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The durability of dyed and printed textiles is largely determined by their resistance
to the light beams. When considering this problem, it is important to analyze the
light stability of all components of the system ,polymer-dye-additives“. However, in
most cases, special emphasis should be placed on the dye as a limiting element of the
photostability resource. Photochemical transformations of the system begin as a result
of the absorption of a light quantum. The coloring molecule included in the system
intensively absorbs the ultraviolet (UV) and visible regions of the spectrum, from which
the UV region has a special effect on the photodegradation process of the molecule. The
reason for this may be that the photon energy of the UV light beam is proportional to
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the photoionization energy of the covalent bond in the dye-stuff molecule. In such a
case, the photodestruction of the dye-stuff molecule takes place without the formation of
stable intermediate products, and it is difficult to avoid it. It has been established that in
the model systems, it is possible to delay the photodestruction process through chemical
screening of UV radiation, which is related to the introduction of various additives into

the polymer matrix and increasing the system’s light stability.

Keywords: Photochemical transformations; ultra-violet irradiation; free radicals;

light-stabilizing effect.

Introduction. One of the important features of dyed and printed textiles
is resistance to light and weather. When considering the light stability of the
system “polymer-dye-additives”, special attention should be paid to the stability
of the dye-stuff, as the weakest link of this system (Sirbiladze... 2003, Vig... 2007,
Sirbiladze...2015).

Quantitative studies of the photodestruction mechanism of dyes used for
textile dyeing are practically absent in the Georgian scientific literature.

The initial stage of the photochemical transformation of this system is the
absorption of a light quantum. The dye-stuff molecule intensively absorbs
the ultraviolet (UV) and visible regions of the light, and photochemical
transformations begin that can be stopped or minimized by neutralizing the light
beam.

Theoretically, the most active UV part of the light beam can be neutralized by
using compounds that intensively absorb UV radiation and protect a dye polymer
molecule from disintegration.

The effect of UV radiation neutralization can be determined by the screening
constant (y), which depends on the absorption coefficient of the organic
compound included in the system, its concentration, and the thickness of the
absorbing layer of a polymer matrix.

Various types of organic compounds can be used as UV absorbers. including
benzophenone derivatives, benzotriazoles, acrylonitriles, and piperidines.

The studies were conducted in the laboratories of the Department of Organic
Chemical Technology of the Budapest University of Technology and Economics
and the Department of Design and Technology of Akaki Tsereteli State University.

Experimental part. At the initial stage of the experiment, the electronic
paramagnetic resonance (EPR) method was used to introduce the kinetics of the
formation and accumulation of free radicals in a polymer matrix. The experiment
was conducted on undyed and dyed cotton fabrics and hydrated cellulose film.
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We irradiated the test samples under natural insolation conditions and in the
artificial light and weather instrument “Xenotest 450, and registered free radicals
using a Radiopan ESR spectrometer.

No EPR signal was observed, or very weak singlet spectra were observed on
the test samples before irradiation. After the dyed cotton fabrics were irradiated
on the “Xenotest 450” device, EPR singlet spectra of different intensities were
registered, the width of which was 10-13 gauss.

The analysis of the kinetic process revealed that the number of free radicals
generated on the dyed fabrics is much higher than on the non-dyed fabrics.
A significant influence of the dye concentration in the matrix on the number
of generated paramagnetic centers was also revealed, and it increases with an
increase in the concentration of dye molecules in the cotton fabric.

Experiments have established that after irradiation, the formation of free
radicals is actively taking place in the matrix, and this process is due to the
absorption of light quantum by the dye-stuff molecule. Based on this, further
research was devoted to studying the influence of intensively absorbing organic
compounds and stable nitroxyl radicals on the course of the radical-chain process.
It was established that benzophenones and nitroxyl free radicals changed the
investigated systems’ photodestruction kinetics. The positive effect of their action
is unstable and is explained by its unequal distribution in the polymer substrate.

These results can be evaluated by analyzing the kinetic curves of the
photodestruction of cotton fabric and hydrated cellulose film. Kinetic curves
recorded on an HP UV-VIS 8452A spectrophotometer show that no significant
changes in dye concentration are observed. A better result in terms of the delay of
disintegration of the dye-stuff molecules is obtained if 4-hydroxybenzophenone
and nitroxyl radicals are used simultaneously.

Similar results were obtained when studying the photodestruction kinetics of
cotton fabrics dyed with active dyes. Irradiation of the dyed fabrics was carried
out on the artificial light weather device ,Xenotest 450, and the light stability
was evaluated by comparing with the blue scale reference standards, according to
an 8-point system. The data analysis shows that a better effect of light stabilization
is achieved when using a mixture of UVA 2 and NR 2.

Although the increase in the light stability of the dyes used in the research
process by 0.5-1 points is significant and corresponds to a 15-20%-increase in
the service life of the textile material, better results can be obtained with a more
uniform distribution of light stabilizers in a polymer matrix.

Uniform distribution of light-stabilizing additives can be achieved by
introducing them into substrates from organic solvents. The experiment
confirmed that after the introduction of NR into the polymer matrix from the
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heptane solution, the rate of photodegradation of the polymer dyed with active
bright red 6B dye was significantly slowed down (about 4 times) and the light-
stabilizing effect was further increased after adding the UVA 2 to the system.
Similar results were obtained from the study of photochemical destruction
kinetics of bright red 5BX and orange GT active dyes.
Conclusions. It has been established that:
1. The dyes used in the experiment in the polymer substrate initiate a radical-
chain process, and the number of radicals generated in the system is directly
proportional to the concentration of the dye and the irradiation time.
2. Ultraviolet absorbers and free nitroxyl radicals used in the experiment slow
down the process of photodegradation of the dyes, and their stabilizing effect
largely depends on the method of their introduction into the polymer substrate.
3. Abetter effect of light stabilization is manifested in the case of the introduction
of additives into the polymer substrate from an organic solvent.
4. The introduction of the UV absorber and stable radicals into the polymer
matrix leads to an increase in the light stability of the colored polymer by 0.5-1
points, according to an 8-point system.
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