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The sol-gel method is a versatile tool for the modification and
functionalization of textiles. This method can be also used to
support the application of dyes on textile materials. This paper is
related to the application of the fluorescence dye Rhodamine B
together with an industrial sol-gel component. Beside fluorescence
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energy dispersive spectroscopy (EDS) are used for the
investigation of the produced textile samples. The realized
fluorescence effects are strongly related to the applied dye
concentration and can be drastically enhanced by presence of the
applied sol-gel system. By use of sol-gel method also the dry and
the wet rubbing fastness can be improved. These results could be
the starting point for future development of new fluorescent textile
materials.
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1 Introduction

The sol-gel technology is a versatile technique to realize functional coatings on many types of different
substrates as, e.g., glass, polymer foils, wood or metal [1-8]. First applications on textile and fiber
materials are reported in the 1990™ on glass fiber materials [9-11]. This starting point is quite reasonable
because from the chemical point of view, glass fibers and silica based sol-gel coatings are in a certain
way similar. Also, later works refer to dye containing sol-gel coatings on glass fibers [12]. As starting
point for sol-gel applications on textile materials in general, a patent from 1997 invented by Textor et al.
should be considered [13]. In the following years many sol-gel based functional textiles were developed
[14-16]. Recently these developments are discussed in recent review articles [17, 18]. One interesting
part of sol-gel technology on textiles is related to hydrophobic and oleophobic textiles and the
combination of these repellent properties with antistatic properties [19-21]. Important developments are



https://creativecommons.org/licenses/
https://orcid.org/0000-0001-9625-327X
https://orcid.org/0000-0002-2240-5581

also done in the field of antimicrobial sol-gel recipes for textile functionalization [22-25]. Strong efforts are
also made for the development of sol-gel based flame retardant functionalization of textiles [26-28].

One interesting experiment was the embedding of dye stuffs into sol-gel coatings deposited on textiles
[30-39]. By this technique the fastness against water and light can be improved. Especially the use of a
combined sol-gel material from silica and alumina is advantageous to reach good fastness properties.
This effect is probable related to an interaction of the dye molecules to aluminum ions similar to a
mordant effect during application of natural dyes [30]. Also, a UV protection is aimed for the combination
of dyes and sol-gel coatings on textiles. The embedding of photoactive dyes could even lead to
antibacterial textiles [40]. Luminescent sol-gel coatings are used to realize textile-based pH sensors [41].

Luminescent textiles and especially fluorescent textile products are broadly available in commercial
textiles and clothing products [42-44]. Applications of fluorescent textiles are often related to highly
visible clothes or optical brightening of white textile materials [42,43,45]. Other applications are related to
protection against UV light or anti-counterfeiting [42,46-48]. For application on polyester fabrics, mostly
fluorescent disperse dyes are used [49,50]. For cotton fabrics and fabrics from regenerated cellulose, the
fluorescent properties are often realized by application of fluorescent direct or reactive dyes [51,52]. An
innovative technology to apply fluorescent properties to textile materials is also the use of microwave
supported dyeing processes and preparation techniques [53,54].

With the background on intensive investigations of sol-gel technology on textile substrates over the last
years and the importance of fluorescent textile products, it is also of interest to evaluate a commercially
available sol-gel agent in combination with a fluorescence dye and its application on textile fabrics. For
this, the aim of the current paper is to investigate the application of the fluorescence dye Rhodamine B
on cotton fabrics in combination with a sol-gel agent. Reference applications are performed with similar
aqueous solutions of Rhodamine B. An earlier study investigated already the application of the dye
Rhodamine B with silica sols on polyester and viscose fabrics. However, the main focus of this earlier
study was the leaching behavior of the dye from prepared textile materials, but not the fluorescence
effect [55]. In contrast, the main aim of the current investigation is the reached fluorescence effects.
Finally, it is shown that the fluorescence intensity of the treated textiles is drastically influenced by the
applied dye concentration and the presence of the sol-gel agent.

2 Experimental
2.1 Materials

All preparations are done on white plain-woven cotton fabric. The mass per unit area of this cotton fabric
is around 8.4 g/m?. As fluorescence dye, Rhodamine B is used (see chemical structure in Fig. 1). This
dye is represented by the chemical sum formula C2sH31CIN2O3 and has the molecular weight 479 g/mol.
The actually used dye is supplied by Carl Roth GmbH (Karlsruhe, Germany). As sol-gel product, the
silica-based product iSys HPX supplied by the company CHT (Tubingen, Germany) is used.
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Fig. 1 Chemical structure of the fluorescence dye Rhodamine B.



2.2 Preparations

The dye Rhodamine B is applied on the cotton fabrics from three different solutions i from water, from a
mixture of water and the agent iSys HPX (ratio 1:1), and from pure isys HPX. In these solutions the dye
is dissolved in three different concentrations of 0.5 wt-%, 1 wt-% and 3 wt-%. All recipes are applied by
padding which is done twice for each fabric. During padding, the fabric passes into the water-based
recipes, under a submerged roller and out of the bath. Afterwards the fabric is squeezed to remove
excess liquid. For padding application, a laboratory padding equipment is used (CH-8155
Niederhasli/Zurich Laboratory padding Equipment, Werner Mathis AG, Switzerland).

After padding, a thermal treatment is done at 120 °C for three minutes, by use of a Mathis Labdryer type
LTE (supplied by the company Werner Mathis AG, Switzerland). This thermal treatment is done for
drying of the samples and curing of the applied iSys HPX agent. After the thermal treatment of the
samples, no further rinsing procedure is performed.

2.3 Analytical methods

Microscopic investigations are done with a scanning electron microscope (SEM) Tabletop TM3000 from
Hitachi (Japan). This microscope is equipped with an EDS unit (Electron Dispersive Spectroscopy)
Quantax 70 supplied by Bruker. This EDS unit enables the determination of chemical elements on
sample surfaces. However, the chemical element hydrogen cannot be detected by this method.

Fluorescence measurements are performed with a fluorescence spectrometer RF-6000 (Shimadzu,
Japan). For documentation of the optical appearance of prepared textile samples under different kind of
illumination a commercially available illumination chamber CAC 60 (VeriVide Limited, Leicester,
England) is used. This chamber allows the illumination with artificial day light-lamp D65 (20 Watt) and
with UV black light (UV-lamp with a maximum intensity around 365 to 370 nm from Philips Lighting
Holding B.V.).

The wet and dry rubbing fastness is measured using a crockmeter according to ISO 105-X12. For this
rubbing test, specimens of the textile are rubbed with a dry rubbing cotton fabric and with a wet rubbing
cotton fabric. The change of coloration is determined using a Gray Scale evaluating the staining of the
rubbing cloth.

3 Results and discussion
3.1 Microscopic investigations

First microscopic investigations are performed on the prepared textile samples to support general
sample information on topographic structure and surface composition. The surface composition of the
samples is determined by EDS. The related EDS spectra and ratio of detected chemical elements are
shown in Figure 2. The EDS spectrum of the untreated cotton substrate exhibits two signals related to
the chemical elements carbon and oxygen. The chemical element hydrogen cannot be detected by EDS
method [56]. The ratio of carbon and oxygen is the same as expected from the chemical structure of
cellulose building up cotton [57]. This EDS spectrum from cotton is compared to three cotton samples
with different applications of the dye Rhodamine B. If the dye is applied from aqueous solution, the
surface content of carbon is higher compared to oxygen. This change in element content can be
explained by the high carbon content in the dye.

The dye molecule contains also nitrogen but the sensitivity of the EDS method for the element nitrogen
is low, so it is not detected on this sample surface [58]. In comparison the element chlorine can be
detected with a small surface concentration of 0.3 wt-%. Chlorine is present in the used dye as chloride
counter ion. The sensitivity of EDS for the detection of chlorine is quite good compared to the lower
sensitivity for lower weight chemical elements, so here chlorine can be detected even in low
concentration [58]. However, it is not possible to calculate from the determined content of chemical
element chlorine directly the concentration of the up-taken dye stuff in the complete fiber, because by
EDS only the surface concentration is determined. Both EDS spectra (C and D in Figure 2) exhibit also a
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signal caused by silicon as a result of the applied silica sol-gel recipe. By application with the undiluted
sol-gel agent iSys HPX (spectrum D), the determined silicon content is nearly doubled compared to the

application with the diluted iSys HPX (spectrum C).
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Fig. 2 EDS spectra of prepared cotton samples, the signal for the detected chemical element are indicated
together with the determined surface concentration i the following samples are shown: (A) untreated cotton
reference; (B) cotton sample after application of Rhodamine B 3 wt-% from aqueous solution); (C) cotton sample
after application of Rhodamine B with 3 wt-% in mixture iSys HPX:water; (D) cotton sample after application of
Rhodamine B with 3 wt-% dissolved in pure iSys HPX.

The microscopic images taken by SEM show mainly the cotton fiber structure of the cotton substrates
(Figure 3). The applied dye molecules cannot be detected by this microscopic method, because of limits
in the magnification. The application of the sol-gel recipe leads to a certain flattened fiber surface.
However, mainly in some areas between single cotton fibers a bridging of the fibers by deposited sol-gel
material is obvious. Probably in these areas between the cotton fibers the main content of sol-gel
material is deposited.

The investigation by EDS mapping after treatment with a sol-gel based recipe shows a complete
coverage of the sample surface by silicon (Figure 4). However, in areas between the cotton fibers the
determined content of silicon is higher which support the proposed bridging of cotton fibers by silica. In
contrast, the element carbon is only determined at areas on the topography, where the cotton fibers are
placed.



Fig. 3 Microscopic images of cotton samples taken by scanning electron microscopy (SEM) i the following samples
are shown: (A) untreated cotton reference; (B) cotton sample after application of Rhodamine B 3 wt-% from
aqueous solution); (C) cotton sample after application of Rhodamine B with 3 wt-% in mixture iSys HPX:water; (D)
cotton sample after application of Rhodamine B with 3 wt-% solved in pure iSys HPX.

3.2 Optical appearance under illumination

The optical appearance of prepared textile samples is documented for all samples under two different
types of illumination (Figures 5 to 7). First illumination is done with a D65 lamp, which is related to a
daylight illumination. Second, an illumination with a UV-A lamp is performed.

By comparing the color impression of the finished fabrics under different illuminations (Figures 5 to 7),
some differences can be observed. Using D65 illumination samples finished with aqueous solutions
show only a slightly less intense coloration than the ones finished with iSys HPX based liquors. This
difference is much more prominent under UV lllumination where the iSys HPX based finishing exhibit a
much stronger fluorescence than the water-based finishing. Furthermore, under both illuminations the
color strength or fluorescence intensity seems to be decreasing with the dye concentration in the recipe.



Fig. 4 SEM image recorded in higher magnification and EDS mappings of a cotton sample treated with a
Rhodamine B solution 3 wt-% in iSys HPX i the following images are shown: (A) SEM image; (B) EDS mapping
with all detected chemical elements as mixed map; (C) EDS mapping for carbon; (D) EDS mapping for silicon.
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Fig. 5 Photographs of Rhodamine B containing cotton samples under different illumination (top: daylight; bottom:
UV light). The Rhodamine B is applied on the fabrics from aqueous solution with increasing dye concentration 1
from left to right (0.5 wt-%; 1 wt-%; 3 wt-%).



