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Fig. S1 (a) and (b) SEM image of LAZP ceramic powder. 

Fig. S2 Cyclic performance of (a) LFP/PL/Li battery and (b) LFP/PLL20/Li battery at 60℃ and 0.2C.

Fig. S3 Galvanostatic cycling performance of Li/PL/Li and Li/PLL20/Li symmetrical cells with 0.1 mA 

cm-2 current densities at 60°C.
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Fig. S4 XPS spectra of O1s for cycled Li anodes.

In the O 1s spectrum of Li metal in Li|PL|Li cell, the peaks located at 531.11, 531.8, 532.6, and 

533.94 eV are assigned to ROLi, C=O, S=O, and C-O, respectively. From the O 1s spectrum of Li metal 

in Li|PLL20|Li cell, the binding energy at 531.8, 532.36, and 533.57 eV are assigned to C=O, S=O, and 

C-O, respectively.1-3 The C=O and C-O could be attributed to the decomposition of PEO-LiTFSI at the 

interface. In addition, S=O peak should come from LiTFSI.4 It is worth noting that the lithium alkoxides 

(ROLi)5 peak does not exist in PLL20, which means that LAZP reduces the generation of ROLi, making 

the relationship between PLL20 and Li metal interface layer more stable.
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Fig. S5 (a) The first and fourteenth charge-discharge curves of Li/PL/LFP batteries at 2C. (b) The first 

and seventieth charge-discharge curves of Li/PLL20/LFP battery at 2C. (c) The impedance spectra of the 

first and fourteenth cycles of the Li/PL/LFP battery. (d) The impedance spectra of the first and seventieth 

cycles of the Li/PLL20/LFP battery.
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Fig. S6 Rate performances of Li//LFP cell at 60℃, LFP: Super P=7:1 (a), LFP: Super P =8:1 (b), LFP: 

Super P =9:1 (c), and LFP: Super P =10:1 (d). SEM of LFP powder (e), MWCNT (f), Unmodified LFP 

cathode (g), and M-LFP (h). 
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In order to investigate the effect of composition and ratio of LFP cathode material on solid 

electrolyte. The electrochemical properties of LFP cathode material were studied by modifying it. LFP 

powder was selected as the positive active material; Super P as the electronic conductive agent; PVDF 

as the binder; PEO and LiTFSI are used to increase ionic conductivity in composite positive electrodes; 

MWCNT are used to construct long-range conductive channels. The mass of MWCNT and PEO-LITFSI 

is fixed, and the mass ratio of LFP to Super P is different. The amount of Super P determines the overall 

electrochemical performance of the composite positive electrode. If the content of Super P is small, the 

LiFePO4 cannot be fully coated, resulting in low electrical conductivity of the composite positive 

electrode, resulting in the reduction of high-rate specific capacity. All-solid-state batteries assembled 

with PL solid electrolyte were tested at 60℃. As shown in Fig. S6a-d, with the increasing of Super P 

content, the specific capacity attenuation of all-solid-state battery decreases gradually at variable 

magnification. When the mass ratio of LFP to Super P is 10:1, the specific capacity of the all-solid-state 

battery decreases obviously with the increase of current density at high magnification, which seriously 

affects the performance of the all-solid-state battery at high magnification. This stems from the fact that 

less Super P leads to poor electronic conductivity in the composite positive electrode. Finally, the mass 

ratio of LFP to Super P was determined to be a more appropriate ratio of 7:1. In this study, the size of 

LFP powder was between 1-4 μm (Fig. S6e). As a common electronic conductor, Super P has the 

advantages of small particle size, strong liquid absorption capacity, large specific surface area, etc., but 

its disadvantage is that it cannot form a long-term continuous conductive path, and during the long cycle 

of the battery, the point contact between it and the lithium iron phosphate particles will deteriorate, 

resulting in the decline of the specific capacity of the battery and the service life of the battery.6, 7 In order 

to solve this problem, an appropriate amount of MWCNT is usually added to the composite positive 

electrode, which is used as a 1D filler, as shown in Fig. S6f. The size is between 3-8 μm, which can 

connect more LFP powder and Super P particles on a spatial scale, thus forming a long-range electronic 

conductive path.8, 9 While improving the electronic conductivity in the composite positive electrode, it 
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can also better connect the nanoparticles in the composite positive electrode, thereby reducing the 

specific capacity loss of the battery during the long cycle process and extending the service life of the 

battery. SEM shows that all LFP is uniformly coated with a thin-film structure around it, which is shown 

as PVDF polymer in Fig. S6g and a mixture of PVDF and PEO electrolyte in Fig. S6h. The composite 

positive electrode containing PEO electrolyte is relatively dense, and the nanoparticles are uniformly 

coated by the polymer without voids, while the composite positive electrode without PEO electrolyte has 

a certain amount of voids on its surface. This phenomenon is conducive to increasing the contact area 

between the composite electrolyte and the composite positive electrode, and increasing the ion transport 

area, which is conducive to ion transport. In addition, the addition of PEO10 and LiTFSI11 will enhance 

the ionic conductivity of the composite positive electrode, and PEO will fully cover the nanoparticles. 

Due to its high viscosity and good interface wettability, on the one hand, it can inhibit the volume 

expansion of the electrode during the cycle. On the other hand, the high interface impedance caused by 

the solid-solid contact between the composite electrolyte and the composite positive electrode can be 

reduced.

Fig. S7 Charge-discharge profiles of the Li/PLL20/LFP batteries at 60℃ and 1C. 
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Fig. S8 (a) AC impedance spectra of the Li/PLL20/LFP cell and the Li/PLL20/M-LFP batteries at 60℃. 

(b) Fitting graph of the relationship between Zre and ω-1/2.

Table S1. Study on the PEO-based CSEs for LFP batteries.
Research 

Team CSEs
Ionic 

conductivity 
(10-4 S cm-1)

Discharge 
rate Cycle number

Discharge 
specific Capacity 

(mAh g-1)a

Capacity 
retention rate 

(%)

Huang12 PEO/CMC-Li@PI 3.15 0.5C 150 93 82

Zheng13 PEO/PCN/LiTFSI 3.47 0.5C 1000 149 57

Zeng14 PEO@AF 6.57 1C 100 115.6 94.3

Wu15 PEO-n-UIO 1.3 0.5 100 144 95.4

Liang16 PEO−MA@LAGP 4.2 1C 100 147 71

Wang17 Z-C-PAN-PEO 4.39 0.2C 600 161 68

Our work PPL20 8.6453 1 C 200 144 93.5
a Discharge specific capacity refers to the value of the last circle of the cycle.
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