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As receive LiFePO4 were processed using SPS under a DC or AC field. The relative 

temperature profiles are shown in Figure S1. 

 

Figure S1. Pressure and temperature vs. time curve (30MPa applied pressure, heating rate of 

50 °C/min up to 700 °C with 10 mins dwelling). 

X-ray diffraction (XRD) was conducted using an Empyrean diffractometer (Co-K  

radiation) within the 2θ range 5°~85°. XRD patterns of LFP powders and LFP cathode 

sintered by SPS using DC and AC are depicted in Figure S2 (a, b). All observed peaks in 

LFP samples matched well with the PDF#83-2092 and no impurity peaks were detected 

[1,2].  
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Figure S2. The XRD patterns of LiFePO4 samples under SPS using AC and DC. 

Raman scattering experiments were carried out on a custom-built confocal Raman 

spectrometry system in the backscattering geometry based on triple grating mono-

chromator (Andor Shamrock SR-303i-B) with an attached EMCCD (Andor Newton 

DU970P-UVB). A spectral resolution of ±1 cm−1 was reached, and the spatial resolution 

was ±1 μm. The excitation line at 532 nm was produced by laser source (RGB laser sys-

tem) focused on the sample using a Mitutoyo™ 50×, working distance objective (0.28 

N.A.). The laser power at the sample was 50 mW. 

The Raman spectra reported in Figure S3 with peaks observed in the region of 900–

1100 cm-1. It can be seen that the highest intensity peak at 950 cm-1 corresponds to the P–

O stretching vibration band of ν1. In addition, the two low-strength bands between 990 

and 1100 cm-1 are due to the asymmetric tensile band of PO43- anion (ν3) [3]. The peak 

positions in this range reported in Figures S3, the same as those reported in the Ref. [4]. 

No significant degradation of LFP occurred when using SPS in both DC and AC.  

 

Figure S3. Raman spectra of LiFePO4 samples under SPS using AC and DC (The main peaks are at 

950, 990, 1100 cm-1). 

We obtained further insights regarding the conductivities of the LFP from the EIS 

data by applying the Wang [5] model, MATLAB Wang simplified model (ZARC), and 

distribution of relaxation of times (DRT) analysis. The conductivities from the methods 

were computed using formula from Table S1. The Nyquist fitting diagrams of the EIS 

data of LFP as shown in Figure S4. According to the electronic (σe) and ionic (σi) conduc-

tivity of the LiFePO4 samples is calculated after fitting the curves (listed in Table S2), the 2 
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models (Wang and Simplified Wang) are coherent. However, the DRT estimated moves 

from the theoretical for the following reason: The loss used in the Machine Learning code 

is based on the exp EIS data rather than exact Z (computed using the ECM model). 

Table S1. The formula from the methods. 
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Figure S4. Nyquist fitting diagrams of the EIS data of LFP-AC-TOP—(A) Wang model, (B) ZARC model method, 

LFP-AC-Bottom—(C) Wang model, (D) ZARC model method, LFP-DC-TOP—(E) Wang model, (F) ZARC model method, 

and LFP-DC-Bottom—(G) Wang model, (H) ZARC model method. 

Table S2. The electronic (σe) and ionic (σi) conductivity of the LiFePO4 samples is calculated after fitting the curves. 

Samples 
MATLAB simplified 

Wang 
Zview Wang model DRT 

 σe(S/cm) σi(S/cm) σe(S/cm) σi(S/cm) σe(S/cm) σi(S/cm) 

SPS-AC 

Top 
2.53 × 10-5  2.53 × 10-5 4.46 × 10-3 2.53 × 10-5 2.11 × 10-3 

SPS-AC 

Bottom 
2.56 × 10-5  2.57 × 10-5 4.69 × 10-3 2.56 × 10-5 2.72 × 10-3 

SPS-DC 

Top 
1.02 × 10-5  1.01 × 10-5 1.41 × 10-4 1.02 × 10-5 1.64 × 10-4 

SPS-DC 

Bottom 
6.86 × 10-6  6.85 × 10-6 2.76 × 10-4 6.93 × 10-6 1.85 × 10-4 
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