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Ecological problem of Reactive dyes 

Dyeing with reactive dyes uses an enormous quantity of water, a scarce resource. It 

is estimated that for 1 kg of cotton an average of 150 L of water are necessary for 

the total wet processing, mostly used for the washing-off of unfixed dye at the end 

of dyeing. A sequence of six washing-off baths for medium colours is needed. 

 

Technology 

Dyes in nanoparticles combine the properties of textile dyes (levelness, wash 

fastness and bright colours) with the advantages of the silica surface (functionality 

and insolubility in water). 

The dye is trapped inside the silica matrix, being inside the pores of the silica 

nanoparticles[1], providing an effective barrier keeping the dye from the 

surrounding environment, protecting it from photodegradation [2] and what is more 

relevant to washing-off, we believe it protects the dye from hydrolysis. 

The dyes are in a liquid aqueous stable formulation since inside the nanoparticles 

they are resistant to hydrolysis. It saves time and energy that is used in dissolving 

solid dyes, and it is not in the air, avoiding related health problems for the workers 

who are usually exposed to dye powder. Dispensing to the machines is easy, time-

saving and increases productivity. 

 

Printing 

The dyes are immobilized in silica nanoparticles through chemical bonds so that they 

are not separated from the nanoparticle during the process of application. In this 

form, they will fix onto cellulosic fibres like reactive dyes; if the immobilized dye is a 

reactive dye, in the same way as standard reactive dyes. The process is particularly 

efficient in printing, since the dye behaves simultaneously like a dye and a pigment, 

being both chemically and physically bound to the fibres. Since the dyes are 

protected from hydrolysis inside the silica matrix, unlike standard reactive dyes, very 

little hydrolyzed dye is formed and only 2-3 rinses after printing on cellulosic fibres 

are needed. They also save energy in the washing off, since 1-2 rinses are in the cold 

and 1 at 50 °C. Also, dyes leave very little colour in the effluent after printing, making 

this process very ecological. With ink-jet formulation, dyes in silica nanoparticles also 



 

 

need very little washing for the same reasons. Tests were done in a Ricoh machine 

with good results (still under review). 

 

 
Fig.1 Comparative Washing-off of immobilized reactive dyes (H2COLOR) 

 
Dyeing 

Reactive dyes immobilized in silica nanoparticles when applied in dyeing also save 

on washing-off, saving water, energy and time. Like in printing, they don’t need a 

boiling process, saving on energy, and only need 3-4 washing off baths, saving on 

water. 

 

 

 
Fig. 2. Dyeing with high temperature reactive dyes in nanoparticles (H2COLOR) 

 



 

 

The dyeing temperature depends on which dye is immobilized on the silica 

nanoparticles. If it is a vinylsulphone, such as C.I. Black 5, then the temperature of 

dyeing will be 50-60 °C. 

 

Toxicology 

The nanoparticles cause concern mainly when they are not biodegradable and are 

small enough to enter into the human body. “Nano” size has been defined as below 

100 nm and nanoparticles such as silver nanoparticles of sizes between 10 and 20 

nm are being barred gradually over the western world. Silica nanoparticles made 

from sol-gel are bigger than 100 nm and, as is the case presented here, are 

amorphous and biodegradable in the human body. Nevertheless, the particles are 

made so as to be destroyed by the alkaline washing process, being transformed back 

into silicate, leaving the dye behind and fixed to the fibre. It is, in a way, a controlled 

delivery process. This can be observed in the scanning electron microscope, SEM. 

 

 
 
Fig.3. SEM image of surface of fibre dyed with H2COLOR dyes, after washing-off 

 

Fastness 

The washfastness tests were always done at 60 °C in detergent, according to  

ISO105C06-C1 and to ISO105C03 as a means to compare immobilized dyes with 

standard reactive dyes, aiming for and obtaining the same high standards as 

standard dyes washed-off according to the standard process of 5 baths, 2 cold, 2 

warm and one at the boil. 

 

Indigo 

Other dyes, like indigo, not having reactive groups, can be immobilized in silica 

nanoparticles and applied like pigments, and fixed with a proprietary fixing agent, 



 

 

ready for wearing down the colour to give the worn look. They can be applied on 

jeans or on knitted garments. 

 

Wool 

Reactive dyes in nanoparticles can also be applied on wool, with less damage of the 

fibre and in a more ecological process, with no ammonia.  Dyes are applied at low 

acid pH to obtain intense bright colours with high exhaustion and good fibre 

coverage. 
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