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Abstract 

 

Dyeing cellulosic fibres with reactive dyes wastes great quantities of salt and water. 

The objective of this work is to dye cellulosic fibers using coloured nanoparticles (CNPs) as an 

alternative to dyeing with reactive dyes, without salt and with only a short washing-off procedure at the 

end of dyeing. 

Samples of cotton were dyed by exhaustion with CNPs at light to medium colours. Washfastness results 

are given. Complete Washing-off sequence after dyeing was not necessary for the red and yellow 

colours, only one rinsing. The blue colour needs some washing off since the fastness is lower than for 

the other colours even though soaping is not necessary, saving energy and time relative to dyeing with 

reactive dyes. 

 

 Introduction  

 

The textile industry has been considered an activity of high impact on the environment mainly due to the 

effluent having high concentrations of organic compounds and visible coloration. Wet processes of the 

textile industry (pre-treatment, dyeing and finishing) consume wide amounts of water and energy [1]. 

The costs of using great quantities of water or treating waste in industrial processes like conventional 

dyeing of textiles is a serious concern for textile manufacturers and finishers. 

Of all dyed textile fibres, cotton occupies the number-one position, and more than 80% is dyed with 

reactive dyes. Unfortunately, this class of dyes is also one of the most unfavourable one from the 

ecological point of view, as the effluents produced are relatively heavily colored, contain high 

concentrations of salt and exhibit high BOD/COD values. Dyeing 1 kg of cotton with reactive dyes 

requires an average of 100–150 L water and 0.6 kg NaCl. The composition of the dyebath contains solid 

particles (cotton fibres), dyeing auxiliaries (organic compounds), hydrolyzed reactive dyes, substantial 

quantities of alkalis (sodium carbonate and soda ash) and very high concentration of sodium chloride or 

sodium sulphate [2]. 

Using appropriate synthesis conditions and by careful selection of dyes, a large number of dye 

molecules can be incorporated inside a single silica particle. In previous work coloured silica 

nanoparticles were applied to wool fibres with good results on the washfastness and the levelness. 

Preliminary studies were also done on silk and cotton with light colors [3]. 

These studies work have led to the present work of dyeing cotton fibres with colored nanoparticles in 

medium colours.  

 

Nanoparticles preparation and characterization 
 

Silica nanoparticles containing dyes and other water soluble compounds have been obtained using 

different methods. In this work silica nanoparticles containing dye, were obtained from a typical sol-gel 

reverse emulsion (W/O) with an aqueous dye solution. The process was an adaptation of the Stober 



 

method.[4]. A dye was then immobilized onto the nanoparticles by a doping method [5,6]. Dyes were 

chosen amongst small molecular weight acid dyes so as to pack sufficient dye into the particles. The 

nanoparticles were characterised previously by TEM and SEM, and their size had been measured in a 

previous work on their application to hair [7]. 

 

Dyeing with Colored Nanoparticles  
 

Cotton fabric (100%) was dyed in a solution containing a dispersion of CNPs at a liquor to fabric ratio 

of 10:1. The cotton CNPs dyeing experiments were performed at 80ºC and at pH 8, and were carried out 

in a Linitest machine. For the control experiments, fabrics were dyed using the same conditions 

described above, except that instead of using CNPs, dyes at the same concentration, were used. By using 

a relatively high temperature (80ºC) it was possibly to insert the nanoparticles inside the yarns. Tha 

nanoparticles form aggregates that will not come off when washing at low temperatures (40ºC). 

By measuring the K/S the equivalent concentration of CNPs was calculated. In previous work the colour 

uniformity and the fastness to washing and to staining of cotton samples dyed with CNPs, were at least 

as good as those obtained by reactive dyes at 0,15%.[3].  

In this work different dyes were used to prepare the CNPs so as to obtain darker colours. For the red 

colour it was possible to increase the K/S, obtaining an equivalent dye concentration of 1.5%. 

Washfastness was done according to ISO105CO6-A1 (40ºC). 

 

 

Table 1. Comparison of cotton fabrics dyed with different concentrations of red CNPs 
 

Equivalent 

dye 

concentratio

n 

K/S Wash fastness 

Colour alteration Staining on 

cotton 

0.15% 

o.w.f. 

0.75 4-5 5 

1.5% o.w.f. 4.92 4 5 

 

 

As can be seen from table1, build up was possible up to 1.5% o.w.f.. Even at this concentration the 

washfastness only with one rinsing was high.  

CNP´s for the other colours in the thricromy, royal blue and golden yellow were also prepared. The K/S 

and fastness results are in table 2. 

 

Table 2. Comparison of cotton fabrics dyed with different concentrations of blue and yellow CNPs 

 

  K/S Wash fastness 

Colour 

alteration 

Staining 

on cotton 

CNP’s blue 1.5% 4,69 3 3 

CNP’s yellow 1.5 % 1,48 4 4 

 

 



 

Ecological issues 

 

The method of dyeing with CNPs has great environmental benefits compared to traditional processes. 

The dyeing of cotton does not require salt (in cotton) and washing off is a lot less and soaping not 

necessary, saving time and large quantities of water and energy. Washing off of the CNPs is easier than 

washing off hydrolysed dye since the affinity is a lot lower for the CNPs. Judging from the washfastness 

results of table 1, only the blue colour probably needs a sequence of rinses at 60ºC but no soaping. The 

other colours only need one rinsing in cold water. 

Another advantage is to obtain an effluent with more ecological parameters, since most of the colour is 

in the form of silica nanoparticles and can removed by precipitation. 

Using this technology, the effluent resulting from dyeing with CNPs has no free dye. From the waste 

water, the colour seen is due to the presence of CNPs that were not absorbed by the fibres, which after 

an hour settle to the bottom of the tank, allowing the separation of the solid phase (CNPs), from the 

aqueous phase (water), as shown in Fig.1. After phase separation is possible to reuse the water and the 

CNPs in a new bath dyeing. 

                                   
 

 
Fig. 1: Separation of the aqueous phase from the solid phase (CNPs). 

  

Since no dye is left in the effluent and it is easy to separate de CNPs from the dyeing bath, the CNPs and 

the water can be recovered and reused. 

 

Conclusions 

  

Cotton fibres were successfully dyed with CNPs with no salt. Cotton fabrics showed good fastness to 

washing and to staining, and showed good colour uniformity. The process is a lot more ecological than 

traditional dyeing, using no salt and less water, and with the coloured nanoparticles there is the 

possibility to recover and reuse water and CNPs from previous dyeing. 

Even though the nanoparticles are reusable, the large amount that is left in hte effluent is a problem. This 

is due to the lack of affinity of the nanoparticles for the substrate. 

Next steps are the use of CNPs at a larger scale in industry, so as to validate the ecological results.  

 

Acknowledgement 

This work was financed by the ADI-Agência de Inovação, Portugal. 

 

References 



 

[1] Robinson, T., McMullan,T., Marchant, R.,Nigam ,P. “Remediation of dyes in textile effluent: a 

critical review on current treatment technologies with a proposed alternative”, Bioresource Technology, 

2001, Vol.77, 247-255. 

[2] Allègre, C., Moulin, P., Maisseu, M., Charbit, F. “Treatment and reuse of reactive dyeing effluents”, 

Journal of Membrane Science, 2006, Vol. 269, 15-34. 

.[3] S., Maia, F., Gomes J. R., “Colored nanoparticles for ecological dyeing of wool, silk and cotton”, 

22
nd

 international IFTACC congress, Stresa, Italy, 6-8 May 2010. 

[4] Stober, W., Fink, A., Bohn, E., “Controlled growth of monodisperse silica spheres in the micron size 

range”, J. Colloid Interface Sci., 1968, Vol. 26, 62-69. 

[5] Yan, J., Estevez, M., Smith, J., Wang, K., He, X. Wang, L., Tan, W., “Dye-doped nanoparticles for 

bioanalysis”, Nano Today, 2007, Vol. 2 (3), 44-50. 

[6] Fujiwara, M., Shiokawa, K.., Hayashi, K.,. Morigaki, K., Nakahara, Y., “Direct encapsulation of 

BSA and DNA into silica microcapsules (hollow spheres)”, Journal of Biomedical Materials Research 

Part A, 2007, Vol.81A, 103-112. 

[7] Sampaio, S., Maia, F., Gomes. JI.N.R., “Diffusion of coloured silica nanoparticles into human hair”, 

Coloration Technology, 127 (2011), 55–61. 

 

 

  

 


