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electrolyte infiltration, prolonged ion diffusion pathways, and intensified interfacial polarization,
free process

it eliminates solvent use and drying procedures,
which restrict their rate capability and cycling stability. To address the trade-off between

manufacturing process, reduces energy consumption, and enables the fabrication of thick

electrodes. However, dry-processed lithium iron phosphate (LFP) thick electrodes are prone
to forming highly tortuous pore structures under high compaction, resulting in insufficient

mixing,

energy density and transport kinetics in dry-processed LFP thick electrodes, a particle-size
in

grading strategy was adopted to regulate the electrode microstructure. Freestanding dry-
involving dry powder

processed LFP thick electrodes with graded particle sizes were fabricated through a solvent-
shear-induced

polytetrafluoroethylene, repeated roll-pressing, and hot-pressing lamination. Morphological

situ
and structural characterizations reveal that the graded particles form a multimodal close-
packing architecture, in which large particles construct the primary framework while small

particles fill the interparticle voids. This structure reduces inactive voids and locally blocked

fibrillation
pores, improves interparticle contact, and establishes continuous ion/electron transport
pathways. Meanwhile, the introduction of small particles increases the local contact area and

anchoring-site density, enabling polytetrafluoroethylene fibrils to form a more stable multipoint
interlocking network among particles of different sizes, thereby enhancing the structural
integrity of the electrode. Electrochemical results show that the graded-particle electrode
delivers an initial discharge specific capacity of 161.6 mAh/g at 0.2 C, higher than the 150.8
electrode maintains discharge capacities of 156.9,

mAh/g of the single-particle-size electrode. At 1 C, 3 C, 5 C, and 10 C, the graded-particle
performance.

138.4, and 107.9 mAh/g,
respectively, outperforming the control electrode at all tested rates. Differential capacity and

£l

147.9,
impedance analyses further demonstrate that the charge-discharge polarization voltage gap

decreases from 0.22 to 0.17 V, while the initial charge-transfer resistance is reduced from
approximately 390 to 210 Q. After 200 cycles, the graded-particle electrode still maintains a
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lower interfacial resistance. At 0.2 C, the capacity retention after 200 cycles reaches 94.2%,
He B

markedly higher than the 81.3% of the single-particle-size electrode. These results indicate

that particle-size grading effectively restructures the pore network of dry-processed thick
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electrodes, lowers transport resistance, and improves structural stability, providing a practical
microstructural design strategy for high-loading LFP dry electrodes with enhanced kinetic
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Fig. 1 Schematic diagram of the electrodes for
synthesizing LFP and G-LFP.
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Fig. 2 (a) SEM images and the corresponding magnified views of LFP and (b) G-LFP; (c) LFP particle size
distribution and (d) G-LFP particle size distribution, (e) comparison chart (f) TEM image, (g) HRTEM image, and
(h) HAADF-STEM image with the corresponding EDS elemental mappings of G-LFP.
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Fig. 3 (a) Charge and discharge profiles of LFP and G-LFP; (b) Rate capability of LFP and G-LFP from 0.2 C to
10 C; (c) Charge and discharge curves at various rates; Cycling performance of LFP and G-LFP at (d) 1 C and (e)
0.2C.
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