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Extended abstract 

Light stability is one of the most important characteristics of coloured textiles [1-2]. 

Absorption of a light quantum is the initial step of all photochemical transformations.  

The dyestuff molecules intensively absorb the ultraviolet (UV) and visible regions of 

the irradiating light.   If the UV region of the irradiating light has been screened out 

then the rate of fading is slower.  The following compounds can be used as UV 

absorbers: benzophenone derivatives, benzotriazoles, acrylonitriles, piperidines and 

organometallic compounds [1]. 
 

The main kinetic studies of the following azo-dyes have been performed: Brilliant 

Red 5BX, Brilliant Red 6B and Orange GT. Plasticizer free cellulose hydrate film (CHF) 

(thickness: 35-45 mcm) and scoured, bleached and mercerized cotton fabric (138 g/ 

m2) have been used in the experiments. The mentioned substrates have been dyed 

with reactive dyes by standard method of discontinuous dyeing. The dyed substrates 

have been then after-treated by light stabilizers either by UV absorber 2-oxi-4-

octoxi-benzophenone (UVA 1) or by 2-(2-hydroxy-5-methylphenyl)benzotriazole 

(UVA 2), or by nitroxyl free radical (2,2,6,6-tetramethyl-4-oxo piperidine-1-oxyl (N-

1)) or by 2,2′-azobis(2-methylpropionitrile (N-2). Water or an organic solvent has 

been applied in dissolving the mentioned chemicals preparing solutions of 4 g/l 

concentration for the after-treatment. The impact of selected textile auxiliary 

substances (surfactant OP-10 (alkylphenol polyethyl glycol ether), levelling agent A 

(ionic active substance), dispersing agent (disodium-methylene-bis-naphthyl-

sulfonate)) on the lightfastness of coloured polymer substrates have also been 

studied.  The coloured polymeric substrates have been after-treated at 80 OC for 2 

hours in 4 g/l stabilizer and 2 g/l textile auxiliary substance containing aqueous 

solutions. The processed samples were dried at room temperature. Furthermore the 

coloured polymeric substrates have been after-treated from organic solvents 

(chloroform (30 min) and heptane (24 h)) at room temperature. The obtained after 

treated samples have been irradiated by “Xenotest 450” or by a super high-pressure 



 

 

mercury vapour lamp DRS-250. Kinetics of the occurred photo-fading has been 

followed either by UV-VIS Absorption Spectrophotometer or by UV-VIS 

Photoluminescence Spectrophotometer or by a Reflection Spectrophotometer. Light 

stability of dyed textiles has also been evaluated visually by a blue scale of 8 grades.  

Free radicals have been detected by Electron Spin Resonance (ESR) using a 

“Radiopan”   ESR-spectrometer. 

 

In preliminary experiments it has been established that the applied UV absorbers 

and nitroxyl free radicals, change the photo-degradation kinetics of the studied 

systems. Observed photo stabilizing effect is inconsistent. The obtained slight 

positive effect of photo stabilizer could be explained by its uneven distribution in the 

substrates. In Table 1, as regards the light fastness of differently treated coloured 

cotton fabrics, the same tendency can be observed. In most cases, there are no 

changes, or only a very small increase (0.5-1 grade) in the light-fastness can be 

observed. 

 

Table 1.  Lightfastness of cotton fabric dyed with different reactive dyes in the 

presence of different additives 

 
 Reactive azo dye Textile 

auxiliary 

substance 

Light stabilization  (by 8-point scoring system) 

Without 

additives 

UVA 

1 

UVA 

2 

UVA 

1 

N-1 

UVA

1 

N-2 

UVA 

2 

N-1 

UVA

2 

N-2 

1 Brilliant Red  5BX levelling 

substance 

A 

3 3 3 3-4 3 3-4 3 

2 Brilliant Red 6B 3 3 3 3-4 3 4 3-4 

3 Orange GT 3 3 3 3 3 3 3-4 

4 Brilliant Red  5BX OP-10 3-4 3-4 3 4 4 3-4 3-4 

5 Brilliant Red 6B 3 3 3 3 3 3 3 

6 Orange GT 3 3 3 3-4 3 3 3 

7 Brilliant Red  5BX dispersing 

agent 

2-3 2-3 2-3 3 3 3 3 

8 Brilliant Red 6B 3 3 3 3-4 3-4 4 3-4 

9 Orange GT 2-3 2-3 3 3 3 3 3 

 
More equal distribution of the light stabilizer could be achieved by introducing them 

in the polymer substrates from organic solvents. Significant changes could be 

observed (Fig. 1). Photo-fading was highly decelerated both in the presence of UVA1 

& N-1 and in the presence of UVA2 & N-2, respectively. However, due to the fact that 

dissolubility of additives in heptane solution is limited, the processing duration is 

long (24 hours), we preferred to use chloroform as a solvent. Effect of nitroxyl free 

radicals on the light-stability of the reactive Brilliant Red 6B dyed cellulose hydrate 

film could be evaluated from the photo-degradation kinetic curves (Fig. 2). 

Significant changes could be observed. Photo-fading was highly decelerated 

(approximately 4 times) by addition of N1, whose effect was slightly increased in case 



 

 

of the presence of UVA1 in the system. From the luminescence spectra of the 

reactive Brillant Red 6B dyed CHF can be assumed that the detected light-stabilizing 

effect occurs due to the uniform distribution of the dye and light-stabilizer molecules 

in the system. The luminescence of the dye has been decreased by 40-50 percent 

both in the presence of N1 and in the presence of UVA1 & N1.The same results have 

been obtained for the reactive dyed cotton fabrics. It could be demonstrated that all 

photo stabilizers showed a significant lightfastness improving effect. It is Important 

to note that in case of applying both additives simultaneously, there occurs a 

synergic enhancement effect. Washing (2 g/l surfactant, 40 OC, 10 minutes) the 

nitroxyl free radical containing cotton fabric resulted in decreasing the free radical 

concentration approximately by 50 %. However, their photo stabilizing effect was 

changed imperceptibly. It could be assumed that the stable free nitroxyl radicals 

have been removed mostly from the surface area of the substrate. It could be proved 

that mixture of UV absorbers and free nitroxyl radicals were the most effective 

luminescence extinguisher on both CHF and cotton fabric. Approximately a 60 %-

drop in the luminescence could be observed. 

 

 
 

Figure 1. Photo-degradation kinetic curves of the reactive Brilliant Red 6B dyed 

cellulose hydrate film (irradiation: DRS lamp; Do = initial optical density of CHF, Dt = 

optical density of CHF at t time of irradiation) 
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Figure 2. Photo-degradation kinetic curves of the reactive Brilliant Red 6B dyed 

cellulose hydrate film (CHF) (irradiation: DRS lamp, Do = initial optical density of CHF, 

Dt = optical density of CHF at t time of irradiation) 

 

As a conclusion it has been established that the light-stabilizing effect of UV 

absorbers and stable free nitroxyl radicals largely depends on the method of their 

introduction in a polymeric substrate.  Much better photo stabilizing effect could be 

demonstrated in case of adding the additives into the polymeric substrate from 

organic solvent.  Using this method resulted in reduction of dye luminescence. Also, 

light-stability can be improved by 1-1.5 grades.   
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