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Abstract:

This review investigates the transformative potential of solar dyeing in fabric art, emphasizing its environmental
advantages, creative opportunities, and practical uses. By harnessing solar energy as a heat source, solar dyeing offers a
sustainable alternative to traditional dyeing methods that typically depend on synthetic chemicals and high energy usage.
The article discusses various natural dye materials suitable for solar techniques, details the solar dyeing process, and
reflects on the aesthetic and tactile results observed through hands-on experimentation. Through comparative analysis
and personal reflections, the review highlights how solar dyeing not only minimizes ecological impact but also enhances
the artist's connection to nature, time, and materials. This article seeks to inspire fiber artists, educators, and
environmentally conscious creatives to embrace solar dyeing as a significant practice in sustainable textile art.
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I.Introduction

A greater understanding of the environmental effects of conventional dyeing techniques has contributed to the textile
and fiber arts community's recent shift toward sustainable practices. Using the sun's energy to extract and fix color from
natural sources onto fabric, solar dyeing is a straightforward yet effective method that stands out among these new
approaches. The low-tech, environmentally friendly alternative of solar dyeing is in line with slow fashion and
environmentally conscious artistry, in contrast to industrial dyeing, which frequently depends on high temperatures,
artificial chemicals, and significant water consumption. This review investigates the potential of solar dyeing as a
revolutionary technique for fabric art by drawing on experimental practicesand personal experiences. By
using this perspective, solar dyeing is not only considered as auseful method but also as a sustainable and
contemplative art form that promotes a more profound interaction with material, time, and nature.

Sustainable dyeing techniques have steadily increased in the textile industry as worries about climate change and
environmental degradation continue to influence creative and commercial practices. For both makers and artists,
one such technigue—solar dyeing—has become a highly inventive and intuitive process in addition to being a useful,
energy-efficient substitute.

Rethinking Color Through Sustainability

Conventional dyeing methods frequently use a lot of water, artificial chemicals, and high heat, which depletes
resources and causes pollution. A striking contrast is provided by solar dyeing, which extracts natural pigments by
using sunlight as a free, renewable heat source. With its low tool requirements and smaller environmental impact, this
technique is in line with the ideas of eco-conscious creation.

A Personal Turn Toward the Sun

Solar dyeing started outas an eco-friendly experiment for me, but it soon turned into a life-changing event. My
approach to fabric art was altered by working with plant-based dyes in the sun, which also increased my awareness

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM46571 | Page 1



http://www.ijsrem.com/

_"l . A
‘J;‘I-JSRE‘:R{'
% ... #2 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 09 Issue: 04 | April - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

of time, place, and seasonality. This review examines that experience and how solar dyeing has changed the way we
create.

Why Solar Dyeing Matters Now

Slow, thoughtful techniques like solar dyeing are both an ecological necessity and an act of artistic resistance in an
era of mass production and fast fashion. Beyond its visual appeal, solar dyeing encourages a comprehensive relationship
that encourages introspection and accountability between the artist, the environment, and the material.

I1.Materials and Methods

The process of solar dyeing is both accessible and adaptable, requiring minimal equipment and relying heavily on
natural resources. This section outlines the essential materials used, the preparation of both fabric and dye sources, and
the step-by-step methods followed in the solar dyeing process.

Materials Used

Fabrics: Natural fibers such as cotton, silk, wool, and linen were selected for their ability to absorb and retain natural
dyes. Pre-washed and mordanted fabrics yielded the best results.

Mordants: Alum (potassium aluminum sulfate) was primarily used as a non-toxic mordant to help fix color to the fabric.
Iron and copper mordants were also tested for tonal variation.

Dye Plants: A variety of plant materials were used, including onion skins, hibiscus petals, turmeric root, marigold
flowers, and avocado pits/skins. All were locally sourced or collected from kitchen waste.

Containers: Glass jars (preferably wide-mouthed and heat-resistant) were used as solar dye baths, allowing sunlight to
penetrate and warm the contents evenly.

Water: Tap water was used for most experiments, although rainwater was also collected and tested for subtle differences
in dye uptake.

Fabric Preparation

Fabrics were first scoured to remove oils, sizing, or other residues. A mordanting process followed, typically involving
soaking the fabric in a warm alum solution for several hours or overnight. Once mordanted, the fabric was either used
immediately or dried and stored for later use.

Solar Dye Bath Method

Layering: Dye plant materials and pre-treated fabric pieces were layered into glass jars, often in alternating layers to
maximize contact.

Filling: The jars were filled with water until all contents were submerged.

Sealing: Jars were sealed tightly to prevent evaporation and contamination.
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Exposure: Jars were placed in a sunny outdoor location, ideally receiving at least 6-8 hours of direct sunlight per day.
Duration of exposure ranged from 3 days to 2 weeks, depending on the dye material and desired intensity.

Observation: Color changes were monitored daily, noting pigment release, water discoloration, and fabric hue
development.

Finishing: After dyeing, fabrics were removed, rinsed thoroughly, and air-dried in the shade to preserve color.
Variables and Experimentation

Throughout the solar dyeing process, several variables were tested, including:

a. The impact of different mordants on the same dye plant

b. Effects of pre-soaking versus dry plant materials

c. Seasonal sunlight variation

d. Closed vs. open containers
These variations allowed for comparative analysis and a deeper understanding of how different elements influence dye
outcomes.

I11.Results and Observations

The outcomes of the solar dyeing experiments revealed a rich spectrum of colors, textures, and patterns, many of which
were influenced by variables such as plant type, fiber choice, mordant used, and duration of sun exposure. The process
not only yielded visually pleasing results but also offered insights into the unpredictable and organic nature of solar
dyeing.

Color Outcomes by Plant Material

Onion Skins (yellow and red): Produced a wide range of golden ochres, oranges, and soft browns. Alum-mordanted
cotton yielded a warm, even yellow, while iron-mordanted samples leaned toward olive green and rust tones.

Hibiscus Petals: Initially imparted a vibrant pink to the water, but the final fabric tones settled into muted lavender or
grayish mauves, especially on silk and wool.

Turmeric Root: Delivered an intense, bright yellow that faded slightly after rinsing. Color fastness was moderate, but
vibrant results were best on silk.

Marigold Flowers: Generated soft, sunny yellows and deeper amber hues. The color deepened with longer exposure
time and yielded particularly strong results on wool.

Avocado Pits and Skins: Created surprisingly soft pinks and dusty rose tones, with deeper hues emerging after 57 days
of exposure. Cotton and silk both held color well.

Fabric and Mordant Effects

Silk and Wool: These protein fibers absorbed color more richly and evenly than cellulose fibers. Silk, in particular, took
on nuanced tones and subtle gradients.

Cotton and Linen: While less vibrant, these fibers still responded well to strong dye baths and longer exposure times.
Pre-soaking and effective mordanting significantly improved results.

Mordants: Alum produced clearer, brighter shades, while iron darkened colors and introduced cooler, earthy tones.
Copper occasionally added a greenish tint, particularly in onion skin and hibiscus baths.
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Sun Exposure and Time

Longer sun exposure generally produced deeper, more stable colors. However, there was a threshold beyond which
colors began to dull, especially in delicate dyes like hibiscus. An optimal window of 5-10 days was identified for most
plant-based dyes under strong sunlight.

Patterning and Texture

A unique feature of solar dyeing was the development of organic patterns—including marbling, shadowing, and
imprint-like effects—caused by the uneven release of pigment, folds in the fabric, and direct plant-to-fabric contact.
These natural variations enhanced the artistic appeal of the finished textiles.

Challenges Observed

Inconsistent color uptake on certain cellulose fabrics, especially when under-mordanted. Fading in light-sensitive dyes
like turmeric when exposed to direct sunlight post-dyeing. Mold growth in closed jars during longer dye periods with
fresh plant material and high humidity.

IV.Current Researches on Solar Dyeing and Sustainable Textile Practices

In recent years, the field of sustainable dyeing has gained significant attention, particularly as more artists, researchers,
and industries seek eco-friendly alternatives to the conventional chemical-heavy processes traditionally used in the
textile industry. Solar dyeing, a technique that harnesses sunlight as a natural heat source to extract color from plant-
based materials, is at the forefront of this movement. Current research on solar dyeing explores various aspects, from the
efficiency of sunlight as an energy source to the optimization of plant materials and mordants used for fabric coloration.

Efficiency of Solar Dyeing Systems

One major area of current research focuses on optimizing the efficiency of solar dyeing processes. While solar energy is
an abundant and renewable resource, researchers are investigating how to make the process more efficient in terms of
dye extraction and color fastness. Studies have found that the intensity and duration of sun exposure play crucial roles in
the final color outcomes, with the optimal time for dyeing varying depending on the region, season, and climate.
Researchers are exploring ways to adapt solar dyeing to different geographical locations, understanding that regions
with consistent sunlight may yield more predictable and stronger results. The goal is to determine ideal conditions for
different types of dye plants and fibers, which can help practitioners achieve consistent, high-quality results.

Plant Selection and Dye Extraction

Another important area of research is the selection of dye plants that are well-suited for solar dyeing. While plants like
onion skins, marigolds, and hibiscus have been used for centuries, new studies are focused on identifying lesser-known
local plants that can provide a wider range of colors. Researchers are also looking into ways to improve the extraction
process, optimizing the amount of pigment extracted from plant materials under solar conditions. Innovative methods
such as pre-soaking, crushing, or using additional mordants to enhance pigment release are actively being studied.
Further, research into sustainable agricultural practices for dye plants is underway, aiming to reduce the carbon footprint
of growing dye crops. This includes the cultivation of dye plants that require fewer resources such as water and
fertilizers, as well as promoting the use of waste plant materials (e.g., food scraps, pruned plant parts) for dye extraction,
thus minimizing waste in both agricultural and textile industries.
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Mordants and Their Impact on Solar Dyeing

Mordants play a critical role in solar dyeing, as they help fix the dye to the fabric and enhance color retention. Current
research has focused on developing eco-friendly, non-toxic mordants that can replace conventional chemicals like
aluminum and copper, which often have negative environmental impacts. Studies have shown that alternative mordants,
such as tannin-rich plant materials (e.g., oak galls or sumac), can produce vibrant and color-fast results without harming
the ecosystem. Additionally, researchers are examining the role of metallic mordants, which are still popular in solar
dyeing, to understand their impact on fabric texture, durability, and color intensity.

Solar Dyeing and Circular Economy

One of the most exciting aspects of ongoing research is the integration of solar dyeing into the broader framework of the
circular economy. The circular economy emphasizes reducing waste, reusing materials, and creating sustainable
production systems. Solar dyeing naturally aligns with this model as it uses renewable energy (sunlight) and plant-based
materials that can often be sourced locally or even from waste products. Current research investigates how solar dyeing
can be scaled within the context of local, sustainable textile production, focusing on creating a closed-loop system in
which the dyeing process does not generate harmful pollutants or waste.

In particular, the reuse of natural dyes and the possibility of composting or reusing fabric waste post-dyeing are key
research topics. Researchers are looking into how leftover dye baths can be utilized for other purposes, such as
composting or bio-based materials, contributing to a more sustainable lifecycle for dyed textiles.

Colorfastness and Durability

An ongoing challenge in natural dyeing, including solar dyeing, is the issue of colorfastness—the ability of the fabric to
retain its color over time and with exposure to light, water, and wear. Many natural dyes tend to fade more quickly than
synthetic dyes, and solar dyeing can sometimes exacerbate this issue due to the prolonged exposure to sunlight. Current
research is focused on developing methods to improve the durability and longevity of solar-dyed textiles. Some studies
are exploring the use of natural fixatives or heat treatments to increase colorfastness, while others are developing
coatings or protective finishes made from non-toxic materials that could shield dyed fabrics from fading.

Future Directions in Solar Dyeing Research

As the popularity of eco-friendly textile practices continues to grow, solar dyeing is likely to see increased interest and
innovation. Future research may explore more automated or large-scale systems for solar dyeing that can be used by
textile manufacturers, reducing the environmental impact of industrial textile production. Additionally, the integration of
digital technologies such as sensors and Al could help optimize dyeing conditions based on real-time environmental
factors, improving the consistency and quality of the process.

Furthermore, research into consumer attitudes toward solar-dyed textiles, including their perceptions of color durability
and eco-credentials, will be critical for understanding how to scale these practices and integrate them into mainstream
markets. As sustainable fashion and circular economy models continue to evolve, solar dyeing could play a significant
role in transforming the way textiles are colored and produced, aligning with broader environmental goals and consumer
demands for eco-conscious products.

This area of research is dynamic and fast-evolving, offering exciting possibilities not just for artists and small-scale
textile producers but for larger textile industries seeking to reduce their environmental footprint. Solar dyeing represents
both an opportunity for innovation and a return to more traditional, environmentally responsible practices that are
deeply connected to nature.
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V.Conclusion

Solar dyeing offers more than just a method for coloring textiles—it represents a shift toward slower, more sustainable,
and more intentional creative practices. Through the simple act of harnessing sunlight and natural dyes, artists and
makers can reduce their environmental impact while deepening their connection to materials and the rhythms of nature.
This review has demonstrated that solar dyeing is accessible, low-cost, and capable of producing a wide range of subtle,
beautiful hues. Though the process may require patience and experimentation, it rewards practitioners with one-of-a-
kind results that reflect the interaction of plant, fiber, light, and time. Challenges such as inconsistent outcomes and
colorfastness remain, but these are often offset by the unique aesthetic and ecological value of the work. Ultimately,
solar dyeing invites us to rethink our relationship with color, consumption, and creativity. It empowers fabric artists to
explore a more harmonious and sustainable path—one where art is made not just with hands, but in collaboration with
the sun and the living world around us.
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