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Natural Textile Surface Modification Using Sol-Gel Technique
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Abstract In this research natural fibre and textile have been modified by the sol-gel process to impart ultraviolet radiation (UVR) protection property to the fabric surface. Scanning electron microscopy (SEM) has been used to examine the nature of the surface modification after application of coating by sol-gel technique and energy dispersive X-ray spectroscopy for the analysis of chemical composition of treated yarns and textile. Nanosol application can be carried out by simple dipping, and dipping time of 10 min is sufficient to get ZnO coating on a textile surface.
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I. Introduction

A. Textiles and UV-protection

Textile materials are materials for the daily use. Everyone wears clothes and almost every apartment is equipped with curtains, carpets and many others objects from textiles. [1]

For most consumers light absorption of textile means only the colour of textile. For fashion reasons, the colour of textile is one of the main arguments for consumer buying decisions. [1] 
Textiles are assembled to protect against environmental influence at all times. Textile garments will protect against the hazardous effects of UV radiation to a certain extent, but light and light-shaded clothing textiles provide insufficient protection. When direct light shines onto a textile, a part of the radiation is reflected. The material will absorb a certain amount, but the remainder can reach the skin (Fig.1). [2]
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	Fig.1. UV- protection textiles [4]


Since the appearance of the hole in the ozone layer and due to continuous decrease in the thickness of the ozone layer, the UV intensity of solar radiation has increased. Clothing has always been used to protect people against environmental influence, but now protection against skin cancer caused by UV radiation is of growing importance. [3]
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	 Fig.2. UV rays and their effects on the skin [5]


The ultraviolet radiation (UVR) is composed of three types: UV-A (320-400nm), UV-B (290-320nm), and UV-C (100-290nm) (Fig.2). The UV-C radiation is absorbed by the ozone layer, however, the UV-A and UV-B reach the  earth surface and cause serious health problems such as skin cancer, sunburn, and photo-aging. [1,2,6] The UV-B radiation penetrates the upper skin layers (epidermis) while the UV-A radiation also reaches the deeper areas (dermis).  [1, 7] Therefore, special attention has been focused recently on the ultraviolet transmission of textile because of the growing demand in the marketplace for light-weight apparel that offers protection from UVR, while fostering comfort. [6]

The absorption spectra of semiconductor such as zinc oxide show a strong absorption in the UV region of the light spectrum but only very slight or no absorption of visible light. This material shows a high extinction coefficient for UV light and steep drop in the absorption curve at the transition from UV to visible light. In comparison with the organic absorbers conventionally used in the textile industry, inorganic materials show no significant degradation and are therefore extremely stable, and the oxides are classified as non-toxic materials. [3, 8] Zinc oxide is harmless, that is why it is used in cosmetics such as suncream. For the above-mentioned reasons, zinc oxide seems to be ideal for the preparation of highly UV-absorbing, sol-gel based coatings. [3]

B. Nanotechnology and Sol-Gel Technology for Textile Modification

Modification of textile materials is of major importance and an essential component in textile processing for imparting of additional properties. Textile materials have intrinsic properties that make them very valuable: flexible, light weight, strong, soft, etc; as a result, they are excellent for imparting additional functionalities. Nanotechnology can enrich the textile industry in several ways. First of all, and most obvious, it creates many new possibilities and improved functions in textiles. New materials can be developed, and new properties can be added to existing materials by the use of special-treated fibres, coatings and e-textiles. [9] Therefore, besides all new functions, the trend towards even thinner fibre creates a need for thin nano-scaled or nano-structured finishing. [10] 

One of the various new approaches and possibly one of the most promising for surface modification of textile materials – and certainly not only of textile materials – is the sol-gel technology which was probably one of the  most important developments in material science during the last decades. The sol-gel technique offers far-reaching possibilities for creating new surface properties. [1]

The sol-gel technique has become an important tool for producing nanoparticles or for the preparation and application of thin layers or coatings based on either inorganic materials or inorganic-organic hybrids. The sol-gel approach is a versatile technique that can be employed for modification of many textile materials. The sol-gel technique allows one to tailor certain properties and to combine different properties in a single coating step. [3]

 Nowadays sol-gel science allows the preparation and stabilization of a huge number of metal oxide sols.  [3]

Nanosols can be applied by conventional coating techniques used in the textile industry. The application can be carried out by a simple dipping process, spraying, nip-padding or padding. [3]

II. Materials and Methods

A. Materials

Commercial woven plain wave of 100% cotton fabric with the linear surface density of 276.19 g/m2 from yarns of linear density 9.2 Tex has been used in the first experiment. The thickness of the textile fabric is ~ 0.25 mm; the measurement has been taken by the textile thickness tester (“TH-25”, “Zapadpribor”, Ukraine).

Commercial grey colour 100% linen yarn of linear density 31 Tex has been used in the second experiment.

B. Material Pre-treatment

To provide good interfacial contact between fibre surface and deposited metal, the surface of cotton fabric samples have been washed at a temperature 90°C with a detergent without optical brighteners; nevertheless, during the washing procedure the oil has not been removed. Due to the oil remained, the samples were immersed in 80% acetone solution at room temperature for 5 minutes [11, 12], and then were washed twice with distilled water (ISO 9001, ISO 14001). The drying step was carried out on a horizontal surface.
C. Chemicals

Tetraethoxysilane (TEOS, C8H20O4Si), alcohol (C2H5OH), hydrofluoric acid (HF), deionized water and Zn acetate have been used for sol-gel preparation.

D. Zinc Oxide Nanosol Preparation and Textile Treatment

Nanosol was prepared by a typical controlled hydrolysis. Solution A was prepared by adding TEOS slowly into alcohol with continuous stirring. 

Solution B was prepared by mixing deionized water and hydrofluoric acid. 

Solution A was added slowly into solution B stirred for 30 minutes and after mixed with Zn acetate with continuous stirring for 10 minutes. The nanosol obtained was clear and homogeneous. 

In the first experiment cotton textile samples were dipped into the prepared nanosol, soaked for 30 minutes, 1 and 1.5 hours. Then samples were cured at 120 ºC for 5 min.

In the second experiment linen yarns were dipped into the prepared nanosol, soaked for 10, 20 and 30 minutes. Then samples were cured at 120 ºC for 5 min.

III. Results and Discussion

A. Scanning Electron Microscopy

With respect to the textile structure and since the applied coatings are extremely thin, commonly used peeling tests appear to be unsuitable. Tests with adhesive tapes might give certain information, but since the coatings are mostly colourless, a simple visual evaluation will fail; it is therefore necessary to employ at least optical or scanning electron microscopy (SEM). In this research morphological changes as a result of sol-gel treatment of natural textile have been investigated using SEM.

In Fig. 3 and Fig. 4 there are micrographs of cotton textile samples prepared during the first experiment. As the micrographs of Fig. 3 and Fig.4 show, there is a visible agglomerated particle on the surface of cotton textile that indicates that concentration of tetraethoxysilane 3.9% and Zn acetate 10% is too large, as well as the dipping time is too large, because the coating received after 1.5 hour is very thick and has many cracks. 
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	Fig.3. Treated cotton textile Zn acetate concentration of 10% and dipping time of 1.5 hour
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	Fig.4. Treated cotton textile Zn acetate concentration of 30% and dipping time of 1.5 hour


For the second experiment with linen yarns, the concentration of tetraethoxysilane was for 50% less than for the first experiment, and the concentration of Zn acetate was reduced till 5%.[image: image5.png]SEM MAG: 5.00 kx Vac: Hivac
SEM HV: 7.00 kV WD: 10.1870 mm MIRA\ TESCAN g/
Date(m/d/y): 08/07/11 Det: BSE Detector Riga Technical University




 

As the micrographs of Fig.5 and Fig.6 show there is still a visible agglomerated particle on the surface of linen yarn which indicates that concentration of Zn acetate still is too high, as well as with longer dipping time of the textile samples in nanosol, the size of agglomerated particles increases. 

 In comparison with the previous experiment, the time of samples’ dipping was reduced, as well as the concentration of tetraethoxysilane and Zn acetate in the solution was decreased till 1.95% and 5% accordingly.  Hence, the coating of the new samples is thinner and more even (Fig.6 and Fig.7) comparing to the previously received samples (Fig.3 and Fig.4).   
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	Fig.5. Untreated linen yarns 
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	Fig.6. Linen yarns after sol-gel treatment: Zn acetate concentration 5% and dipping time 10 min 
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	Fig.7. Linen yarn yarns after sol-gel treatment: Zn acetate concentration 5% and dipping time 30 min 


B. Energy Dispersive X-ray (EDX) Analysis

EDX analysis is an analytical technique commonly used for the analysis of chemical compositions.

Fig.8. EDX spectra of linen yarns after sol-gel treatment: Zn acetate concentration of 5% and dipping time of 30 min.

Fig.8 reveals the surface chemical composition of treated linen yarn, where it is clearly observed that the main elements of the surface species are Ca, O and Zn.
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	Fig.9 Percentage of chemical composition of linen yarns after sol-gel treatment: Zn acetate concentration of 5% and dipping time of 30 min.


The graph represented in Fig. 9 demonstrates the percentage weight of the main elements of the surface, and it is clearly seen that Zn percentage weight at linen yarn surface is approximately 25%.

IV. Conclusion

With concentration of the tetraethoxysilane 1.95% in the solution, the received yarn coating is more even, the size of agglomerated particles becomes smaller and its number on the surface decreases, as well it is concluded that the dipping time of 10 min is sufficient to obtain ZnO coating on the textile surface.

The sol-gel approach used within the framework of the research in order to prepare the coating materials guarantees a simple processing procedure that can be easily transferred to the textile industry, as well as nanosol can be applied by conventional coatings techniques used in the textile industry – the application can be carried out by a simple dipping process, spraying or padding. 

Nanosol derived preparing/coating technique can be applied to textiles from natural fibres to create both UV-protection and anti-microbial protection properties. 
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Svetlana Vihodceva, Silvija Kukle. Dabīgo tekstiliju virsmas modificēšana ar sol-gelu tehnoloģijas palīdzību 

Rakstā aprakstīta no dabīgām šķiedrām iegūto pavedienu un drānu modificēšana, izmantojot sol-gēlu tehnoloģiju, lai piešķirtu tekstilmateriāliem aizsardzības īpašības pret ultravioleto starojumu. Kopš tā laika, kad ozona slānī parādījies caurums un notiek nepārtraukta ozona slāņa biezuma samazināšanās, palielinās UV starojuma intensitāte. 

Apģērbs vienmēr kalpoja cilvēkiem kā aizsardzība pret vides ietekmi, bet tagad ir pieaugusi apģērba nozīme aizsardzībai pret ādas vēzi, ko izraisa UV starojums. Rakstā aprakstītos pētījumos kā UV starojuma absorbētājs tika izmantots cinka oksīds, jo tam piemīt laba UV staru absorbcijas spēja. Cinka oksīds nav kaitīgs cilvēka veselībai, to plaši pielieto kosmētikā, piem., sauļošanas krēmos. Balstoties uz augstākminētajiem faktiem, var secināt, ka cinka oksīds ir atbilstoša viela, lai izgatavotu UV starojuma absorbējošu pārklājumu. Nano koloīdu šķīdumu var uzklāt uz drānu un pavedienu virsmas ar tradicionālām, tekstila industrijā izmantotām tehnoloģijām. Pārklājumu uz tekstilmateriālu virsmas var iegūt ar vienkāršu mērcēšanas procesu, uzputināšanu vai drukāšanu. 

Paraugu virsmas izmaiņu analīze pēc to pārklāšanas ar cinka oksīdu tika veikta ar skenējošā elektronmikroskopa palīdzību, kā arī tika izmantota rentgenstaru enerģijas dispersīvā analīze, lai noteiktu pārklāto paraugu virsmas ķīmisko sastāvu. Eksperimentu gaitā tika konstatēts, ka pārklājumus ar sol-gelu metodi uz dabīgo tekstilmateriālu virsmas var iegūt ar vienkāršu mērcēšanas procesu. Nano pārklājums, kas iegūts, izmantojot nano koloīdo šķīdumu saturošu 2% TEOSa, ir vienmērīgāks nekā nano pārklājums, kura nano koloīda šķīdumā ir 4% TEOSa. Bez tam samazinās aglomerēto daļiņu izmēri un daudzums, kā arī 10 minūšu mērcēšanas laiks ir pietiekošs, lai iegūtu pietiekamu cinka oksīda pārklājumu uz dabīgo tekstilmateriālu virsmas.

Светлана Выходцева, Силвия Кукле. Модификация поверхности натурального текстиля при помощи золь-гель техники
В статье описано использование золь-гель технологии для модификации нитей и полотен из натуральных волокон,  чтобы придать им защитные свойства против ультрафиолетого излучения. С того времени, как появилась дыра в озоновом слое, так и из-за непрерывного уменьшения толщины озонового слоя, увеличилась интенсивность ультрафиолетового излучения.

 Одежда всегда служила людям защитой против воздействия окружающей среды, теперь же увеличилось значение одежды, как защиты против рака кожы, вызываемого ультрафиолетовым излучением. В описанных в статье экспериментах в качестве поглотителя ультрафиолетого излучения был использован оксид цинка, которому свойственна хорошая поглощаемость ультрафиолетого излучения. Оксид цинка безвреден для здоровья людей, поэтому он используется, например, в кремах для загара. Исходя из выше сказанного, оксид цинка кажется идеальным, чтобы создать покрытие, высоко поглощающее УВ излучение, основанное на золь-гель методе. Нано раствор может быть нанесён на поверхность текстильных материалов при помощи традиционных, используемых в текстильной индустрии технологий. Покрытие на поверхности материалов можно получить при помощи обычного замачивания, напыления или набивки. 

При помощи электронного сканирующего микроскопа был произведён анализ изменений поверхности образцов  после их покрытия оксидом цинка при помощи золь-гель технологии, а также  использован энергодисперсионный рентгеновский анализ, чтобы определить химический состав поверхности образцов. Путём  экспериментов константировано, что покрытие при помощи золь-гель технологии на поверхности натуральных полотен и нитей можно получить при помощи обычного замачивания. Нано покрытие полученное при  использовании нано коллоидного раствора содержащего 2%  TEOSа равномернее, чем нано покрытие полученное при использовании нано коллоидного раствора содержащего 4% TEOSa, кроме того  агломерировавшиеся частички уменьшаются в размерах и количестве,  а также 10 минут замачивания хватает для получения покрытия оксида цинка на поверхности натуральных текстильных материалов..
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