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Fig. 1. (a) DCSBD electrode system; (b) one H-shaped mi-
cro-discharge in ambient air; (c) surface plasma in ambient
air at 300 W; scanning electron microscope images of PLLA
nanoparticles printed on (d) untreated PET, (e) untreated
PP, (f) plasma treated PET, and (g) plasma-treated PP
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Fig. 2. Interaction of untreated MFC foam with either (a) water or (b) kerosene. Interaction of plasma-treated MFC foam (taking

up a portion of the gas gap volume) with water and kerosene on (c) the top side and (d) the bottom side of the MFC foam!%.
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Fig. 4. (a) Current voltage characteristics of RF discharge
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pulse modulated RF APGD; temporal evolution of dis-
charge spatial profile during RF discharge burst ignition
with the time interval between pulsed discharge and RF
discharge burst of (b) 40 and (c) 10 psi.
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Fig. 5. Distributions of the potential for different pore sizes of (a) 10 pm, (b) 20 pm, (c) 200 um, for a helium discharge sustained at

20 kV.
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Fig. 6. Schematic diagram of plasma deposition model for

flexible microporous substrate.
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Fig. 7. Cross-section scanning electron microscope (SEM) images and EDS of UHMWPE: (a)-(c) SiOg,Cya3H, coating; (d)-

(f) Al,Oj coating.
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Fig. 8. (a) Adhesion strengths of different coating samples; (b) the optical photo of the separators and tapes after the 180° peel-off
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Fig. 9. (a) Motion of sheath trapped particles with 50% duty cycle; (b) particle size distribution of nanoparticle films at different
duty cycles; FE-SEM images of deposited nanoparticle films at different duty cycles of (c) 33%, (d) 50%, (e) 67%/0.
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SPECIAL TOPIC—Several problems in plasma physics and material treatment

Treatment uniformity of atmospheric pressure plasma on
flexible and porous material surface: A critical review
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Abstract

Flexible porous materials play an important role in frontier science and technology fields. Surface
modification will further endow the materials with diverse and excellent surface properties, and expand the
scope of their applications in functional and intelligent wearable devices. Atmospheric pressure plasma
technology has many advantages in treating the flexible materials, such as low temperature, low energy
consumption, high efficiency, friendly environment, low cost, no change in material itself characteristics,
suitability for roll-to-roll preparation, etc. Also, it presents good adaptability in applied environment and target
materials. All these advantages meet the requirements of large area and low-cost surface modification of flexible
porous materials.

In this paper, we review several researches of atmospheric pressure plasma surface modification of flexible
porous materials used in advanced materials, new energy, environmental protection and biomedicine. The
problems and challenges of stability and permeability encountered in uniformly treating the flexible and porous
materials by atmospheric pressure plasma are presented. Then, we introduce our research work on atmospheric
pressure plasma stable discharge, roll-to-roll coating treatment of permeability and uniformity. Finally, we
introduce the breakthrough in and ideas on the deposition kinetics of nanoparticle thin films and their
microstructure control by atmospheric pressure plasma.

However, there are still many challenges to be overcome in the applications of the methods in current
situation. Basic characteristics, discharge modes of atmospheric pressure plasma and the relationships of plasma
discharge to structure and property of the various treated materials need to be further explored. It is confirmed
that the permeability and uniformity of the atmospheric pressure plasma treatment in flexible porous materials
are very important and their in-depth investigations will promote the application of this method —a high
efficient, environmentally-friendly and continuous way of realizing functional and intelligent wearable devices in

the future.

Keywords: atmospheric pressure plasma, flexible porous materials, material modification, uniformity
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