of Mn 3s for KP-LLO and LLO.
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Fig. S7. XPS spectra of Co 2p for KP-LLO and LLO.
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Fig. S8. SEM images for (a) LLO and (b) KP-LLO.
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Fig. S9. The cycling performance at 5C after one cycle of activation at 0.1C for KP-
LLO and LLO.
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Fig. S10. The discharge curves of (a) LLO and (b) KP-LLO at different cycles at 2C.
The corresponding dQ/dV curves of (¢) LLO and (d) KP-LLO.
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Fig. S11. (a) Equivalent circuit and (b) Nyquist plots after 1cycle at 0.1C for LLO and
KP-LLO.
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Fig. S12. GITT curves of KP-LLO and LLO for the second cycle at 0.1C.
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Fig. S13. Li* diffusion coefficient in (a) the charge and (b) the discharge process for

the second cycle at 0.1C.
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Fig. S14. In situ XRD patterns of LLO during first charge-discharge process.
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Fig. S15. In situ XRD patterns of KP-LLO during first charge-discharge process.
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Table S1. Comparison of calcination time of LLO-based materials.

LLO- ) Calcination ti
0 be.lsed Synthesis method ACMATONHME  p eference
material (h)
KP-LLO NFTS 0.027 This work
(BO4)*- doping Sol-gel 19 2
ellike oh
Spinel 11k.e prase Co-precipitation 17 3
coating
AP doping Self-combustion reaction 23 4
Mg?* doping Co-precipitation 18 5
Surface oxygen Co-precipitation and 30 6
vacancies gas—solid interface reaction
Ru*" doping Solid-state reaction 15 7
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Table S2. ICP-OES results of LLO and KP-LLO.

Measured molar ratio

Sample
Li Ni Co Mn K P
LLO 1.2035 0.1333 0.1332 0.5411 - -
KP-LLO 1.1967 0.1325 0.1326 0.5408 0.0101 0.0098
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Table S3. Rietveld refinement results of XRD patterns for KP-LLO and LLO.

Sample LLO KP-LLO
a(A) 2.8503 2.8507
c(A) 14.2326 14.2352
c/a 4.9934 4.9936
V (A?) 100.1390 100.1800
Ni in Li layer (%) 2.5 11.1
LiLioz) (A)? 2.2280 2.3906
Ryp(%) 8.6 9.4

*The Li layer space (ILio2) of the layered structure is calculated according to the two
equations (Spvoz) = 2[(1/3) - Zox]*¢; LiLio2y= (¢/3) - Spmon)) reported in previous studies.®
Simo2) 1s the slab thickness of the layered structure. Z,, is the oxygen position at 6¢
sites.

21



Table S4. Comparison of voltage decay of the reported LLOs.

Voltage decay

Refi
(mV / cycle) eference

Modified strategy Cycle number (n)
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KP-LLO 500 1.1 This work
Ti* doping 130 3.3 24
. oYpl i 50 4.4 9
L13pip4laﬂcfeﬁﬂfa&1ual o s 0%
coating
LiMgPO, coating 250 1.6 10
LipsMng 5O coating 200 2.3 26
LisMs0 LBO dual
LiF-MgF-CaF, coating 100 4.8 11
and Mg?', Ca?", F- 120 3.1 27
LadoRiHing 100 1.5 12
Li,TiO5 coating 125 1.3 28
CoF; coating 100 3.1 13
. ce Al-dopi 100 3.1 29
LICSOlHE?;C zlj?i I?puli)e{l%ual 100 40 14
Surficia ogygen 200 L5 30
Nb* Sitface doping 100 1.4 15
Li3POy andfspmel dual 300 0.8 31
Li,Miis0}5 coating 300 1.8 16
F- gradient doping
.. \ 100 1.75 32
coating
LiCeO, coating 200 2.0 18
LiTaO; coating 50 2.2 19
K<L F coatmg and K 100 31 20
surface doping
CeOz@Ro‘cksal.t surface 200 13 )1
modification
PDA coating 200 1.5 22
Single-crystal LLO 50 2.5 23
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Table SS. The fitted impedance parameters of KP-LLO and LLO.

Ist cycle
Samples
R, () Ry (Q) Rt (©)
LLO 4.5 55.2 188.6
KP-LLO 4.7 16.9 122.3

24



Movie S1. The NFTS process.
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