Pull-Out Energy Dissipation and Fracture Toughness of Plasma-Modified
Para-Aramid Soft Material

Erman Bilisik®®, Mahmut Korkmaz®, Esra Bakbak?, Giilhan Erdogan®, Kadir Bilisik*®"

“Nanotechnology Application and Research Centre (ERNAM), Erciyes University, Turkey

®Department of Nanoscience and Nanotechnology, Graduate School of Natural and Applied Sciences, Erciyes
University, Turkey

‘Mustafa Cikrikcioglu MYO, Kayseri University, Turkey
“Department of Electrical and Electronic Engineering, Ege University, Turkey

*Nano/Microfiber Preform Design and Composite Laboratory, Department of Textile Engineering, Faculty of
Engineering, Erciyes University, Turkey

* *kadirbilisik@gmail.com

Keywords: Plasma treatment; pull-out energy; fracture toughness.

Abstract. The pull-out energy dissipation [1-4]and fracture toughness of woven para-aramid
fabrics modified by low-temperature plasma-enhanced chemical vapor deposition (LT-PECVD)
were investigated with emphasis on single- and multi-yarn interactions [5]. Pull-out energy was
quantified from force—displacement responses by separating the contributions of crimp extension,
initial interlacement rupture, and stick—slip sliding [6], while pull-out fracture toughness [7] was
evaluated as the energy dissipated per unit area during yarn extraction within the stick—slip regime.

Results demonstrate that total pull-out energy increases markedly with the number of extracted
yarns, confirming the dominant role of collective yarn interactions and frictional confinement in
woven architectures [8-10]. However, plasma-treated fabrics exhibited a pronounced reduction in
pull-out energy compared to pristine, particularly under multi-yarn extraction. For three-yarn pull-
out, plasma modification led to nearly a 50 % decrease in total energy dissipation, primarily due to
reduced stick—slip and interlacement rupture contributions. This behavior is attributed to
treatment-induced relaxation of the woven structure, which lowers packing density and normal
pressure at warp—weft crossover regions, thereby diminishing friction-controlled energy
dissipation.

A consistent trend was observed in pull-out fracture toughness. The pristine fabric showed the
highest toughness across all fabric opening lengths, while plasma-treated fabrics the lowest.
Maximum fracture toughness values reached approximately 3.8 kJ m2 for pristine under three-yarn
extraction, compared to about 1.4 kJ m™ for plasma-treated fabrics. Increasing fabric opening
length resulted in a systematic decrease in fracture toughness for all cases, reflecting progressive
loss of interlacement confinement [11].



The combined energy and fracture toughness analyses reveal that although plasma treatment
effectively tailors fiber surface characteristics, it compromises network-level mechanical
confinement that governs energy absorption in woven para-aramid [12]. These findings highlight a
critical trade-off between interfacial surface modification and macroscopic fracture resistance,
providing mechanistic insight for the optimization of advanced textile architectures subjected to
friction-dominated deformation and damage processes.
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