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Abstract 

This study explores the development of thermally insulated sacks made from recycled polyester and copper-

wrapped polyester blends to enhance warmth in extreme winter conditions for both children and adults. The 

integration of post-consumer recycled polyester (rPET) and thermally conductive copper fibers offers a 

sustainable and effective textile solution. Copper contributes superior thermal conductivity and antimicrobial 

properties, while rPET supports environmental objectives by reducing plastic waste. This work investigates the 

material properties, blending techniques, thermal performance, and sustainability aspects of these hybrid textiles. 

The practical utility of these sacks across sectors such as humanitarian aid, defense, and outdoor activities is also 

examined. Key challenges, including compatibility between components and cost constraints, are addressed, along 

with potential pathways for technological advancements in smart textile integration. The findings underscore the 

potential of copper-wrapped polyester/rPET sacks as an innovative and eco-friendly solution for cold-weather 

protection. 
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1. Introduction 

Extreme winter environments pose serious threats to vulnerable populations, including children and the elderly, 

necessitating high-performance protective textiles. Traditional insulating materials often fall short in 

sustainability, prompting a shift toward environmentally responsible alternatives. Recycled polyester (rPET), 

sourced from post-consumer PET bottles, and copper-wrapped polyester fibers are promising components for 

high-performance winter protection due to their respective durability and thermal properties. 

Copper's exceptional thermal conductivity and inherent antimicrobial nature contribute to warmth retention and 

hygiene. Meanwhile, rPET supports circular economy objectives, significantly reducing energy usage and 

environmental impact compared to virgin polyester. Recent advances in fiber processing technologies have 

enabled the development of hybrid textiles integrating copper onto polyester substrates through methods such as 

electroplating, chemical vapor deposition (CVD), and plasma coating. These copper-integrated textiles are 

increasingly classified as smart textiles due to their functional responsiveness. 

This article presents an in-depth review and performance analysis of recycled polyester/copper-wrapped polyester 

blend sacks, emphasizing their potential for applications in extreme cold conditions. 

2. Materials and Methods 

2.1 Recycled Polyester (rPET) 

Properties: 

• High tensile strength and durability 

• Moisture-wicking and breathable 

• Lightweight and recyclable 

• Lower carbon footprint compared to virgin polyester 

Recycling Process: 



Vol-11 Issue-2 2025  IJARIIE-ISSN(O)-2395-4396 
 

26038 ijariie.com 1688 

1. Collection and sorting of PET bottles 

2. Cleaning and shredding into flakes 

3. Melting and pelletizing 

4. Fiber extrusion via melt spinning 

2.2 Copper-Wrapped Polyester 

Properties: 

• High thermal conductivity 

• Antimicrobial resistance 

• Enhanced tensile strength 

• Aesthetic metallic finish 

Copper Coating Techniques: 

• Electroplating: Deposits copper ions on fiber surfaces in a controlled bath 

• CVD: Forms copper layers through chemical reactions 

• Plasma Coating: Uses plasma discharge to achieve uniform copper deposition 

3. Manufacturing Process 

3.1 Fiber and Yarn Production 

• rPET fibers are produced via mechanical recycling and melt spinning. 

• Copper-wrapped polyester is coated using CVD, electroplating, or plasma coating. 

• Blending ratios such as 80:20 and 70:30 (rPET:Copper-polyester) are explored for thermal efficiency. 

3.2 Fabric Formation 

• Weaving is used for durable, structural fabrics. 

• Knitting is preferred for stretchability and insulation in wearables. 

3.3 Finishing 

• Thermal treatment: Enhances dimensional stability. 

• Waterproof coatings: Improve weather resistance. 

• Antimicrobial finishes: Enhance hygiene by leveraging copper’s properties. 

4. Performance Evaluation 

4.1 Thermal Insulation 

Guarded hot plate testing confirms significant thermal retention improvements in blended fabrics due to copper’s 

conductivity. 

4.2 Mechanical Properties 

Martindale abrasion and tensile strength tests indicate the blend's high resistance to wear and deformation. 

4.3 Comfort and Breathability 

Moisture management testing shows effective breathability and wearer comfort. Wear trials validate ergonomic 

suitability for extended usage. 

5. Sustainability Considerations 
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Recycled polyester significantly reduces carbon emissions and waste, while copper coatings extend fabric life, 

promoting long-term sustainability. 

Key Impacts: 

• Up to 50% reduction in carbon footprint 

• Landfill diversion of post-consumer plastics 

• Potential for closed-loop recycling integration 

Certified sustainable practices (GRS, OEKO-TEX®) enhance credibility and traceability in supply chains. 

6. Applications 

The developed sacks demonstrate versatility in the following scenarios: 

• Winter clothing for children and adults 

• Military and tactical gear 

• Camping, mountaineering, and sports apparel 

• Emergency relief in humanitarian operations 

Their lightweight design, thermal performance, and durability ensure adaptability across multiple sectors. 

7. Challenges and Future Directions 

7.1 Current Challenges 

• Achieving copper-polyester compatibility without compromising flexibility 

• Cost-efficiency of advanced coating techniques 

• Need for eco-friendly alternatives to conventional copper deposition 

• Balancing warmth and breathability 

7.2 Future Research 

• Nanocoating technologies to reduce copper usage and processing costs 

• Smart textile integration for adaptive thermal regulation 

• Closed-loop recycling systems for circular sustainability 

• Expansion into medical, defense, and smart apparel sectors 

8. Conclusion 

The integration of recycled polyester and copper-wrapped polyester fibers results in highly functional, sustainable, 

and thermally efficient textiles suited for extreme winter conditions. By aligning with circular economy principles 

and leveraging advanced textile technologies, these blend sacks address critical needs in cold-weather apparel and 

emergency response gear. Continued innovation in processing and material science will further enhance the 

performance, affordability, and environmental impact of such products. 
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