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Abstract 
Cotton fiber is widely utilized across the globe, being one of the most abundant fibers in use. When incorporated into clothing, it offers comfort, warmth, and breathability. Nevertheless, it is highly flammable. Its rapid combustion with minimal ignition highlights its extreme flammability. Furthermore, in addition to its flammability and combustibility, cotton textiles offer inadequate protection for the skin against UV radiation and bacterial proliferation. Clothing made of cotton efficiently absorbs sweat, oils, and other skin excretions, creating an environment easy to bacterial growth. This proliferation of bacteria is directly associated with the rise of various infections and diseases that are currently gaining significant attention in the realm of global public health. Consequently, these inherent issues pose significant challenges for the use of cotton fabrics in industrial work wear, home textiles, and technical applications. The objective of the current study is to fabricate an environmentally friendly and long-lasting flame retardant textile without use of halogen and formaldehyde, incorporating multifunctional features, and to identify the most favorable conditions and parameters. Within this investigation, the application of the sonochemical technique facilitated the growth of ZnO NPs on a 100% cotton fabric. Zinc acetate dihydrate (Zn(CH3COO)2.2H2O) and sodium hydroxide (NaOH) served as the precursors. Following the growth of ZnO NPs, N-Methylol dime-thylphosphonopropionamide (MDPA) flame retardant was administered utilizing a conventional pad dry cure method, with 1, 2, 3, 4-butanetetracarboxylic acid (BTCA) acting as a cross-linker and sodium hypophosphite (SHP) as a catalyst. The examination of surface morphology and characterization of the fabricated samples was conducted through scanning electron microscopy (SEM), X-ray powder diffraction (XRD), and Fourier-transform infrared spectroscopy (FTIR). Moreover, the samples underwent testing for vertical flame retardancy, limiting oxygen index (LOI), ultraviolet protection factor (UPF), antibacterial efficacy, and wash resistance. The outcomes revealed outstanding performance in terms of flame retardancy (e.g., 39 mm char length, 0-second flame time, 0-second afterglow time), LOI of 32.23, UPF of 143.76, and complete antibacterial activity. Furthermore, the developed samples exhibited commendable wash durability.
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