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Textile

Industry

Advantages

Disadvantages

1 trillion USD

7% of the world’s exports

35 million employees

One of the most 

pollutants releasing 

industries of the world

3



20%
Textile

Industry

World’s

wastewater

High levels of BOD and COD

Non-biodegradable organic 

compounds (e.g., dyes)

Synthetic dyes are potentially 

toxic, mutagenic, and carcinogenic

15-50% azo dyes do not bind to the 

fabric

Environmental impact 
of the textile industry
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NATURAL DYESSources Function

Ecological alternative to synthetic dyes

Plants

Minerals

Microbes

Insects

Lichens

Coloration

Antimicrobial

UV protection

Deodorizing
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Rubia tinctorum L. (Madder)

Low affinity for cotton fabrics, interaction mostly via 

weak Van der Waals forces, hydrogen bonding, and 

hydrophobic interactions.

Alizarin (Anthraquinone) 

Figure 1. European Madder.
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Mordants

Aluminium

Iron

Copper

Chromium

Potassium

Laccase

Quebracho tree extract

Chitosan

Tannic acid

Chestnut tree extract

Eco-friendly alternative

BiomordantsMetal

Improve the stability of natural dyes;

Formation of coordination complexes

with the natural dye molecule;

Improve washing and UV light

fastness.
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Figure 2. Chemical structure of laccase.

Laccase

Multicopper polyphenol enzyme capable of oxidizing phenolic hydroxyl

One-electron oxidation of phenolic to form phenoxy free radicals

by

Laccase can contribute to obtaining deeper colours and enhance the fastness of the dyes by 
polymerization of natural dyes containing phenolic hydroxyl groups
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Figure 3. Quebracho tree extract (Schinopsis spp.) 

(source and chemical structure).

Quebracho tree extract

Source of condensed tannins (~20%);

Tannins are naturally occurring water-soluble polyphenolic

compounds;

These groups help in colour fixation by forming effective

crosslinks with fibres and dyes;

Tannins are often combined with a metal salt to improve the

overall fastness of natural dyes;

Can improve washing and UV light fastness, as well as UPF.
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POSIT IONING
Presentations are 
communication 

tools that can be 
lectures.

Experimental work

Pre-treatment - Mordanting Dyeing - Exhaustion method 
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CIELab colour coordinates

Figure 4. CIELab colour coordinates.
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L a* b*

Control 79.58 13.36 12.06

Al 67.74 25.25 10.10

Fe 59.39 5.22 -1.69

Queb 78.44 8.91 12.95

Queb/Al 74.34 15.10 10.07

Queb/Fe 63.34 5.17 4.05

Lac 80.99 11.23 12.13

Lac/Al 72.97 17.15 8.75

Lac/Fe 60.70 5.44 -1.00
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Table 1. CIELab colour coordinates.



Colour strength (K/S)

After treatment with the metal compounds, there was an improvement in the K/S (higher in Fe);

Lac/Fe and Queb/Fe samples showed superior K/S than the others;

Samples treated with laccase and metals showed a higher K/S than those treated with quebracho;

Laccase and quebracho seems to be a viable option to reduce the use of metallic mordants in the textile industry.

Figure 5. Colour strength (K/S) of the dyed samples.
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Figure 7. UV light fastness of the samples.

In general, the inclusion of the metals, in their form and together with the tannin and the enzyme, improved the properties

under analysis;

Iron-treated samples showed more favorable washing fastness results than other treatments;

Both aluminum and iron treated samples showed better light fastness than untreated samples, except in Que/Fe samples.
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Figure 6. Washing fastness of the samples.
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UPF<15

Low protection

UPF 15-24

Good

UPF 25-39

Very good

UPF>40

Excellent

UV protection factor (UPF)

Figure 8. UV protection (UPF) of the dyed samples.

Samples treated with Fe present better results when

compared to Al;

Lac/Fe and Queb/Fe samples show very good UV

protection (UPF=25–39). This fact occurs due to the high

value of K/S and indicates that the complexation between

iron and tannin or enzyme improved this property;

K/S, fastness properties, and UPF were improved after

treatments with metallic mordants and biomordants.
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C ontro l
A f ter  

wa shing

A f ter  UV 

ra dia t ion
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The appl ication of biomordants seems to be a viable option to
reduce the use of metal l ic mordants in the texti le industry.

The need to use reduced amounts of metals has been proven to
achieve good UV light fastness and UV protection properties.

Al l the properties in study were improved when the pre-
treatment with the quebracho was performed.

In the case of laccase, only an improvement in UV light fastness
was observed.

Therefore, although it was impossible not to use metal l ic salts,
the appl ication of biomordants signif icantly reduced the need
for their use.

C
o

n
c

lu
s
io

n
s

16



Acknowledgments

Portuguese Foundation for Science and Technology (FCT), FEDER funds by means of Portugal

2020 Competitive Factors Operational Program (POCI) and the Portuguese Government (OE),

project Factor ST+ – grant number POCI-01-0247-ERDF-047124, for the research grants of C.A.,

M.F., and R.R.;

Authors also acknowledge projects: UID/CTM/00264/2019 and UID/CTM/00264/2021 of Centre

for Textile Science and Technology (2C2T);

AF II lab group.

Thank you

17


