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Abstract : The growing demand for safe, efficient, and environmentally friendly energy storage
solutions has spotlighted lithium iron phosphate (LFP) batteries for applications requiring high
thermal stability, long cycle life, and cost-effectiveness. However, the comparatively lower
energy density of LFP remains a significant limitation for its use in high-energy applications.
In response, the integration of solid-state electrolytes (SSEs) with LFP batteries has emerged
as a promising strategy to enhance both energy density and safety. Solid-state electrolytes, par-
ticularly garnet-type (e.g., Li;La;Zr,Oyp, LLZO) and polymer-based electrolytes, offer high ionic
conductivity, chemical stability, and non-flammable properties, thereby overcoming critical lim-
itations posed by traditional liquid electrolytes. This review comprehensively examines recent
advancements in solid-state electrolyte applications for LFP batteries, with a focus on material
innovations, interface engineering, and manufacturing techniques aimed at optimizing electro-
chemical performance. By analyzing the state-of-the-art research and identifying future direc-
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tions, this paper provides insights into the pathways for achieving competitive performance in
solid-state LFP batteries and underscores their potential for widespread adoption in eco-friendly

energy storage solutions.

Keywords : Lithium iron phosphate battery, Solid-state electrolyte, lonic conductivity, Energy storage
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Fig. 1. Crystal structures of (a) LiFePO, and (b) FePO,.”
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1) 0.1eq EG

115°C

3) leq FeS04(s), N,

HO/\/OH
Ethylene glycol (EG)

LiFePO,(s)

1600°C Ar/H,

LiFePO,/C
battery grade

Fig. 2. Preparation procedure of battery grade LiFePO, using low temperature method.”® [Creative Commons
Attribution-NonCommercial 3.0 Unported Licence. No permissoin required]

H Carbon + binder | Fp NW

/
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Free energy

xin Lix-l-:ePO,, 1

Fig. 3. In situ TEM observation of LFP nanobattery and the schematic of free energy dependence on the lithium
composition. (a) Experimental setup of LFP nanobattery inside TEM. (b) TEM image of the contact between LFP NW
and Si NW. (c¢) Schematic of free energy versus composition g(c) for FP, SSZ, and LFP at high, low, and zero
temperature, respectively.’” [permission granted from ACS publication]
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1-step : Enhanced
- Rate capability

Carbon coating layer
Sulfur coating layer

Stability *

2-step : Enhanced
High-T. stability

Fig. 4. Schematic summarization of the 1-step and 2-step
sulfur modification effects.” [no special permission required
by an open access Creative Common CC BY license|
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Fig. 5. The lithium-ion transport mechanism of poly(ethylene oxide) (PEO). Reprinted with permission.®”
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Fig. 7. Schematics of the SPTM and the HSSE. The arrows in the SPTM and HSSE indicate the Li-ion movement when
attached to electrodes on both sides. Scanning electron microscopy images of (b) SPTM and (c) free-standing HSSE
having SPTM and x-PEG-Gen1.*” [permission granted from ACS publication]|
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Q —— -y
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Cycle number

Fig. 8. Electrochemical cycling of Li/HSSE-Gen2/LiFePO, all-solid-state-battery at room temperature under various
current densities. HSSE-Gen2 consists of the SPTM and x-POSS-PEG-Gen2 interposer polymer.*” [permission granted

from ACS publication]
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