N

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 06, June 2026)

Innovative Blending Processes: Mitigating Environmental

Impact in Sustainable Textiles

Apurva Sharma', Meenakshi Kakran?, Dr Anu Devi’

IStudent - MFA, Textile Designing, Department of Fine Arts, Shri Ram College, Muzaffarnagar, India
23 Assistant Prof., Department of Fine Arts, Shri Ram College, Muzaffarnagar, India

Abstract-- The textile industry is one of the biggest causes of
environmental pollution. It is responsible for about 8-10% of
global carbon emissions and nearly 20% of industrial
wastewater pollution. Traditional textile manufacturing,
especially the production of blended fabrics, uses large
amounts of water, energy, and chemicals. Blended fabrics like
polyester-cotton are popular because they are durable,
comfortable, and affordable. However, since these fabrics are
made from different types of fibers, they are very difficult to
recycle using normal recycling methods. As a result, a large
amount of textile waste is thrown into landfills or burned,
which harms the environment.

This research paper studies innovative blending processes
that can reduce the environmental impact of textile
production while supporting sustainability and circular
economy practices. The study focuses on mechanical,
chemical, and enzymatic blending technologies, as well as new
sustainable innovations such as Deep Eutectic Solvents (DES),
biodegradable fibers, and bio-based cross linking materials.
The paper also explains the role of Life Cycle Assessment
(LCA) in measuring the environmental impact of textile
products and processes.

The study shows that sustainable blending technologies can
help reduce carbon emissions, water pollution, chemical
waste, and resource consumption. These methods also
improve recyclability and increase the lifespan of textile
products. The research highlights the importance of using eco-
friendly materials and advanced recycling technologies to
make the textile industry more sustainable and
environmentally responsible.
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I. INTRODUCTION

The global textile and fashion industry has experienced
rapid growth over the past few decades due to
industrialization, globalization, and increasing consumer
demand. While the industry contributes significantly to
economic development and employment generation, it also
creates serious environmental concerns.
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Textile production involves intensive use of water,
energy, chemicals, and synthetic materials, leading to
pollution, greenhouse gas emissions, and waste generation.

One of the major challenges in the textile industry is the
widespread use of blended fabrics. Fiber blending is a
common practice used to enhance fabric performance,
comfort, durability, wrinkle resistance, and cost efficiency.
Polyester-cotton blends, commonly known as poly cotton,
are among the most widely used textile materials because
they combine the strength and durability of polyester with
the softness and breathability of cotton.

Despite these advantages, blended textiles present major
sustainability issues. Since different fibers are chemically
and structurally combined, recycling them becomes
extremely difficult using conventional recycling
technologies. As a result, most blended textile waste is
either dumped in landfills or burned, contributing to
environmental pollution and resource depletion.

To overcome these challenges, researchers and textile
manufacturers are developing innovative blending and
recycling processes that prioritize environmental
sustainability. These technologies aim to improve
recyclability, reduce resource consumption, and support
circular economy systems within the textile sector.

This research paper examines sustainable blending
technologies and evaluates their potential to mitigate
environmental impact in textile production

II. OBJECTIVES OF THE STUDY
The objectives of this study are:

1. To examine the environmental impact of conventional
textile blending processes.

2. To study innovative blending technologies used in
sustainable textiles.

3. To analyze sustainable recycling methods for blended
fabrics.

4. To evaluate the role of Life Cycle Assessment (LCA)
in textile sustainability.

5. To identify challenges and future opportunities in
sustainable textile blending.
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III. ENVIRONMENTAL IMPACT OF CONVENTIONAL

TEXTILE PRODUCTION

3.1 Carbon Emissions

The textile industry contributes significantly to global
greenhouse gas emissions. Synthetic fibers such as
polyester are petroleum-based materials that require large
amounts of energy during production. Textile
manufacturing, transportation, dyeing, and finishing further
increase carbon emissions.

3.2 Water Pollution

Textile dyeing and finishing processes generate large
quantities of wastewater containing harmful chemicals,
dyes, salts, and heavy metals. Untreated wastewater
discharged into rivers and lakes causes’ severe water
pollution and ecological imbalance.

3.3 Textile Waste

Fast fashion trends and short product lifecycles have
increased textile waste generation worldwide. Millions of
tons of discarded garments are sent to landfills annually,
where synthetic fibers take decades to decompose.

3.4 Micro plastic Pollution

Synthetic textiles release micro plastic fibers during
washing and disposal. These micro plastics enter oceans
and water systems, affecting marine ecosystems and food
chains.

IV. BLENDED FABRICS AND RECYCLING CHALLENGES

4.1 Importance of Blended Fabrics

Blended fabrics are widely preferred because they
combine the beneficial properties of different fibers to
enhance fabric performance and functionality. Polyester-
cotton blends, one of the most commonly used blended
fabrics, provide several advantages, including:

e High strength and durability
e Softness and comfort

e Wrinkle resistance

¢ Good moisture management
o Cost-effectiveness

Due to these properties, blended fabrics are extensively
used in apparel, home furnishings, sportswear, and various
industrial textile applications.

4.2 Recycling Difficulties

Conventional recycling methods face several challenges
when processing blended textiles. One of the major
difficulties is the separation of different fiber types that are
combined within a single fabric structure.
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During the recycling process, the quality and strength of
fibers often decrease, reducing their suitability for reuse in
high-quality textile products. In addition, recycling blended
fabrics involves high processing costs and complex
technologies.

The presence of dyes, chemical finishes, and other
textile treatments further complicates the recycling process
by creating contamination and affecting fiber recovery.
Another major challenge is the lack of advanced recycling
infrastructure and efficient large-scale recycling systems in
many regions.

Due to these limitations, blended fabrics are often
considered difficult or non-recyclable using conventional
textile recycling methods

V. INNOVATIVE BLENDING PROCESSES IN
SUSTAINABLE TEXTILES

Innovative blending processes focus on improving
sustainability while maintaining fabric performance and
functionality.

5.1 Mechanical Recycling

Mechanical recycling is a process in which textile waste
is mechanically shredded into fibers that can be reused for
spinning yarns or producing nonwoven fabrics. This
method is considered one of the most common and
environmentally friendly textile recycling techniques
because it requires minimal chemical treatment.

Advantages of Mechanical Recycling

Low chemical usage

Reduced energy consumption

Cost-effective recycling process

Suitable for recycling cotton and other natural fibers

Limitations of Mechanical Recycling

o Fibers may get damaged during the shredding process

e Recycled fibers often produce lower yarn strength

e Fibers cannot be recycled repeatedly for many cycles
without quality loss

Mechanical recycling is widely used for processing post-
industrial textile waste and manufacturing recycled cotton
products and nonwoven materials.

5.2 Chemical Recycling

Chemical recycling is a textile recycling process that
uses solvents and chemical treatments to separate and
regenerate fibers from blended fabrics. This method is
highly effective for recycling mixed-fiber textiles that are
difficult to process through conventional recycling
techniques.
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Common Chemical Recycling Techniques

e Polymer depolymerization
¢ Solvent dissolution
o Fiber regeneration systems

Advantages of Chemical Recycling

e Recovery of high-quality fibers
o Efficient separation of blended textile materials
¢ Possibility of closed-loop recycling systems

Challenges of Chemical Recycling

e High operational and processing costs

o Energy-intensive recycling procedures

o Careful handling and management of chemicals

required

Chemical recycling is particularly useful for recovering
polyester and cellulose fibers from blended textile waste
and supports the development of more sustainable textile
recycling systems

5.3 Enzymatic Recycling

Enzymatic recycling is a sustainable textile recycling
method that uses biological enzymes to selectively break
down natural fibers in blended textiles. This eco-friendly
process helps separate fibers without the use of harsh
chemicals and supports environmentally responsible textile
recycling.

Applications of Enzymatic Recycling

o Cellulose enzymes for degrading cotton fibers
e Protease enzymes for processing protein-based fibers
o Eco-friendly bio-processing and textile treatment

Advantages of Enzymatic Recycling

e Lower environmental impact

e Reduced chemical pollution

o Energy-efficient process

o Improved biodegradability of textile materials

Limitations of Enzymatic Recycling

e Slow processing speed
e High cost of enzymes
o Limited application at industrial scale

VI. EMERGING SUSTAINABLE TECHNOLOGIES
6.1 Deep Eutectic Solvents (DES)

Deep Eutectic Solvents (DES) are environmentally
friendly solvent systems created by combining hydrogen
bond donors and hydrogen bond acceptors. These solvents
are considered sustainable alternatives to conventional
chemical solvents used in textile processing and recycling.
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Benefits of Deep Eutectic Solvents (DES)

Low toxicity

Biodegradable properties

Efficient separation of textile fibers
Reduced environmental pollution

DES technology is particularly effective in recycling
blended textiles, as it can selectively dissolve cellulose
fibers from polyester-cotton blends. This process improves
fiber separation and enhances the efficiency of textile
recycling systems.

6.2 Bio-Based Cross linking

Bio-based cross linking agents are sustainable materials
derived from renewable natural resources and are used to
improve textile performance in an environmentally friendly
manner. These agents help enhance fabric properties while
reducing the use of harmful synthetic chemicals in textile
processing.

Examples of Bio-Based Cross linking Agents

e Citric acid

e Chitosan

e Tannins

¢ Plant-based polymers

Advantages of Bio-Based Cross linking

e Reduced use of toxic chemicals
e Improved biodegradability
e Better environmental safety and sustainability

These eco-friendly materials can effectively replace
conventional synthetic finishing agents, such as
formaldehyde-based chemicals, commonly used in the
textile industry.

Bio-based cross linking agents are derived from
renewable resources and are used to improve textile
performance sustainably.

Examples
Citric acid
Chitosan

Tannins
Plant-based polymers

Advantages

e Reduced toxic chemical use
e Better biodegradability
e Improved environmental safety

These materials replace conventional synthetic finishing
chemicals such as formaldehyde-based agents.
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6.3 Biodegradable and Recyclable Blends

Researchers are developing textile blends made from
biodegradable and recyclable fibers to improve
sustainability in the textile industry. These innovative
blends are designed to reduce environmental impact while
promoting efficient recycling and responsible resource
utilization.

Benefits of Biodegradable and Recyclable Blends

o FEasier recycling processes

e Reduction in landfill waste

e Enhanced circularity in textile production
e Lower environmental impact

These developments support sustainable fashion
practices and encourage environmentally responsible textile
manufacturing systems

VII. LIFE CYCLE ASSESSMENT (LCA) IN SUSTAINABLE
TEXTILES

Life Cycle Assessment (LCA) is a scientific method
used to evaluate the environmental impact of a product
throughout its entire lifecycle. In the textile industry, LCA
helps measure the environmental effects of textile products
from raw material extraction to final disposal or recycling.

7.1 Stages of Life Cycle Assessment (LCA)
The main stages involved in LCA are:

. Raw material extraction

. Fiber production

. Textile manufacturing

. Distribution and transportation
. Consumer use

. Disposal or recycling

7.2 Importance of LCA

Life Cycle Assessment helps identify the stages where
environmental impacts can be minimized and supports the
development of more sustainable textile production
systems.

AN AW —

Environmental Indicators Measured in LCA

Carbon footprint
Water consumption
Energy usage
Waste generation
Chemical pollution

Sustainable blending technologies generally demonstrate
lower environmental impacts compared to conventional
textile manufacturing and recycling systems.
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VIII. SUSTAINABLE TEXTILES AND CIRCULAR
EcoNnoMY

The circular economy model focuses on minimizing
waste and maximizing the efficient use of resources within
the textile industry. Unlike the traditional ‘“use-and-
dispose” system, the circular economy promotes recycling,
reuse, and sustainable production practices to extend the
lifecycle of textile products.

Principles of Circular Textiles

e Design for recyclability

Use of renewable resources
Long product lifespan

Reuse and recycling of materials
Reduction of textile waste

Innovative blending processes support circular economy
principles by improving the recyclability of textiles,
reducing waste generation, and decreasing dependence on
virgin raw materials.

IX. CHALLENGES IN SUSTAINABLE BLENDING
PROCESSES

Despite significant advancements in sustainable textile
technologies, several challenges still exist in the
implementation of sustainable blending processes.

9.1 High Costs

Sustainable textile technologies often require expensive
machinery, advanced equipment, and specialized
processing systems. These high investment and operational
costs can limit their adoption, especially in developing
regions.

9.2 Limited Infrastructure

Many countries lack proper textile collection, sorting,
and recycling facilities. The absence of well-developed
recycling infrastructure makes large-scale sustainable
textile processing difficult.

9.3 Technical Barriers

Some innovative recycling and blending technologies
are still under development and face challenges related to
efficiency, scalability, and compatibility with different
textile materials.

9.4 Consumer Awareness

Limited consumer awareness regarding sustainable
fashion and eco-friendly textiles reduces market demand
for recycled and sustainably produced products. Increasing
public awareness is important for encouraging responsible
consumption and supporting sustainable textile practices.
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X. FUTURE PROSPECTS

The future of sustainable textiles largely depends on
continuous technological innovation, strong government
policies, and responsible consumer behavior. As
environmental concerns continue to grow, the textile
industry is increasingly focusing on developing advanced
solutions that reduce pollution, conserve resources, and
promote circular economy practices.

Several future opportunities have the potential to
transform the textile sector into a more sustainable and
environmentally responsible industry. These include the
development of smart recyclable fibers that can be easily
separated and reused after disposal, improving the
efficiency of textile recycling systems. Artificial
Intelligence (Al)-assisted textile sorting technologies can
help identify and separate different fiber types more
accurately and efficiently, reducing recycling challenges
associated with blended fabrics.

Innovations such as waterless dyeing systems are also
gaining importance because they significantly reduce water
consumption and chemical pollution during textile
processing. In addition, researchers are working on fully
biodegradable textiles that can naturally decompose
without harming the environment after their useful life.

Closed-loop recycling technologies represent another
major advancement, as they allow textile materials to be
continuously recycled and reused within the production
cycle, minimizing waste and reducing dependence on
virgin resources. Furthermore, sustainable fashion
innovation is encouraging the design of eco-friendly
garments that prioritize durability, recyclability, and ethical
production practices.

Achieving a sustainable textile future requires strong
collaboration between governments, textile industries,
researchers, designers, and consumers. Through combined
efforts, the industry can adopt cleaner technologies,
improve recycling infrastructure, encourage sustainable
consumption, and reduce the overall environmental impact
of textile production.
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XI. CONCLUSION
The textile industry faces serious environmental
challenges due to pollution, waste generation, and

excessive resource consumption. Conventional blended
fabrics, although highly functional, are difficult to recycle
because of their mixed-fiber composition.

Innovative blending processes such as mechanical
recycling, chemical separation, enzymatic treatment, Deep
Eutectic Solvents, and bio-based crosslinking provide
sustainable alternatives for reducing environmental impact.

These technologies improve recyclability, conserve
resources, reduce pollution, and support circular economy
systems.

Although challenges related to cost, infrastructure, and
industrial scalability remain, continued research and
technological advancement can significantly transform the
textile industry into a more sustainable and
environmentally responsible sector.

Sustainable blending technologies represent an important
step toward achieving eco-friendly textile production and
reducing the environmental footprint of the global fashion
industry.
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