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ABSTRACT: In this study, a hybrid sol-gel formulation based on silane and phosphorus/nitrogen containing components was applied
to cotton fabrics to enhance their flame-retardant properties. Prior to the application, a high concentration alkaline pretreatment was
performed to induce intramolecular swelling within the cellulose structure, reorganize hydrogen bonding and increase the accessibility
of reactive hydroxyl groups. The sol-gel system was developed by integrating flame retardant additives including phytic acid,
phosphoric acid, guanidine phosphate and urea into a silanol network formed by TEOS and GPTMS precursors. The prepared
formulation was applied onto the fabric surface via padding method followed by thermal curing to form a three-dimensional hybrid
structure. FTIR and XPS analyses confirmed the successful formation of a Si-O-Si network on the fabric surface and the incorporation
of phosphorus containing components into the system. TGA results demonstrated that the sol-gel coating improved the thermal stability
by increasing the degradation temperature. LOI and flame spread tests revealed a significant enhancement in flame retardant
performance after coating with LOI values exceeding 52%. However, post-washing FTIR and XPS analyses indicated a noticeable
reduction in phosphorus- and nitrogen containing species, which corresponded to a decrease in LOI to approximately 28%. Optical
microscopy further confirmed that although a homogeneous coating layer was initially formed on the fiber surface this layer became
thinner after washing. The findings indicate that while the silane-based inorganic network forms a relatively stable structural backbone
on the fabric surface, the flame-retardant performance is largely governed by phosphorus and nitrogen-containing additives. The partial
loss of these components during washing suggests that the interaction between the additives and the substrate is not sufficiently strong.
Therefore, this study demonstrates that achieving durable flame retardancy requires not only the deposition of functional additives onto
the surface but also their covalent integration with both the cellulose structure and the silane network.
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SILAN-FOSFAT ESASLI SOL-JEL iLE PAMUKLU KUMASLARIN GUC TUTUSURLUK
PERFORMANSININ GELiSTIiRILMESI

OZ: Bu ¢alismada, pamuklu kumaslarin alev geciktirici 6zelliklerinin gelistirilmesi amaciyla silan ve fosfor/azot igeren bilesenlerden
olusan hibrit bir sol-jel regetesi uygulanmistir. Uygulama dncesinde kumas yiizeyine yliksek konsantrasyonda alkali 6n iglem yapilarak
seliiloz yapisinda intramisellar sigme saglanmis, hidrojen baglart yeniden diizenlenmis ve reaktif hidroksil gruplarinin erisilebilirligi
artirtlmistir. Sol-jel regetesi, TEOS ve GPTMS onciilleri ile olusturulan silanol ag yapisi tizerine fitik asit, fosforik asit, guanidin fosfat
ve iire gibi alev geciktirici katkilarin entegre edilmesiyle gelistirilmistir. Elde edilen kaplama emdirme yontemi ile kumas ylizeyine
uygulanmis ve 1s1l islem ile ti¢ boyutlu hibrit bir yap1 olusturulmustur. FTIR ve XPS analizleri, kumas yiizeyinde Si-O-Si ag yapisinin
basariyla olustugunu ve fosfor igeren bilesenlerin sisteme dahil edildigini gostermistir. TGA sonuglart sol-jel kaplamanin termal
stabiliteyi artirarak bozunma sicakligini yiikselttigini ortaya koymustur. LOI ve alev yayilma testleri, kaplama sonrast numunelerde
belirgin bir alev geciktirici performans artis1 saglandigini ve LOI degerinin %52’nin {izerine ¢iktigini gostermistir. Ancak yikama
sonrast FTIR ve XPS analizlerinde fosfor ve azot iceren katkilarin azaldigr buna bagli olarak LOI degerinin %28’e diistiigii
belirlenmistir. Optik mikroskop goriintiileri de kaplama sonrasi lif ylizeyinde homojen bir film tabakasi olusmasina ragmen yikama ile
bu tabakanin inceldigini dogrulamistir. Elde edilen sonuglar, sistemde silan bazli inorganik ag yapisinin yiizeyde kalici bir iskelet
olusturdugunu buna karsin alev geciktirici etkinligin biiyiik dl¢lide fosfor ve azot igeren katki maddelerine bagli oldugunu gdstermistir.
Bu katkilarin yikama sirasinda uzaklagmasi sistemde baglanmanin yeterince giiglii olmadigini ortaya koymaktadir. Bu ¢aligma, ytiksek
alev geciktirici performansin siirdiiriilebilirligi i¢in katki maddelerinin yalnizca yiizeye tutundurulmasimin yeterli olmadigmi, ayni
zamanda lif yapis1 ve silan ag1 ile kovalent olarak baglanmasinin kritik oldugunu gostermektedir.

Anahtar Kelimeler: Sol-jel agi, Pamuklu kumas, Guanidin fosfat, Fitik asit, Gii¢ tutusurluk

*Sorumlu Yazarlar/Corresponding Authors: cetin.aka@deu.edu.tr
DOI: https://doi.org/10.7216/teksmuh.1939122 www.tekstilvemuhendis.org.tr

Cilt (Vol): 33 No: 143

Journal of Textiles and Engineer Tekstil ve Miithendis

SAYFA 148



