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Challenges and Opportunities in
Achieving Reproducible Olives,
Browns, and Greys in Reactive

Dyeing.

ABSTRACT

Olive, brown, and grey shades remain some of the
most complex shades to reproduce reliably in tex-
tile dyeing. Unlike primary-based trichromatic sys-
tems, which offer predictable behaviour, these
compound shades depend on multi-component dye
formulations with uneven Substantivity, Exhaus-
tion, and Fixation (SEF) profiles. This mismatch cre-
ates significant reproducibility challenges in both
exhaust and continuous dyeing. This article ex-
plores the technical difficulties of dyeing such
shades, highlights the impact of dye chemistry and
application methods, and outlines pathways to-
wards more sustainable and reproducible shade
matching in textile coloration of Cellulosic Fibers.
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Challenges and Opportunities in Achieving Reproducible Olives, Browns, and Greys in Reactive
Dyeing.

Introduction

In textile dyeing, both colour physics and chemistry play a vital role. Colour physics explains how we
see shade using CIELAB coordinates (a* = red/green, b* = yellow/blue). Chemistry controls how dye
molecules attach to cotton fibres, how they move inside the fibre, and how stable they are after fixa-
tion.

Vat vs Reactive Dyes

Vat dyes work by reducing the dye to a soluble form, penetrating the fibre, and then oxidizing back
to an insoluble pigment inside the cotton. This gives them excellent fastness and predictable behav-
iour, which is why they were long preferred in continuous dyeing for workwear and military fabrics.
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Reactive dyes, on the other hand, are the main choice today for cotton. They provide bright shades,
good fastness, and wide application flexibility. However, their success depends heavily on how well
the dye balances affinity, reactivity, and fixation. While primary colours (yellow, red, blue) are usu-

ally designed with matched SEF profiles (Substantivity, Exhaustion, Fixation), secondary shades like

olives, browns, and greys create serious challenges.
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Why Reactive Olives, Browns, and Greys Dyestuff itself are not a successful approach towards the
dyeing systems and marching.
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1. They Are Tertiary (Desaturated) Shades with Narrow Colour Coordinates

In the CIELAB system, tertiary hues such as olive, brown, and grey occupy narrow, low-chroma re-
gions.

e This means that even a slight change in one dye component (for example, small variation in
concentration or fixation rate) can visibly shift the final shade.

e Unlike primaries or secondaries (which sit in open, high-chroma regions where hue correc-
tions are easier), tertiary shades are compressed and sensitive.
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2. Producing a self-Reactive olive, grey and brown dye are often approached with Metal Complexing
Chemistry for producing these chromophores. These commercial olive, brown, and grey reactive
dyes are metal-complex derivatives or mixtures of different reactive dyes chromophores.

e These metal complexes (commonly Cu, Cr, or Co based) are used to achieve the dull, earthy
tones required for these hues.

e However, such dyes tend to change shade with pH or temperature due to metal-ligand equi-
librium shifts, particularly noticeable during washing-off or conditioning.

e This makes reproducibility difficult and raises eco-compliance issues, as many metal-contain-
ing dyes are restricted under ZDHC and REACH regulations.

3. Mismatch in SEF (Substantivity, Exhaustion, Fixation) Profiles
Reactive dyes differ in how they migrate, exhaust, and fix onto cellulose.

e Producing a chromophore of reactive olive, brown and grey, component dyes (usually three
or more) rarely share similar SEF profiles.
e Asaresult, during dyeing:
o High-substantivity dyes strike quickly.
o Low-substantivity dyes migrate unevenly.
o Fixation rates differ, leading to center-to-selvage or lot-to-lot variation.
e Theissue is magnified in exhaust and pad-batch dyeing, where diffusion control is limited.
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4. Limited Compatibility in Continuous Systems

In continuous dyeing (Pad-Dry-Chemical-Pad-Steam), individual reactive olive, brown and grey can
perform acceptably only when all parameters; pickup, drying, alkali application, and steaming are
precisely controlled.

e Even then, prolonged runs show shade drift because the component dyes respond differ-
ently to changes in temperature, humidity, or pH along the fabric length.

e This makes such systems more demanding compared to primary-based trichromatic systems
with harmonized SEF behaviour.

5. Conditioning Sensitivity
Metallized or dull-reactive dyes continue to equilibrate with moisture and temperature after dyeing.

e If the dyed fabric is not properly conditioned (balanced in pH and humidity), subtle shifts in
reflection values appear, especially in low-chroma areas.

e This is why reactive olives, browns, and greys often show post-dyeing shade drift, even if the
process itself was tightly controlled.

Olives, browns, and greys are difficult in reactive dyeing because their colour physics gives a narrow
tolerance while their chemistry introduces high variability.

The combination of low chroma + chemical inconsistency creates a “double vulnerability” — making
these shades the hardest to reproduce consistently and sustainably.

For example, if an Olive shade needs bluer, the dyer faces confusion: should they add Grey? Brown?
Or Olive again? Unlike working with primaries, the overlap in tertiary colours adjusts imprecise.

In exhaust dyeing, reproducing these shades is most difficult because:

e Component dyes behave differently during exhaustion and fixation.

e Small process changes (salt, alkali, liquor ratio) cause visible shade shifts.

e Achieving lot-to-lot reproducibility is nearly impossible without heavy reliance on correc-
tions.

In continuous dyeing, some improvements are possible:

e Fully Continuous (Pad-Dry-Chemical-Pad-Steam): With strict control of pick-up, alkali, and
steaming, olives, browns, and greys can sometimes be achieved consistently with Reactive
dyes. But even here, long-run reproducibility is not guaranteed unless every parameter is
tightly managed.

e Pad-Batch (Semi-Continuous): This is harder. Uneven migration of components makes the
initial shade setting problematic, causing centre-to-selvage or roll-to-roll variation.

e Primary Trichromatic Systems: Shades built from Yellow, Red, and Blue with matched SEF
behaviour give smoother migration, uniform fixation, and predictable build-up—making
them more reliable in continuous dyeing.
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Chemistry and Eco-Compliance Issues
The chemical basis of these shades adds more challenges:

e Metallized reactive dyes provide depth and dullness but raise RSL and ZDHC compliance is-
sues.

e Shade sensitivity: Small changes in pH or temperature during washing or soaping shift the
shade.

e Conditioning: Stable shade appears only if fabric is properly conditioned (balanced tempera-
ture, pH, and moisture). Without this, reproducibility issues persist even when the dyeing
process was well controlled.

Towards More Reliable and Sustainable Solutions
Future progress lies in combining chemistry with process control:

1. Non-metallized dye design — new olives, browns, and greys built on eco-compliant chromo-
phores.

2. Primary-based trichromatic strategies — replacing metallized tertiary dyes with stable, har-
monized primaries.

3. Advanced process control — digital dosing and recipe management reduce variation.

4. Standardized conditioning — to lock in stable, reproducible shades.

Colour Physics vs Chemistry

From a colour physics point of view, narrowing down the spectrum by selecting tertiary shades such
as olives, browns, and greys seems logical. These hues sit in narrow, muted zones of the CIELAB
space, which means dyers can create certain families of shades, but with less flexibility than when
working from primaries, this concept works well with the Vat Dyeing Phenomena, where the dye it-
self is insoluble at the beginning of the dyeing, but been reduce to solubilise for application and oxi-
dized back to insoluble pigment into in the fiber. Less time for the dye movement before it’s been
oxidised.

However, when we move from theory to practice, chemistry takes control for Reactive dyeing.
Which differ in their migration, diffusion, and fixation behaviours. Even if the shade appears correct
under colour physics, mismatched SEF profiles between component dyes can destabilize the final
shade. Uneven migration, centre-to-selvage variation, and shade shifts during washing are all chemi-
cal realities that undermine the neat colour physics model.

In short, colour physics may justify the use of narrowed tertiary bases, but chemistry dictates
whether those shades remain stable and reproducible in production.

Conclusion
Olives, browns, and greys remain the toughest shades in reactive dyeing because of mismatched SEF

profiles and metallized chemistry. Exhaust dyeing offers little room for reproducibility, while contin-
uous dyeing works only under very tight controls. With growing eco-compliance demands, the
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industry must move towards non-metallized, sustainable dye chemistries and harmonized trichro-
matic systems.

Only then can we achieve consistent, reproducible, and environmentally responsible coloration of
these essential but complex shades.
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