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The textile industry, while essential to modern life, poses significant challenges to global sustainability due to its 
environmental impacts. Polyester (PET), as the most widely used fiber with the largest market share, and its 
recycled alternative (rPET), widely promoted as a more sustainable option, are central to these discussions. 
However, the sustainability of rPET requires further evaluation, particularly in terms of microfiber release. This 
study aims to reassess the sustainability of PET and rPET by comparatively investigating microfiber release 
behavior in plain and satin woven fabrics, focusing on the combined effects of material type and fabric structure. 
 
 Introduction 

 Microplastic pollution has become a critical global environmental issue, with synthetic textiles identified 
as a major source of microfibers released into aquatic ecosystems (Napper and Thompson, 2016). Polyester 
dominates the global fiber market, accounting for approximately 59% of total fiber production in 2024 due to its 
cost efficiency and performance advantages, while recycled polyester, which holds a 12% share within the 
polyester segment, is increasingly promoted as a more sustainable alternative within the textile value chain (Textile 
Exchange, 2025). However, recent studies suggest that mechanical recycling processes may alter polymer structure 
and reduce fiber durability, which can potentially increase microfiber shedding (Ajawa et al., 2021; Özkan and 
Gündoğdu, 2021). In addition to material-related factors, fabric construction parameters, particularly weave 
design, significantly influence fiber release by affecting yarn mobility and surface exposure (Berruezo et al., 2020; 
Cui and Xu, 2022). Therefore, a comprehensive assessment of both material type and fabric structure is necessary 
to better understand and mitigate microfiber emissions from textiles. This study investigates PET and rPET woven 
fabrics, specifically plain and satin weaves, to evaluate their combined effects on microfiber release. 
 
 Materials & Methods 

 PET and rPET yarns were provided by Polyteks within the scope of this study. Both yarns had a linear 
density of 300 denier and consisted of 96 filaments. The intermingling densities were 77 nodes/m for PET and 71 
nodes/m for rPET. Woven fabric samples were produced from PET and rPET intermingled yarns at Yünsa using 
a sample weaving loom. Fabrics were manufactured in two different weave structures: plain weave and 8-harness 
satin. All fabrics were produced with identical warp and weft densities of 27 ends/cm and 27 picks/cm to ensure 
comparability and to isolate the effects of material type and weave structure. 
 Fabric basis weight and thickness were measured using a precision balance and a fabric thickness tester, 
respectively. For washing tests, fabric samples were cut into 4 × 10 cm dimensions using laser cutting. Five 
specimens from each fabric type were conditioned under standard atmospheric conditions (20 ± 2°C and 65 ± 4% 
relative humidity) for 48 hours. Washing tests were conducted according to ISO 105-C06 using a gyrowash device 
at 40°C for 30 minutes under detergent solution and mechanical agitation. Released microfibers in the wastewater 
were collected via vacuum-assisted filtration using glass fiber filters with a 0.7 μm pore size. Microfiber 
characterization was performed using gravimetric analysis and image processing techniques to determine fiber 
mass, count, and length distribution. 
 
 Results 

 Gravimetric analysis indicated that rPET fabrics release higher amounts of microfibers compared to PET 
fabrics across all samples. This trend was further supported by fiber count analysis, which showed higher numbers 
of released fibers in rPET samples. In addition, the average fiber length in rPET samples was lower than in PET 
samples, suggesting increased fiber fragmentation. This behavior may be associated with polymer chain 
degradation occurring during the recycling process. Structural deterioration in the polymer backbone can reduce 
mechanical strength and increase brittleness, making rPET fibers more susceptible to breakage under mechanical 
stress (Lee et al., 2023; Bhattarai et al., 2023). Consequently, rPET fabrics tend to generate a higher number of 
shorter microfibers during washing. 
 



 
 

 Weave structure also plays a significant role in microfiber release behavior. Plain weave fabrics, 
characterized by a higher number of interlacements, exhibited a more compact and stable structure. This structural 
compactness limits yarn mobility and reduces fiber detachment, resulting in lower microfiber release and reduced 
variability. In contrast, satin weave fabrics, with longer floats and fewer interlacements, presented increased 
surface exposure and yarn mobility, which enhanced susceptibility to mechanical abrasion during washing and led 
to higher microfiber release. 
 When material type and weave structure were considered together, an interaction effect became apparent. 
The lowest microfiber release was observed in plain weave PET fabrics, whereas the highest values were found in 
satin rPET fabrics. This suggests that the combination of reduced material integrity (rPET) and less compact weave 
structure (satin) amplifies microfiber shedding. Conversely, tightly constructed structures such as plain weave may 
partially mitigated fiber release even in recycled materials. These findings are consistent with previous studies 
reporting that higher interlacement density reduces microfiber release, while increased float length enhances fiber 
detachment (Berruezo et al., 2020; Cui and Xu, 2022). 
  
 Conclusion 
 
 This study demonstrates that both material type and weave structure play critical roles in microfiber release 
behavior. rPET fabrics release more microfibers than PET fabrics, with a higher number of shorter fibers due to 
increased brittleness caused by polymer degradation during recycling. From a structural perspective, plain weave 
fabrics exhibit lower microfiber release and greater stability, while satin fabrics promote higher release due to 
increased yarn mobility and surface exposure. The combined effect of rPET material and satin weave results in 
the highest microfiber emission, highlighting the importance of considering both material selection and fabric 
design in efforts to reduce microfiber pollution. These findings provide valuable insights for the development of 
more sustainable textile products. 
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