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Abstract
Bio-based materials and new dyeing technologies have gained growing
interest, as companies actively want to enhance their products sustainability
and remove environmental and hazardous pollutants. This article describes for
the first time waterless dyeing studies using supercritical carbon dioxide (SC-
CO2) and a natural anthraquinone dye emodin for polylactide (PLA) and poly-
ester (PET) fabric colouration. The colour of the dyed materials was measured
as CIELab values, and the K/S (�max,abs) value was reported. Colour fastness to
rubbing and light was studied according to the relevant ISO standards. The
results show that the small size and hydrophobic nature of the anthraquinone
dye resulted in a uniform dyeing on PLA and PET fabrics with SC-CO2 dyeing
medium. The excellent rubbing fastness, and microscopic evaluation revealed
that the dye had penetrated into the fiber structure completely. Also the light
fastness properties were exceptionally high for natural dyes. Increased usage of
biodegradable and recycled materials in textiles would benefit from bio-
colourants which are stable under end-use conditions, produce bright colours
and have acceptable tinctorial strength.
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1 | INTRODUCTION

Colour is an essential part of the textile and fashion
industry. At the same time, when textiles are used in
increasing amounts, the environmental concern associ-
ated with textile production has become an important
issue to tackle.1,2 Textile producing processes include
many steps that employ great amounts of fresh water
and chemicals which have wide-ranging effects on the
environment. In particular, dyeing is one of those

stages which require enormous amounts of water.
Clean water resources, climate change and environ-
mental conditions result in severe droughts, making
water scarcity critical for future activities. Under the
pressure of sustainability and material efficiency, pro-
cesses have been developed to decrease water and
energy consumption. Bio-based materials and new dye-
ing technologies have gained increasing interest, as well
as alternative methods to reduce water usage. For bio-
based and degradable materials, bio-based dyes are an
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