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ABSTRACT

In this presentation, the part of the results of the investigation of possibilities of the formation of the
copper selenide layer on the surface of the different fibres is presented. For the modification of the
researched fibres, the two-stage adsorption-diffusion process was used. Thread waste from Lithuanian
companies was investigated in the work. The aim of these studies is to evaluate the possibility of
evaluating the formation of the layer by observing the change in mass after each cycle of modification.
The presence of a layer of CuSe particles on the surface of the treated fibres was confirmed by SEM
analysis. The mass gain of modified fibres can be taken as an indicator of the coating process; however,
in the case of natural fibres (especially cellulosic), the possibility of fine fibres pieces falling off should
be considered.
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INTRODUCTION

Recently, researchers face the challenging task of finding a way to use industnal waste as secondary
raw material for new applications. At this time, it has often been emphasized that textile waste is one of
the largest sources of pollution in the world. Using industrial textile waste for the creation of new
functional composites is a viable area for the development of sustainable technologies. New composite
materials for special purposes with varying combinations of physical and chemical properties can be
obtained by using polymers modified with thin semiconductive or electrically conductive layers of
binary inorganic compounds. In the past decades, semiconductor nanomaterials have received broad
attention because of their novel electronic, optical, photoelectnic, and thermoelectric properties. As an
important semiconductor, copper selenide (CusSe) with nanostructure has potential applications in
various fields, such as optical filters, highly efficient solar cells, superionic conductors, electro-optical
devices, photo-thermal conversion, electro-conductive electrodes, microwave shielding coatings, etc.
[1].

In this study, the part of the results of the investigation of possibilities of the copper selenide layer
formation on the surface of the different fibres is presented. For the modification of the researched fibres,
the two-stage adsorption-diffusion process was used. In this work, thread waste from Lithuanian
companies was investigated in this work.

The SEM analysis of modified materials surface and the determining of the chemical composition of the
crystal agglomerates are most commonly used to confirm the fact of the successful samples treatment
process. However, in the case of the multicycle modification process, in search of optimal process
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conditions or in fast pilot experiments, it s appropriate to observe the weight gain of the modified
samples. The textile mass gain can be taken as an indicator of the coating process. Successful
modification of the semiconductor metal oxide cluster compound by a series of Ti:51 molar compositions
of the fibre surface of the cotton textile was also confirmed with an increase in mass [2]. Scientists from
England and Germany studied the possibilities of coating polyester cloth with Cu particles. In this work,
the efficacy of different catalysts was determined by characterising electroless copper plated textiles in
terms of mass gain (after plating), coating coverage, and deposit morphology using SEM [3]. A group
of scientists from the Czech Republic proposed a simple way to prepare electrically conductive
multifunctional fabrics made by imparting copper nanoparticles followed with copper electroplating.
An incrcasc in cloctrical ]:mp-crtic: was nn.u]:r:l:d. with the \TI:;E"II ga.in ratc of coatcd knittcd fabnc
{Cotton:Mylon:Elastane / 80:15:5) was analysed [4]. Because it is known that chemical finishing on
wool fabric generally increases the fabric weight, this indicator was used to evaluate and explore the
new wool bleaching approach [5].

MATERIALS AND METHODS

The investigated samples were treated in a thermostatic vessel using a continuously stirred K:5e5:05
solution. The 0.1 mol=dm™* solutions of K:5¢5:0; in 0.1 mol*dm® HC1 were used. Then, the samples
were treated with a Cu(Il/T) salt solution, and and the copper selemde layers on the samples formed. The
Cu(ILT) salt solution was prepared using a crystalline CuS0s-5H20 and a reducing agent hydroguinone.
Itis a mixture of univalent and divalent copper salts consisting of 0.34 M Cu(Il) and 0.06 M Cu(I) salt.
A more detailed medification method is provided in a previously published article [6].

The mass of the investigated fibre samples was measured with AB104-5 Analytical Balance {Mettler
Toledo) featuring a measurement range of 110 g = 0.1 mg, a scale interval of (L1 mg and an error

{0 = 0.1) mg. The percentage change in the mass of the samples Am was calculated according to the
formmula:

Asr = ((m, — )/ ) 100P% [1]

where, my is the mass of an untreated sample (mg); m, 1s the mass of the sample after treatment {mg);
n is the number of the treatment cycle.

Nine tvpes of waste from different fibres (cotton, flax. bamboo. ramie, wool. PES, PAG6. PAGH, and
PAN) were used for this experiment.

RESULTS AND MSCUSSION

Tl'liﬂ wm‘l: |.|:4:1:1 a h\'o—:‘bc]: ndampti.om’d:ifﬁul‘cn mcl‘l'l.m:l. rcu' 1‘]'.": i’orrrlal:;on ﬂ*‘ a l:np]:cr HCICI.'I.HC cmﬁns
on the surface of different nature fibres threads waste has been successfully applied to the modification
of wool fibres in previous work [6]. In order to reduce emissions from industnal textile waste, unused
residues of vanous fibres can be adapted for the development of new functional composites. The
possibilities of modifving the samples under analogous conditions of other different polymenc nature
fibres were investigated.

A successful course of the treatment process is the visible change in the colour of the investigated fibres.
The change in colour of the investigated samples from white to grey indicates the formation of copper
selenide crystals on the surface of the thread microfibers. By repeating the modification cycles, the
coating layer of Cu,Se thickens and the fibre samples become completely black (Fig. 1)
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Figure 1. Example of modified fibres (from left to right): before treatment, after the first cycle of treatment,
after the second cycle of treatment.
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In the case of the modification of the wool fibres, the formation of a Cu,Se crystal coating was visibly
confirmed by an increase in the mass of the investigated wool fibres after cach treatment cycle (Fig. 2).
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Figure 2. Influence of the number of treatment cycles on the fibres mass change [6].

As can be seen in Figure 3, a similar tendency of results was obtained for synthetic fibres. It can be scen
that the mass growth of different nature synthetic fibres differs and the mass growth of PES fibres clearly
increases less, but in all cases, we can see the nature of the tendentious process.

Meanwhile, in experiments with some natural fibres, it has been observed that the mass of the test
specimens often decreases after the first treatment cycles. Although the SEM examination showed that
the first crystal agglomerates were already formed on the surface of all fibres after the first treatment
cycle (Fig. 4), the split-off of short parts of the fibres during the treatment process resulted in an overall
decrease in sample weight.
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Figure 3. Variation in the mass of fibres of different nature during the process of modification with copper
selenide.
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Both the photos of the treated thread in Figure 1 and the SEM images in Figure 4 show that after the
first cycle of modification, the surface of the cellulosic filaments 1s not yet covered with a continuous
layer of copper sclenide crystals.

Cuotten

Figure 4. SEM images of copper selenide coated fibres after the first treatment cycle (mag. 1000x).

Greater weight loss after the first cycle was observed by treating the threads with higher hairiness such
as flax and ramie, but a similar decrease of mass was also observed for cotton.

Flax
Figure 5. SEM images of copper selenide coated cellulose fibres after the second treatment cycle (mag.
1000x).

Although the copper selenide coating layer formed on the surface of the fibres after the second treatment
cycle visibly thickens (Fig. 5), the loss of mass of the high-hainness fibres due to short part breakdown
is the factor that decides the peculianity of fibres mass gain. In all cases, the situation changes only after
the third or even fourth cycle of treatment. It can be assumed that the growing and thickening layer of
copper selenides strengthens and splices the fine filaments of the treated fibres, which causes the mass
of the samples to increase visibly.

Therefore, the experiment showed that the weight gain dependence of the investigated samples after the
first faw trentment cyelas may he inseenete when warking with asturl callunlozic fikres

CONCLUSION

The experiment showed that monitoring the weight gain of the samples after cach treatment cycle is a
suitable way to cvaluate the growth of the cupper sclenide crystal layer when the yams of synthetic
polymer fibres and wool are modified.

In the casc of natural cellulose, monitoring of fibre mass growth after the first treatment cycles does not
provide accurate data duc to the scparation and fall of finc particles of modificd fibres.
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