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                    Abstract
The growing demand for advanced electrochemical energy storage systems (EESSs) with high energy densities for electric vehicles and portable electronics is driving the electrode revolution, in which the development of high-mass-loading electrodes (HMLEs) is a promising route to improve the energy density of batteries packed in limited spaces through the optimal enlargement of active material loading ratios and reduction of inactive component ratios in overall cell devices. However, HMLEs face significant challenges including inferior charge kinetics, poor electrode structural stability, and complex and expensive production processes. Based on this, this review will provide a comprehensive summary of HMLEs, beginning with a basic presentation of factors influencing HMLE electrochemical properties, the understanding of which can guide optimal HMLE designs. Rational strategies to improve the electrochemical performance of HMLEs accompanied by corresponding advantages and bottlenecks are subsequently discussed in terms of various factors ranging from inactive component modification to active material design to structural engineering at the electrode scale. This review will also present the recent progress and approaches of HMLEs applied in various EESSs, including advanced secondary batteries (lithium-/sodium-/potassium-/aluminum-/calcium-ion batteries, lithium metal anodes, lithium-sulfur batteries, lithium-air batteries, zinc batteries, magnesium batteries) and supercapacitors. Finally, this review will examine the challenges and prospects of HMLE commercialization with a focus on thermal safety, performance evaluation, advanced characterization, and production cost assessment to guide future development.
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	EESSs:
	
                    Electrochemical energy storage systems

                  
	AMs:
	
                    Active materials

                  
	NMC:
	
                    Lithium Ni–Mn–Co oxide

                  
	GITT:
	
                    Galvanostatic intermittent titration technique

                  
	EIS:
	
                    Electrochemical impedance spectroscopy

                  
	NMC622:
	
                    LiNi0.6Mn0.2Co0.2O2

                  
	CAs:
	
                    Conductive additives

                  
	LCO:
	
                    LiCoO2

                  
	LFP:
	
                    LiFePO4

                  
	CB:
	
                    Carbon black

                  
	XPS:
	
                    X-ray photoelectronic spectroscopy

                  
	EDS:
	
                    Energy-dispersive spectrometer

                  
	FTIR:
	
                    Fourier transform infrared spectrometer

                  
	CMC:
	
                    Carboxymethyl cellulose

                  
	PAA:
	
                    Poly(acrylic acid)

                  
	PEO:
	
                    Polyethylene oxide

                  
	PC:
	
                    Porous carbon

                  
	SSA:
	
                    Specific surface area

                  
	DFT:
	
                    Density functional theory

                  
	PVP:
	
                    Polyvinyl pyrrolidone

                  
	CVD:
	
                    Chemical vapor deposition

                  
	ALD:
	
                    Atomic layer deposition

                  
	VAN:
	
                    Vertically aligned nanostructure

                  
	GO:
	
                    Graphene oxide

                  
	CNTs:
	
                    Carbon nanotubes

                  
	BIEF:
	
                    Built-in electric field

                  
	NVP:
	
                    Na3V2(PO4)3

                  
	GICs:
	
                    Graphite intercalation compounds

                  
	PIL:
	
                    Poly(ionic liquid)

                  
	3D-CSE:
	
                    3D conductive scaffold electrode

                  
	ICNEs:
	
                    Integrated composite network-based electrodes

                  
	CNF:
	
                    Cellulose nanofiber

                  
	LTP:
	
                    Li4Ti5O12

                  
	PVA:
	
                    Poly(vinyl alcohol)

                  
	CSP:
	
                    Cold sintering process

                  
	NCM:
	
                    LiNi0.8Co0.1Mn0.1O2

                  
	NCA:
	
                    LiNi0.8Co0.15Al0.05O2

                  
	LNMO:
	
                    LiNi0.5Mn1.5O4

                  
	Na-GICs:
	
                    Sodium–graphite intercalation compounds

                  
	ASC:
	
                    Asymmetric supercapacitor
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