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Abstract

Hydrophobic surfaces hold significant application value in diverse fields such as clean energy and
aerospace. The core of their fabrication lies in constructing micro/nano structures and modifying
low-surface-energy components. This article elaborates on three classical wettability theories:
Young’s equation, the Wenzel model, and the Cassie-Baxter model. It reviews the research progress
in recent years on fabrication techniques for hydrophobic surfaces, including chemical etching, an-
odization, organic-inorganic hybridization, and femtosecond laser processing. The technical ad-
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vantages of femtosecond laser processing—such as non-contact operation, high precision, and tun-
able wettability—are analyzed in detail, along with related research findings. The application char-
acteristics and research outcomes of hydrophobic surfaces in areas like anti-icing/frost, corrosion
resistance, and antifouling/antibacterial properties are summarized, confirming their potential for
engineering applications. Current industrialization bottlenecks are identified, including insuffi-
cient mechanical durability, high cost and low efficiency of some fabrication techniques, unclear
performance evolution mechanisms, and limited functionality. Future research directions are pro-
posed from the perspectives of technique combination, process optimization, model establishment,
green material development, and multifunctional integration, providing a reference for the large-
scale engineering application of hydrophobic surfaces.
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Figure 1. Superhydrophobic surface was fabricated via a one-step process using H202, HF, and PFOS
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Figure 2. Hierarchical micro/nano structured iron foam fabricated by chemical etching and surface modification: (a) (d) Sur-
face wettability before modification; (b) (e) Surface wettability after modification; (c) Aerophilicity of the hydrophobic surface;
(f) Hydrophobic iron foam surface with extremely low adhesion

B 2. WEZRIHARE SR S RBALEIDLAREK: (2) (d) BMERTHIREDEN; (b) () MMENREIBEYE; (©
HKREFRSM; () BARRHMMHERRKEARRE

DOI: 10.12677/ms.2026.163062 154 FHELRL


https://doi.org/10.12677/ms.2026.163062

BET

ALV AR IRAE R L AR, &M T 2R SRR, B TR 1) Ziid f5 %
SRR BRG], MR 2) XMECURS R R R I SIPE R LTS 5, RV IR TV CE
AR IEPRES s 3) PRI U AVER IR, JCHAEL ISR G 2 R R KIE s 4) X REAE TR B
(RSN 2V BCR A

3.2. FEREMRAR

2022 %, Chanyoung Jeong %5 A [23 145 FHAR AL T 28 FH T 3161 AWM & H 2 FLAKes i, B3
T T AFEANL B K MERE . e THEWEEBEFT PDP R4S B 3 From. Wid7E 3161 ANBME T 4
BIMEHN 30 50 70, 90 V EELJE 3 AN/, FELE 0.1 M BERRHIR I 10 208, WS BIR AL A kA
AR o 2 Al A R SE dk = SR Se(FDTS) A R AT ik, S5 B, Mhnif l Bk, FDTS iR JZ /i
LKA, FLARTE R, SRR TR, R FLBR N AR A6 T 2 12, B ReRy I
filk 316L ANSFANR M, HP AT &, Hm T iE 96%.

160
150 b .
140 ‘

130 ‘ ‘

120 |

30V 50V 70V 0V
Voltage (V)

Contact Angle (°)

Figure 3. Hydrophobic properties of porous stainless steel under different applied voltages
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Figure 4. Fabrication process of porous anodic alumina and its corrosion resistance
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Figure 5. Superhydrophobicity achieved by self-assembled SiO2@polydopamine core-shell nanosphere coating: (a) SEM im-
age of the modified Nd-Fe-B surface; (b) Rolling behavior of a water droplet on the modified Nd-Fe-B surface; (c) Superhy-
drophobicity enabled on various substrate surfaces by the PDA-doped SiO: particle coating
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Figure 6. Surface wettability after heat treatment at different temperatures: (a) Aluminum; (b) Stainless steel
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Figure 7. Theoretical prediction and experimental contact angles of cross-shaped secondary microstructures
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Figure 8. Enhanced hydrophobicity on silicon surfaces via femtosecond laser construction of micro/nano structures com-
bined with chemical modification
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Figure 9. Ink-assisted femtosecond laser-induced construction of micro/nano structures on titanium alloy for superhydrophobic
surfaces: (a) Schematic of surface micro/nano structure fabrication; (b) SEM image and contact angle of the surface
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Table 1. Comparison of fabrication techniques for hydrophobic surfaces
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Figure 10. Hydrophobic fibers prepared by electrospinning, along with their SEM images and static contact angles
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Figure 12. Electrochemical deposition achieves a highly efficient anticorrosion hydrophobic surface
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Figure 13. A superhydrophobic surface was fabricated by chemical etching combined with thermal driving, exhibiting excel-
lent corrosion resistance
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