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Figure S1. Calculated XRD patterns and corresponding reliability factors of the uncoated and
coated samples: (a) LFPO and (b) LFP4.

Table S1. Rietveld refinement atomic coordinates for sample LFP0 based on the XRD data.

Atom Wyck position X y z Occupancy
Li 3b 0.000000 0.000000 0.500000 0.9739
Ni, 3b 0.000000 0.000000 0.500000 0.0261
Li, 3a 0.000000 0.000000 0.000000 0.0261
Ni; 3a 0.000000 0.000000 0.000000 0.3069
Co, 3a 0.000000 0.000000 0.000000 0.3330
Mn, 3a 0.000000 0.000000 0.000000 0.3330

0O, 6¢ 0.000000 0.000000 0.260300 1.0000




Table S2. Rietveld refinement atomic coordinates for sample LFP4 based on the XRD data.

Atom Wyck position X y z Occupancy
Li 3b 0.000000 0.000000 0.500000 0.9774
Ni, 3b 0.000000 0.000000 0.500000 0.0226
Li, 3a 0.000000 0.000000 0.000000 0.226
Ni; 3a 0.000000 0.000000 0.000000 0.3104
Coy 3a 0.000000 0.000000 0.000000 0.3330
Mn, 3a 0.000000 0.000000 0.000000 0.3330
0, 6¢ 0.000000 0.000000 0.261284 1.0000

Table S3. Lattice parameters of the samples refined by GSAS.
Lattice parameters
Sample
a(A) c(R) c/a v (A3%)
LFPO 2.8455(4) 14.219(8) 4.997 115.14(0)
LPF4 2.8512(2) 14.249(7) 4.997 115.84(2)




Figure S2. HRTEM images of the samples: (a) LPFO, (b) LPF4.

The HRTEM images of uncoated and LiF/Li,PF,0,-coated Li; ;2Mng 54C0y 13Nig 130, have been
shown in Figure S2. As shown in the insets of Figure S2a and S2b, the lattice spacings are 4.7 A for
sample LFP0 and 2.0 A for sample LFP4, which are coincided with the planes (003) and (104) of
LiMO,, respectively. These results (including the results of Figure 3) demonstrate that sample LFPO
and LFP4 are both composed of Li,MnO3 and LiMO, components.



Table S4. A comparison of electrochemical properties with literatures.
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Figure S3. Cycle performances for the uncoated and LiF/Li,PF,0,-coated samples at the different
temperature.

As shown in Figure S3a, at the same current density of 1000 mA/g at 25 °C, the initial discharge
capacities were 159.7 mAh/g for sample LFPO and 175.2 mAh/g for sample LFP4, respectively.
After 100 cycles, the discharge capacities were 139.5 mAh/g for sample LFPO and 169.5 mAh/g for
sample LFP4, while the corresponding capacity retention ratios to the highest discharge capacities
among 100 cycles were 73.3% for sample LFPO and 92.1% for sample LFP4, respectively.

As shown in Figure S3b, at the same current density of 1000 mA/g at 60 °C, the initial discharge
capacities were 185.5 mAh/g for sample LFPO and 184.9 mAh/g for sample LFP4, respectively.
After 100 cycles, the discharge capacities were 45.2 mAh/g for sample LFP0 and 154.3 mAh/g
for sample LFP4, while the corresponding capacity retention ratios to the highest discharge
capacities among 100 cycles were 21.3% for sample LFPO and 74.1% for sample LFP4,
respectively. These results further indicate that LiF/Li,PF,O, coated layer can significantly improve

the cycling stability and inhibit the dissolution of metal ions causing by HF.
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Figure S4. Profiles of the real parts of impedance (Zr) vs. ' from 0.1 to 0.01 Hz and
corresponding linear fitting curves for samples LFPO, LFP4, and LFPS at different cycles: (a) 1%
cycle, (b) 5% cycle, (c) 10t cycle, (d) 20t cycle, and (e) 40t cycle. (f) Comparing for variations of
Li-ion diffusion coefficients at different cycles for samples LFPO, LFP4, and LFPS.

D
The diffusion coefficient of lithium ion ( Li +) is calculated from the straight sloping line at
low frequency region (0.1-0.01Hz) according to the following equation®,
_ 05RT?
Li* n4A2F4C20_2

where R is the ideal gas content, T is the absolute temperature, n is the number of electron(s) per

(1

molecule oxidized, A is the surface area of the electrode, F is the Faraday constant, C is the
concentration of Li* in the cathode, and o is the Warburg factor which has the relationship with Zr

as in the following equation,

Z =R +R,+R, +o0 " (2)

From eqn.(2), the Warburg factor (o ) can be obtained from the linear fitting of Zr vs. o, as
shown in Figure S1. The calculated results of lithium diffusion coefficients at different cycles for

samples LFPO, LFP4, and LFP8 were exhibited in Table S5.



Table SS. Fitted parameters of EIS data for sample LFPO, LFP4, and LFP8 at different cycles.

Sample  Cycle R(®) Ry(2) R(d) R} Du'(em’s™)
LFPO I 2.87 82.43 2012.0 2097.3 6.29%101¢
5t 2.98 60.83 1318.1 1381.9 4.2%10°15
10 3.20 28.74 4259 457.8 5.43*10°15
20t 3.67 19.41 250.1 273.2 1.24*10°14
40t 3.49 14.21 428.0 445.7 8.20*%10°1
60" 3.60 19.94 988.2 1011.7 --
LFP4 Ist 2.63 50.75 884.7 938.1 3.59*10°15
5th 2.75 45.76 5104 558.9 1.77*10-14
10 2.84 38.43 307.9 349.2 1.82*10°14
20t 2.98 10.34 216.9 230.2 2.25%1014
40t 3.02 8.21 243.5 254.7 2.49%1014
60t 3.10 8.43 391.8 403.3 --
LFP8 Ist 2.76 67.83 974.5 1045.1 2.97*10°15
5th 2.88 73.57 523.6 600.1 1.47*10°14
1ot 3.13 68.03 417.7 488.9 1.78*10°14
20t 3.25 40.05 352.0 395.3 2.01*104
40t 3.40 35.31 340.2 378.9 2.14*1014

60" 3.55 37.99 576.0 617.5 --




Figure S5. EDX-mapping images of electrodes after 60cycles for the samples: (a;-g;) LPFO, (a5-g>)
LPF4.



Table S6 The molar ratios of Mn, Co, Ni elements for sample LFPO and LFP4 obtained by EDX-

mapping from TEM measurements.

Sample Mn Co Ni
Fresh powder 0.54  0.138  0.137
LFPO
Eletrode after 60 cycle 0.54 0.120 0.104
Fresh powder 0.54 0.135 0.131
LFP4
Eletrode after 60 cycle 0.54 0.128 0.112

The molar ratios of Mn, Co, Ni elements for sample LFPO and LFP4 were compared through
measuring the EDX-mapping from TEM. As shown in Table S6, the dissolutions of Co and Ni
elements for uncoated sample LFP0 are more than those of coated sample LFP4 when the content
of Mn is fixed at 0.54. If Mn element also dissolves, the Co and Ni elements should dissolve even
more for uncoated sample LFPO. All these results indicate that the coating layer can suppress the

dissolution of transition metal ions.
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