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Metal corrosion is considered one of the major challenges in modern
Abstract . . . . . .

- industries, leading to performance degradation of equipment and significant
economic losses. Consequently, the development of efficient protective coatings has attracted
considerable attention. Among the available options, polyurethane coatings have emerged as
a promising class of organic coatings due to their formulation versatility, desirable chemical
stability, and the possibility of tailoring their properties for specific applications. This article
provides an analytical overview of the controllable characteristics of polyurethane coatings
and the factors influencing their performance. Particular attention is given to the role of polyol
structures, the nature of isocyanates, and the structure—property relationships that determine
the final behavior of these coatings. After reviewing the fundamental chemistry of polyure-
thanes, major classifications of these coatings are discussed, along with their performance in
industrial environments and corrosive conditions. The article further examines emerging types
of polyurethane systems, including waterborne polyurethanes, non isocyanate polyurethanes,
hydrophobic and icephobic polyurethane coatings, as well as polyurethane materials used in
biomedical applications. Finally, future perspectives and potential directions for improving the
corrosion resistance and performance of polyurethane coatings are highlighted.
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Figurel. The prepolymer formation process from fluorinated dithiols and isocyanate-terminated polyurethane, followed by the synthesis

of FPU coatings via the thiol-isocyanate click reaction [25].
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Figure2.The effect of each nanoparticle on the hydrophobic properties of polyurethane coatings [26].
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Figure3. a) The P* parameter as a function of the number of abrasion cycles for the FPU/F-POSS coating after self-healing; b) schematic

representation of the three states of miscibility between fillers and binders within a Hansen sphere [27].
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Figured4. Preparation of superhydrophobic polyurethane coatings for steel structures using the spin-coating method [30].
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Figure6. a) Schematic illustration of the PU-PDMS interfacial coating deposited on fabric fibers after immersion, b) Chemical

structure of the synthesized P(AA-HEA)-g-PDMS copolymer [41].
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Figure7. a) Scanning electron microscopy (SEM) image, b) 3D profilometry to demonstrate the effect of ice adhesion strength on

surfaces with two different roughness scales [48].
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Figure8. The most important reaction in polyurethane chemistry.
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Figure9. Chemical structure of hydroxyapatite.
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Figurel0. Schematic representation of a negative polyurethane brush model, containing flexible poly(ethylene oxide) chains with terminal

sulfonate groups on the surface.
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Figurell. A peptide-functionalized polyurethane structure, synthesized from hexamethylene diisocyanate, the FK4 peptide, and polyethylene

glycol, was developed. This polyurethane is capable of encapsulating curcumin, a hydrophobic drug, via nn-nn stacking interactions with the

Fmoc-FF peptide [108].
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1- Self-Healing Coatings
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Figurel2. a) Schematic illustration of the preparation of sugarcane bagasse nanocellulose-modified WPU (waterborne polyurethane); b)
schematic mechanism of the self-healing process of the cut film; c¢) optical microscopy images showing the scratched and subsequently healed
samples; d) stress-strain curves of SWPU-5% CNF (self-healing polyurethane containing 5% cellulose nanofibers) under various

healing conditions; ¢) bar chart of the self-healing efficiency under different healing conditions; f) a comparative representation of the

present work with other self-healing polyurethanes [136].
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Figurel3. Digital images of the composite: (a) blade-cut sample of BPU-3/CNT-1.5%; (b) healed surface after the thermal healing process

at 100 °C for 10 h; (c, d) optical microscopy images showing the surface morphology of the damaged and healed composite [137].
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