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ABSTRACT: The growing demand for sustainable and bio-based materials has accelerated the development of multifunctional hydrogel
systems potential for biomedical applications. In this study, hydrogel-textile composites based on alginate, lignin, chitosan, and zinc
oxide (ZnO) were synthesized via a sol-gel approach at two alginate concentrations (0.5% and 1%) and applied as functional coatings
onto polylactic acid (PLA) nonwoven fabrics. The coated fabrics were systematically characterized by FTIR spectroscopy, SEM/EDS,
and tensile testing, while air permeability, water absorption, and antibacterial performance against Escherichia coli and Staphylococcus
aureus were evaluated. The hydrogel coatings enhanced the surface characteristics and antibacterial performance of the PLA nonwoven
substrates while maintaining their mechanical integrity. FTIR analysis suggested possible intermolecular interactions among the
biopolymer components, particularly in the high-alginate SA/L/CS/ZnO (Y3) formulation. SEM observations indicated the formation
of a hydrogel coating on the examined fabric regions, while EDS analysis qualitatively confirmed the presence of ZnO. The coated
fabrics exhibited antibacterial efficiencies exceeding 98% together with improved tensile properties. Increasing sodium alginate content
also enhanced water absorption, although a reduction in air permeability was observed. The developed bio-based hydrogel-textile
composites exhibited promising mechanical, antibacterial, and fluid-management properties, supporting their potential for further
investigation in sustainable medical textile applications.
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COK FONKSIiYONLU PLA NONWOVEN KUMASLAR iCiN ZNO iCEREN BiYO-BAZLI
ALJINAT/LIGNIN/KIiTOSAN HIiBRIiT HIDROJEL KOMPOZITLER

OZ: Siirdiiriilebilir ve biyo-bazli malzemelere olan artan talep, biyomedikal uygulamalar igin ¢ok fonksiyonlu hidrojel sistemlerinin
gelistirilmesini hizlandirmistir. Bu ¢alismada, aljinat, lignin, kitosan ve ¢inko oksit (ZnO) esasli hidrojel-tekstil kompozitleri, iki farkli
aljinat konsantrasyonunda (%0,5 ve %1) sol-jel yontemi ile sentezlenmis ve polilaktik asit (PLA) nonwoven kumaslar iizerine
fonksiyonel kaplama olarak uygulanmistir. Kaplanmis kumaglar FTIR spektroskopisi, SEM/EDS ve ¢ekme testleri ile sistematik olarak
karakterize edilmis; ayrica hava gecirgenligi, su emme kapasitesi ve Escherichia coli ile Staphylococcus aureus bakterilerine karst
antibakteriyel performanslart degerlendirilmistir. Hidrojel kaplamalar, PLA dokusuz yilizeylerin mekanik biitiinligiinii korurken yiizey
ozelliklerini ve antibakteriyel performansini gelistirmistir. FTIR analizi, 6zellikle yiiksek aljinat igerigine sahip SA/L/CS/ZnO (Y3)
formiilasyonunda biyopolimer bilesenleri arasinda olasi molekiiller arasi etkilesimlere isaret etmistir. SEM gozlemleri, incelenen kumasg
bolgelerinde bir hidrojel kaplamasinin olustugunu gostermis, EDS analizi ise ZnO varligini nitel olarak dogrulamistir. Kaplanan
kumaslar, gelistirilmis ¢ekme 6zellikleri ile %98'in iizerinde antibakteriyel etkinlik sergilemistir. Sodyum aljinat miktarindaki artig su
emme kapasitesini artirirken, hava gegirgenliginde bir azalma gozlenmistir. Gelistirilen biyo-bazli hidrojel-tekstil kompozitleri, umut
verici mekanik, antibakteriyel ve sivi yonetimi oOzellikleri gostermis olup, siirdiiriilebilir medikal tekstil uygulamalarindaki
potansiyellerinin daha ileri arastirmalarla degerlendirilmesini desteklemektedir.
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