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Extended abstract 

Protein fibre plays a significant role in the textile industry. It is the most useful fibre 

with outstanding properties. Moreover, they are “green” being a renewable 

resource and ecofriendly. In the case of wool it has been observed that dyeing is the 

most commonly used technique to enhance its aesthetic appeal. It has been reported 

that only 2% of total wool in the world is printed. The main reason of this is physical 

and morphological nature of wool.  

Chemical treatment brings about a change in the surface characteristics, in 

particular, in the scaly layer and in the chemical nature of wool fibre and protein 

fibres in whole, which makes the fibre more receptive to dyes resulting in different 

colour yield, fixation and colour fastness properties. Treatment can also be 

introduced in a textile processing, either to save energy or to reduce the amount of 

chemicals involved in the subsequent processing. 

According to investigation [1,2], red-ox systems can be used to enhance dye fixation 

and coloration performance. It is conjectured that, in presence of the redox system, 

free radicals are formed in both the fiber and the dye and the interaction between 

these free radicals favours postfixation of dye on the fiber surface. It is possible that 

this could create a covalent fixation in addition to the usual ionic links, hydrogen 

bonds and van der Waals forces.  

In this research work, woolen fabrics were colored in presence of redox system 

(ammonium persulphate – glycerol) and different amino acids (glutamic acid, 

arginine, lysine). 

Redox systems and amino acids were used both for pretreatment of the substrate 

prior to dyeing, and for direct applications to the dyebath and to the printing paste 

with an acid dye. The printing paste was applied to wool using the flat-screen printing 

technique. 

The influence of the redox system and additions of various amino acids on the 

fastness properties of color, stiffness of substrate, shrinkage and printability of wool 

fabrics is investigated. 

Merino wool fabrics were used for the dyeing and printing experiments. 

Spectral reflectance measurements of the colored fabrics were carried out using a 

spectrophotometer Specol 11. The color intensity expressed as K/S values of the 

printed samples was determined by applying the Kubelka-Munk equation. 



 

 

The color fastness to washing and to crocking was determined according to the ISO 

standard method 105-A01-99. 

Dyed samples were extracted with 50 % dimethylformamide (DMF) at reflux 

temperature for investigation of dye fixation (Fig.1). 

 

 
 

Figure1. The adsorption spectra of dyed wool single fibers after extraction with DMF: 

1 –pretreated sample; 2 – dyed with the addition of enhancers; 3 – dyed on the 

conventional recipe. 

 
The data shows that in the processes of dyeing best result of dye fixation was 

obtained in the case of pretreatment of substrate with redox system. 

The effect of treatment of samples on their printability with Acid Bright Red, as well 

as the fastness of the printed fabrics to washing and crocking, K/S values, and the 

dye fixation, expressed as percentage residual color strength after DMF extraction 

were investigated (Tab.1). 

 

 

 

 

 

 

 

 



 

 

Table 1. Fastness properties for untreated and treated printed wool with Acid Bright 

Red. 

 
 

Treatment 

 

K/S 

 

C, % 

Fastness to 

Washing Crocking 

Dry Wet 

Untreated 16,87 9,4 5/4/4 5 3 

Redox 19,01 43,21 5/5/4 5 4 

Redox+glutamic 

acid 

26,79 54,70 5/5/4 5 4 

Redox+arginine 21,74 46,72 5/5/4 5 4 

Redox+lysine 21,74 41,84 5/5/4 5 4 

 

Analysis of the K/S values shows that the intensity of the color printed fabric in the 

presence of a redox system and amino acids is higher than the sample printed 

without intensifiers, which indicates an increase of printability of the woolen fiber 

due to the formation of active sites and additional bonds. 

The residual colour strength of samples printed using redox system and amino acids 

was 41,84 – 54,70 % after DMF extraction, compared with 9,4 % for sample without 

additives; the superior fastness of the printed fabrics against washing and crocking 

shows that combination of amino acids and redox systems lead to an increased 

sorption and the formation of covalent bonds in addition to the usual ionic bonds 

between the dye and the wool fiber. 

In this paper, a comparative evaluation of the stiffness of the samples of wool fabric, 

printed in the presence of intensifiers was carried out. Stiffness of samples printed 

with addition of a redox system and amino acids reduced the average 3 times (390 

mN·cm2) compared to a control sample (stiffness – 1250 mN·cm2). It avoids the 

subsequent processing operation by special textile auxiliaries. 

Moreover, felting properties of printed wool samples were investigated by the 

standard method. Shrinkage of the sample printed without additives is 52%, and the 

samples printed in the presence of the studied additives, 15 – 20%. This fact is 

connected with the impact of the additives on the scaly layer of wool fiber. 

The surface appearance of untreated and treated wool fibers is presented on the 

photograph (Figure 2). As seen from the images, redox system and combination of 

redox system and amino acid leads to degradation scales on the surface of the fiber. 

 



 

 

a)  b)  c)  

Figure 1. Images of untreated (a) and treated: redox system (b), redox system + 

arginine (c) wool samples (zoom in 500 X) 

 

Application of printing paste with the addition of redox system (ammonium 

persulfate – glycerol) and amino acids essentially improves the wool quality, which 

was measured by a number of indices. The spectral characteristics of color of the 

printed samples, reducing the stiffness of the substrate, increasing the strength of 

color characteristics, and reduction of shrinkage of fabric show the effectiveness of 

the developed technology, discussed in this paper. 
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