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Abstract Janus membranes can realize the unidirectional transport of underwater bubbles, which is of great
significance to academic research and industrial applications. In this paper, the conical microporous arrays on the
upper and lower surfaces of zinc foils are prepared by nanosecond pulsed laser drilling combined with heating
treatment. Additionally, the Janus zinc foils, which have the upper and lower surfaces with different roughness and
microstructures, are developed through the control of laser processing parameters. Then, the unidirectional
transport of underwater bubbles is studied on the prepared foils and the chemical composition of the zinc foil surface
is analyzed by an energy dispersive spectrometer (EDS). The results show that the change in the wettability of the
zinc foil surface is mainly attributed to the adsorption and desorption of hydrophilic hydroxyl during laser drilling and
heating treatment. Observing the dynamic behavior of underwater bubbles by a high-definition industrial camera, we

find that the bubbles can penetrate from the aerophobic surface to the aerophilic surface within 0.6 s, but will be
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blocked in the opposite direction. In addition, the increase in the pulsed laser energy within a certain range can not

only increase the micropore size and the hydrophobicity of the zinc foil surface but also significantly raise the

transport rate of bubbles. The transport characteristics of bubbles on the Janus zinc foils are mainly attributed to the

co-action of surface micro-nano structures and chemical compositions. In a word, this study can provide a new

perspective for the design of advanced materials in the fields of ultra-high-speed bubble capture, transport,

collection, and gas-liquid separation.
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Fig. 1 Multi-level micro/nano structure formed on surface of zinc foil after nanosecond laser drilling. (a) Schematic of

nanosecond laser machining system; (b) SEM image of top surface of zinc foil; (c¢) locally enlarged view of Fig. 1(b);

(d) SEM image of bottom surface of zinc foil; (e) locally enlarged view of Fig. 1(d)
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Fig. 2 Effect of pulse energy on surface morphology and wettability of zinc foil. (a) Cross-sectional view of tapered pore

formed by nanosecond laser drilling; (b) diameter of micropore on sample surface versus pulse energy; (c) water

contact angle versus laser energy; (d) bubble contact angle versus laser energy
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Fig. 3 Effect of chemical composition on surface wettability of zinc foil. (a) Water contact angle on top surface of pristine

2 3 4 5 6

zinc foil; (b) water contact angle on top surface of zinc foil after laser drilling; (c¢) water contact angle of heated zinc

foil; (d) EDS result of Ols peak on top surface of pristine zinc foil; (e) EDS result of Ols peak on top surface of

zinc foil after laser drilling; (f) EDS result of Ols peak on top surface of heated zinc foil
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Fig. 4 Asymmetric wettability caused by morphology difference between upper and lower surfaces of zinc foil. Morphologies

of microporous edge on (a) top and (b) bottom surfaces; (c¢) water contact angle and (d) bubble contact angle on top

surface of heated zinc foil;
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Fig. 5 Analysis of dynamic behavior of bubbles on Janus zinc foil. (a) Intraoperative imaging for bubbles ejected from

hydrophilic surface to superhydrophobic one; (b) intraoperative imaging for bubbles ejected from superhydrophobic

surface to hydrophilic one; (c) laser energy with respect to passing time of bubbles on zinc foil; schematic of

unidirectional transport mechanism of bubbles on heated zinc foil when superhydrophobic surface is placed (d)

downwards and (e) upwards
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