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ABSTRACT With the increasing demand for electrochemical energy storage, the lithium-ion battery industry faces new challenges,
such as improving production efficiency, reducing energy consumption, and enhancing battery performance, especially for next-
generation batteries. Among these challenges, electrode manufacturing is crucial as it significantly influences the energy density,
manufacturing costs, and yield of lithium-ion batteries. Dry electrode technology is a new type of electrode manufacturing process that
shows great potential in supercapacitors and lithium-ion batteries. It offers significant advantages such as high surface density, low
internal resistance, and long cycle performance, all without the need for adding any solvents. The unique benefits of this technology have

sparked considerable attention from both academia and manufacturing industries. This review compares traditional wet-process electrode
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technology with emerging dry electrode technology. It begins with outlining the preparation methods, characteristics, and distinct
features of dry electrode processes and then discusses in detail the research progress and applications of the technology in
supercapacitors and lithium-ion batteries, including advancements in electrode loading and electrochemical performance. Key dry
processing techniques include dry spray deposition, powder compression, and polymer binder fiberization, each with its unique technical
features and all following a consistent process of dry blending, dry coating (dry deposition), and electrode pressing. Compared to
traditional supercapacitor electrode technology, dry process technology offers four major advantages: improved battery performance,
reduced production costs, environmental conservation, and expanded application potential. The article extensively discusses the research
progress in dry electrode research for supercapacitors and lithium batteries, emphasizing improvements in electrode loading and
electrochemical performance. It covers the preparation of dry electrodes using various materials like carbon, lithium cobalt oxide, ternary
lithium materials, lithium iron phosphate, and solid electrolytes. Optimizing preparation processes and structural designs further
enhances dry electrode performance. Without solvents, dry process technology is suitable for liquid-sensitive systems, unlike traditional
liquid electrolytes, which pose safety issues such as flammability and explosiveness. Solid electrolytes, especially those containing
sulfur, are often sensitive to polar solvents and prone to decomposition, shortening their cycling life. The use of dry electrolytes offers a
promising solution to this problem, promoting the preparation of dry electrolytes and the development of all-solid-state batteries.
Additionally, dry processing techniques can be applied to prelithiation. Finally, the challenges and issues in the current use of dry
electrodes in supercapacitors and lithium-ion batteries are summarized, along with proposed future directions. As a promising electrode
manufacturing technology, dry technology holds the potential to replace the wet process technology widely used in state-of-the-art
commercial lithium-ion batteries. However, numerous challenges must be overcome before this technology can be commercialized.
Before replacing wet process technology, significant improvements and developments are needed in dry electrode technology, especially
in determining electrode parameters and selecting suitable binders for different dry process technologies. The development of binders for
dry process technology is ongoing, and beyond polyvinylidene fluoride and polytetrafluoroethylene, modified binders meeting various
process requirements are crucial research topics.

KEY WORDS dry electrode; supercapacitor; lithium-ion battery; solid electrolyte; powder coating; binder fiberization
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Fig.1 (a) Polyvinylidene fluoride (PVDF) and conductive carbon black are mixed with the electrode material and sprayed; (b) molten PVDF and
conductive carbon black form a contact between the surface of the electrode material; (c) schematic diagram of the distribution of a typical binder and

carbon black in a dry-coated electrode; (d) hot rolled into an electrode film; (e) dry electrode on an aluminum foil”!
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T T A% 58 BRI T2 M dl, ik SR A iR
5 SR R B T D ) SRR, IR R A B A v
AR, Tk RS ER. Tika
SR URAE 300 IRAGHE T REPR TS 88.2% A1,
W4 B AT AR . IR 6 IR, 15 45 i 74 b 3
L 2R G W RS 4 77 (SBR/CMC) i 2% 1 88 UKL,
BEL 1 S 7 B RS 2 B VR AR L ik Ak

R THEOR SRR BT

Table 1 Comparison of dry and wet electrodes

Various indicators Dry electrode

Wet electrode

Harmful gas emission

Production cost .
required

Electrode thickness

Yield rate

Mechanical property mechanical strength

Battery performance

No solvents involved, no emissions

Electrodes thicker than 5 mA-h-cm >
No edge defect, and higher yield

Higher electrode bonding strength and higher electrode

With lower porosity, no solvent residue, lower porosity,
better electrochemical performance

Solvents may leak and be harmful to the environment

Energy saving, low material cost and no solvent recovery ~Energy consumption is high, material expenditure is high and

harmful gases need to be recovered

Usually below 4 mA-h-cm >

Edge defects and low yield

Lower mechanical strength

Dependent on liquid electrolyte, poor stability and storage
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Fig.5 Schematic diagram of the preparation process for activated graphene/activated carbon dry electrode!**

Wet-processed electrode
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Fig.6  Cross-sectional SEM images of wet and dry process electrodes,
along with schematic diagrams illustrating different binder morphologies

and lithium-ion diffusion characteristics!'”’
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Fig.7 Disassembly process of Tesla 4680 cylindrical battery™*”: (a)—(d) outer battery size and disassembly, with welding points of the shell visible in (b);
(e) negative all-tab structure; (f) negative disc; (g) positive all-tab structure; (h) positive disc; (i) dismantled cells; (j)—(0) internal structure and components

of the battery

S'um
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AR5 (o) ELAITE PVDF JURLJH )3 H R 2 () VL T 2R A s R R T () PEL AR I 44l it PVDF

Fig.8 (a) PVDF-covered LCOs prior to heat activation; (b) LCO wetted by PVDF after heat activation; (c) conductive carbon black stripping PVDF
particles on LCO; (d) agglomerates formed by conductive carbon black and PVDF particles; (e) conductive carbon black encapsulated around PVDF
particles; (f) electrode surface after hot rolling; (g) molten PVDF formed during hot rolling™
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