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Abstract: Poly-alpha olefin synthetic base oils are indispensable to modern society; however, their biodegradability in natural
ecosystems is limited. The rapid dispersion of oily wastewater in aquatic environments disrupts the air-water oxygen exchange,
leading to substantial pollution and posing risks to human health through bioaccumulation in the food chain. Polypropylene nonwoven

fabrics offer many advantages, such as interconnected microstructures, flexibility, mechanical stability, low cost, and chemical
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stability. Hence, they are widely used in oil-water separation applications. However, their inherent hydrophobicity requires
hydrophilic modifications. Plasma treatment is an effective method for altering the wettability of materials that can generate diverse
surface micro / nanostructures and alter the surface chemical compositions. Oxygen plasma treatment, which involves
dehydrogenation reactions and the incorporation of oxygen, is particularly successful in increasing the hydrophilicity of polypropylene
fibers composed entirely of carbon and hydrogen. In this work, polypropylene nonwoven fabrics were etched to change their
wettability using plasma-enhanced chemical vapor deposition technology. To obtain hydrophilic and oleophobic properties, surfaces
modified with hydrophilic functional groups were prepared by varying the oxygen plasma etching time (5, 15, and 30 min). A
scanning electron microscope was used to observe the morphology of the -polypropylene nonwoven fabrics before and after
modification. Contact angle measurements were performed to assess the surface hydrophilicity and underwater oleophobicity of the
samples. A microscopic Fourier transform infrared spectroscopy- was used to characterize the changes in the chemical composition of
the sample surfaces. X-ray photoelectron spectroscopy was used to characterize the elemental content and chemical bonding states of
the samples. The results showed a transformation in the fiber surface morphology from a smooth texture to a densely patterned surface
that resembled fish scales over time. This transformation was due to the coexistence of crystalline and amorphous regions in the
polypropylene fibers. The untreated polypropylene nonwoven surface had a water contact angle of approximately 133.8° . After a 30
min etching process, water droplets quickly infiltrated the polypropylene nonwoven fabrics. The underwater oil contact angle on the
untreated polypropylene nonwoven fabric was approximately 61° following a 30 min oxygen plasma etching treatment, and the
contact angle was measured to be 145° , thus underscoring the exceptional superhydrophilicity and underwater oleophobicity of the
material. With an increase in the oxygen plasma treatment time, oxygen elements were successfully incorporated into the surface of
the polypropylene nonwoven fabrics with a relative content of 14.04%, which resulted in the formation of hydrophilic functional
groups, including hydroxyl and carboxyl groups, which enhanced the surface hydrophilicity. After the plasma etching treatment, the
relative atomic content of the C—C groups on the surface remained as high as 55.91%, indicating that the matrix structure remained
unchanged. In the oil-water separation tests, the polypropylene nonwoven fabrics treated for 30 min demonstrated excellent stability
and surface self-cleaning capabilities, maintaining an efficiency of over 98.7% after 35 cycles of tests following pre-wetting.
Furthermore, after being used to treat oil stains, the material maintained its inherent cleanliness without leaving any oil residue on its
surface. The 30 min etching treatment yielded polypropylene nonwoven fabrics with excellent superhydrophilic and underwater
oleophobic properties. The modified surface, enriched with hydrogen and oxygen, acquired functional groups that could form
hydrogen bonds with water molecules, thus promoting efticient hydrophilic wetting. Owing to the weak polarity of oil, the water film
formed on the superhydrophilic surface minimizes the direct contact between the oil and solid surfaces, impedes the wetting of oil on
the solid surfaces, and enables underwater oleophobic behavior. The bionic fish scale microstructure on the surface enabled the fabric
to firmly retain a water layer after wetting, thus preventing oil contamination. Therefore, the results of this study offer an efficient
solution for the application of nonwoven fabrics in the domain of oil-water separation, thus enhancing their practical utility and
sustainability.
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Fig. 2 SEM images of the surface of untreated polypropylene nonwoven fabrics

.

(a) Etched 5 min
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(¢) Etched 5 min

/" (d)Etched 15 min

(f) Etched 15 min

(i) Etched 30 min
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Fig. 3 SEM images of the surface of polypropylene nonwoven fabrics treated by different oxygen plasma etching time
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Fig. 7 Cyclic test of oil-water separation
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Table2 Circulating oil / water separation efficiency of fabric materials after different surface hydrophilic treatments

Substrate Treated method Cycle times Efficiency Refs.

Cotton fabrics Dip-coated N-octane 25 99.3 [10]

Cotton fabrics Dip-coated Dichloromethane 25 98 [36]

Cotton fabrics Scrape-coating Motor oil 30 97.5 [37]

Polyamide nonwoven fabrics (;(;Zirfh‘;g;h Heavy mineral oil 25 98.6 [38]
Polypropylene nonwoven Plasma etching 35 98.7 Our work

fabrics
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Fig. 8 Self-cleaning effect on the surface of polypropylene nonwoven fabrics before and after etching (t is time)
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Fig. 9 Surface self-cleaning of polypropylene nonwoven fabrics after oxygen plasma etching
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