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Extended abstract 

Standard polymer optical fibre (POF) is a dielectric waveguide transferring light or 
infrared radiation across its axis by the mechanism of total internal reflection on the 
interface of two materials with different refractive indices [1]. In the side emitting 
plastic optical fibres (SEPOF) the light leaks out from their surface. Side emission 
occurs if the light incidence angle is smaller than critical angle. This effect can be 
obtained by the increasing of cladding refractive index, decreasing of core refractive 
index or by the change of incident light angle. It is also possible to use multiple micro-
bending of core or cladding; additives causing reflection or fluorescence into 
core/cladding or to create geometric asymmetry in the core/cladding system. There 
are various commercial types of patented SEPOF including methods of their 
preparation [2, 3]. The SEPOF can be used for creation of optically active textile 
structures providing opportunities to highlight people and objects without the need 
for external light exposure. Due to the transmission loss, the intensity of radiation 
emitted in any direction decays exponentially along the straight fibre axis with 
increasing distance from the light source [4, 5]. 
An optical fibre integrated in weaving patterns can be described by a sequence of 
locally bended and straight sections. For this case the transmission loss is based on 
the distance between threads, thickness of threads and weaves. Local bends should 
be suppressed in the cases of using SEPOF for achieving active visibility at higher 
distances from light source. It is therefore necessary to use special embedding of 
SEPOF into textile structures e.g. in the form of tubes wrapped by textile yarns. 
The main aim of this contribution is description of SEPOF optical properties and their 
efficient embedding into fibrous structures for creation of safety textile structures 
with active visibility in shadows. For preparation of textile structures containing 
SEPOF the braiding technology is used [6]. The SEPOF end connected with light 
energy source is prepared by cutting with heated wire and then by polishing with 
diamond powder. Illumination system with light emitting diode (LED) is used as light 
source (illumination intensity of source is 43.9 Wm-2). The special device for 
measurement of light intensity on surface and cross section at various distances from 
light source is described. The dependence of surface and cross section light intensity 
on the distance from light source is expressed by the exponential type model with 
attenuation factor as the rate parameter. The second parameter defines the quality 



 

 

of illuminating system; it is light intensity at the input to the fibre. The influence of 
the optical fibre type and diameter on the attenuation factor of light intensity at the 
surface and cross section is quantified. Light intensity of textile structures is 
compared with light intensity of fibres. 
For preparation of textile structures containing side emitting POF the weaving 
technology was used [6]. The differences between side illumination of textile 
structure with POF and POF only are shown in Fig. 1. 

 
Figure 1. Comparison of side illumination of standard POF and POF embedded into 

textile tube. 

 
A special device was constructed for measurement of illumination intensity of POF 
in straight state. This on-line computer controlled device is composed of light sensor, 
step driver, control unit, measuring channel and input/output rolls. 
Illumination intensity as function of distance from source for POF and the same POF 
embedded into textile tube are shown in Fig. 2. It is visible that POF in tube is 
producing higher side emmision intensity.  



 

 

 

Figure 2. Side illumination intensity of POF and POF in textile tube  

Despite of considerable variation in the mean attenuation rate (till 240 mm from 
light source for fiber "Grace-standard") it is clear that the incorporation of these 
fibers into active safety textiles will provide sufficient emissivity especially in larger 
diameter fibers. It is also supported by the working length of fibers, which reach 
values of about 2 m. Incorporation of side emitting POF into fibrous tube is useful for 
creating active safety textiles which provide sufficient side emission especially for 
POF with larger diameters. These structures can be used for these typical 
applications: 
 

• silhouette visualization in the dark conditions: useful for active visibility of 
road users, persons (jackets, school bags, handbags, backpacks), objects 
(cars, bikes, baby carriage, wheelchairs), animals (straps for dog, bridle for 
horses)  

• security lighting systems (cars outline, identifying open doors of cars in the 
dark, restrictions on roads) 

• setting of limits (parking barriers, end of carpets, stairs, etc.). 

• emergency lighting (hospitals) - lighting in corridors, lifts, edge visualization, 
etc. 

• highlight information 

• aesthetic complement – separate application area may consist in different 
color effects related to the design, creation of so-called emotional fabrics 
characterizing the mental state respectively feelings – information system. 

 



 

 

Examples of application of textile tubes with embedded POF for active visibility 
protective textiles are shown in Fig. 3. 
 

 

Figure 3. Application of POF in textile tube – active visibility protective textiles 

 
Results of this work should be used for incorporation of optical fibers into woven and 
knitted textiles.  
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Extended abstract 

Sources of a complex mix of weak electric and magnetic fields include generation 
and transmission of electricity, domestic appliances and industrial equipment, 
telecommunications and broadcasting. If these electromagnetic waves are not 
isolated effectively, they will cause interference with each other and result in 
technical errors. Metal is considered to be the best electromagnetic shielding 
material due its conductivity and permeability, but it is expensive, heavy, and may 
also have thermal expansion and metal oxidation, or corrosion problems associated 
with its use. In contrast, most synthetic fabrics are electrically insulating and 
transparent to electromagnetic radiation [1]. In recent years, conductive fabrics have 
obtained increased attention for electromagnetic shielding and anti-electrostatic 
purposes. This is mainly due to their desirable flexibility and light weight. One way in 
which conductive fabrics can be created is by using electrically conductive fibers. 
They can be produced in filament or staple lengths and can be mixed with traditional 
non-conductive fibers to create hybrid yarns that possess varying degrees of 
conductivity. Second option is to use fibers with deposition of metallic layer on their 
surface. 
In this paper, the Twill 2/2 woven fabrics with different content of conductive 
component (Inox staple fibers) in hybrid polypropylene yarns and special nonwovens 
MILIFE with surface coated with copper are investigated. Hybrid yarns were 
composed of polypropylene and different content of staple stainless steel metal fiber 
(1 - 75 %). The aspect ratio (length/diameter ratio, l/d) of the SS is 6250 used in this 
study, since the diameter of the SS is 8 μm and the fiber length of the SS is 50 mm. 
The yarn was designed at two levels of fineness: 25 and 51 tex. See Fig. 1 for 
microscopic image of hybrid yarn. 

  

(a)  (b)  

Figure 1. Microscopic images of chosen hybrid yarns containing: (a) 1% of 
stainless steel fibre, (b) 5% of stainless steel fibre. 



 

 

A set of fabrics with different structure (woven, knitted) was designed. First group 
(a) of samples were twill weaves with weft and warp fineness 51 tex - warp sett 20 
1/cm, weft sett 19 1/cm made of the hybrid yarn containing different portion of 
conductive phase. The second group (b) of samples were twill weaves with identical 
structure containing a so-called conductive grid made of hybrid yarn with constant 
portion of conductive phase and different grid openness. So-called nonconductive 
bottom is formed by 100% Co yarn. Third group (c) of samples were twill weaves with 
identical structure containing a so-called conductive grid made with constant grid 
openness made of hybrid yarns containing different portion of metal fiber. Fourth 
group of samples (d) were flat stitch fabrics (yarn fineness 25 tex, conductive 
component content 1 – 20%). A 100% polyester filament cross laminated composite 
nonwovens MILIFE combines machine direction and cross direction oriented 
nonwovens layers [2]. MILIFE (abbreviation Mis – see fig. 2a) has a unique structure 
which allows it to be easily customized through a variety of value added processes 
including surface metallization and lamination with other materials (paper, film, 
other nonwovens, etc.). For metallization of MILIFE (sample Mic) the plasma 
pretreatment with autocatalytic activation and metallization in strong alkali bath at 
ambient temperature was used. Sample Mic was prepared by metallization from 
copper salt, consumption of copper 3 g m-2. The structure of Mic at higher 
magnification is shown in fig 2b. 

 

         

a)      b) 

Figure 2. a) Sample MIs, b) Sample Mic (higher magnification) 

Electromagnetic shielding was characterized by the attenuation of electromagnetic 
field power density by using of own simple device, according to the ASTM D 4935-10 
and by free space method. The dependence of total shielding effectiveness (SE) of 
hybrid fabrics on the metal content and construction parameters is shown in Fig. 3 
and shielding effectiveness of MIc and MIs nonwovens are given in the tab.1. 

 



 

 

 
Table 1. Mean values and CI for sample MIs and MIc. 

Sample 

Electromagnetic shielding effectiveness SE [dB] 

f = 600 MHz f = 1 GHz f = 1.5 GHz 

x  CI x  CI x  CI 

MIs 0 - 0 - 0 - 

MIc 48.52 
45.52 - 
51.52 

49.5 
46.5 - 
52.5 

47.5 
44.5 - 
50.5 

 

(a) (b) 

  (c) (d) 



 

 

Figure 3. The dependence of total shielding effectiveness SE on the percentage 
of conductive component P or opening size of conductive grid for: (a) group no. 

1, (b) group no. 2, (c) group no. 3, (d) group no. 4. 
 

The electromagnetic shielding effectiveness of surface metallized MILIFE MIc is 
extraordinarily high for all frequencies due to mainly electromagnetic waves 
reflection. By a proper selection of fabrics with diverse structure, different portion 
and different placement of hybrid yarn containing extremely fine metal fibers the 
electromagnetic shielding effectiveness I shielding is very good as well. 
It was experimentally verified that designed fabrics with increased resistivity to 
electromagnetic smog fulfill requirements for wearing thermo-physiological 
comfort. Negative effect of addition of metal fiber causes decrease of abrasion 
resistance of fabric. 
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Abstract  

In self-reinforced polymeric materials (SRPMs), the same polymer forms both the 
reinforcing and matrix phases. SRPMs are also referred to as single-phase or 
homocomposites. Moreover, in the open literature, such polymer composites in 
which the reinforcement and matrix polymers are different but belong to the same 
family of polymers are also termed as SRPMs. The basic concept of self-
reinforcement is the creation of a one-, two- or three-dimensional alignment (1D, 2D 
or 3D, respectively) within the matrix to fulfill the role of matrix reinforcement. 
Reinforcing action requires that the generated structure possesses a higher stiffness 
and strength than the matrix and, in addition, is well “bonded” to the matrix 
polymer. As a consequence, the stress can be transferred from the “weak” matrix to 
the “strong” reinforcing structure, according to the “working principle” of all 
composites. [1] Current trends toward environmentally friendly composite systems 
focus on the use of natural fibers as alternatives to glass fibers. Although these fibers 
do have some ecological advantages over glass fibers (since they are renewable and 
can be incinerated), natural fiber-based composites are generally not mechanically 
recyclable. [2] The concept of SPC (refers to “one polymer composite”) has been 
introduced by Capiati and Porter in 1975. [3] 
Loss in stiffness and strength of the reinforcement happens via thermally induced 
shrinkage (relaxation), partial melting which are accompanied by substantial changes 
in the morphology. [4]. Various processing routes for development of self-reinforced 
composites were adopted by researchers such as melt or powder impregnation [6], 
hot compaction [2], coextrusion technology [7], film stacking method. 
 
Materials 

Matrix: Micropowder of 140 microns Polypropylene (PP) random copolymer. High 
melt flow index MFI 2.16g/230°C is 109 (g/10min) and lower than normal crystalline 
melting point. Melting point 139 0C (DSC) 
Reinforcement: 100% Polypropylene fiber (19 mm length, sourced from Fibervision, 
USA) 
Polypropylene fibres were washed with commercial acetone to remove any 
processing lubricants. 



 

 

 

Fig. 1, DSC of Polypropylene copolymer micropowder (Matrix) 
 

 

Fig.2, DSC of 100% Polypropylene fiber (Reinforcements) 
 

Self-reinforced polypropylene composites samples were developed with the above 
mentioned matrix and reinforcement materials. Samples were prepared from 100% 
Polypropylene fiber (50:50 Matrix: Reinforcement ratio). The key to successful 
development of self-reinforced composite samples is the temperature processing 
window between the matrix and the reinforcement. Main challenge while 
developing these composites is to avoid the damage to the reinforcement. In this 
research there was around 20 0C temperature processing window between both the 
reinforcement and the matrix material. Low melting temperature of polypropylene 
micro powder and high melt flow index is the key to development of self-reinforced 
polypropylene composites. 
 
Keywords: Self-reinforced composites, single polymer composites, polypropylene, 

recyclability. 
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Extended abstract 

This paper reviews the impact of different concentration of photochromic pigment 
as well as different drawing ratio with respect to the optical properties of 
multifilament. Temperature variation may induce very significant and different 
effects on the behavior of the photochromic system, so there is a special device such 
as LCAM FOTOCHROM, which is available in LCAM-TUL which helps us to measure 
the various optical properties like kinetics of the growth and decay. The results are 
showing there is a significant change in the optical properties of polypropylene fibers 
with respect to drawing ratio.  

 
Key words: photochromism, colorimetry, functional dyes, smart fabrics, 
polypropylene.  
 
Photochromism denotes a reversible color change upon exposure to light1. 
Photochromic materials have received extensive attentions since they are applicable 
to photoactive media, such as optical storage, optical switches, sensors, smart 
windows, and so forth 2.  Generally, photoproducts absorb at shorter wavelengths 
than their precursor. This is termed negative photochromism; the photochromic 
mechanism was illustrated in (Fig.1)3. A more common scenario is that the initial 
photochromic species absorbs in the UV and on photolysis produces a colored 
photoproduct absorbing in the visible region of the spectrum (positive 
photochromism)4,5, and the process involves interconversion of a single molecule 
between two chemically distinct forms6–10. The activating radiation generally is in the 
UV region (300 to 400 mm) but could be in the visible (400 to 700 nm) 7,8,11. The most 
prevalent photochromic systems are established to be uni-molecular reactions (

A B→ ) Reversibility is the main criterion for photochromism12. The back reaction 

( B A→ ) can occur predominantly by a thermal mecha-nism2,13. For this present 

study, four different concentrations of photochromic pigment were used to produce 
PP filaments with six drawing ratios. The main goal for this study was to find the 
relationship between concentration of photochromic pigments & drawing ratio with 
respect to optical properties of polypropylene filaments.  



 

 

 
Figure 1.  Absorption spectra for two-state photochromic system7. 

 
The photochromic pigments incorporated polypropylene multifilament was 
produced and the production parameters are illustrated in the (Tab.1 and 2). The 
photochromic pigment was mechanically mixed with polypropylene granulate and 
the mixture added in the hopper of the extruder;  

 
Table 1, various parameters which are used in Melt spinning 

 
Melting temperature (Tm ) 220 °C 

Photochromic Pigment  Photopia AQ-INK BLUE 

Pigment concentration in fiber (cpigm)
  

0; 0,5; 1; 3; 5% (on weight basis) 

Speed of worm (rev/min) 50 

Dosage  100/0 

Drawing temperature (Td) 120°C 

  
Table 2, Drawing ratio and concentration of photochromic pigments 

 

Sample Composition Drawing ratio λ 

1 PP 562 R 2 2,5 3 3,5 4,0 

2 PP 562 R + 0,5% Blue 2 2,5 3 3,5  

3 PP 562 R + 1% Blue 2 2,5 3 3,5 4,0 

4 PP 562 R + 3% Blue 2 2,5 3 3,2  

5 PP 562 R + 5% Blue 2 2,5 3 3,2  

 
After production, the spectral and colorimetric data set was determined by using of 
unique spectrophotometer Fotochrom LCAM, Which was developed by LCAM Team 
in Technical University, Liberec and the picture of the instruments were shown in the 
(Fig. 2 and 3). Color measuring instrument (spectrophotometer) determines the K/S 
value of given filaments through Kubelka-Munk equation in (1) 14,1. 
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Where R = reflectance percentage, K = absorption and S = scattering of dyes. 
 
This unique spectrophotometer is able to measure the kinetics of color changing in 
the photochromic samples as indicated in (Fig. 3), where the dependence of Kubelka 
- Munk function on the concentration of photochromic pigment and the drawing 
ratio in time can be seen. Temperature variation may induce very significant and 
different effects on the behavior of the photochromic system, so we keep the 
temperature constant (20 °C ±2 °C) for all the samples. The produced samples were 
shown in the (Fig. 4).  
 

  

Figure 2.  Picture of Photochrom LCAM Figure 3. Scheme of Photochrom 
LCAM 

 
The results are shown in (Fig.5 and 6) and they clearly explain the relationship 
between Kubelka – Munk function with respect to the drawing ratio along with the 

concentration of photochromic 
pigment. It has clearly shown that 
increasing of drawing ratio 
decreases the Kubelka-Munk value. 
This situation can be described as 
the effect of the attenuating of 
multifilament and the reduction of 
fineness and the concentration of 
photochromic pigment in the mass 
of used polypropylene polymer. 
 

Figure 4. Samples of photochromic polypropylene multifilament 

 



 

 

The transformations of Kubelka-Munk function maximum value with respect to the 
drawing ratio as well as concentration are shown in (Fig. 5). 
 

  
 

Figure 5. Dependence of K/S 
function on time - growth and decay 
phase of photochromic change for 
different drawing ratio λ and 
concentration of pigment is 3% 

 

Figure 6. Dependence of the 
maximum K/S function of 
photochromic change for different 
drawing ratio λ and concentration of 
pigment is 5 %. 

 

Note: More results are available to be discussed during the presentation. 

 

Conclusion 

This research work describes the impact of K/S values on concentrations of 
photochromic pigment and various drawing ratio. From this work, we conclude the 
following points:  

• Increasing the drawing ratio decreases the K/S values.  

• Even though at same concentration different K/S values are observed by 
various drawing ratios, it seems there is a huge impact on K/S values with 
respect to drawing ratio.  
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Abstract 

Investigations of researchers from the Research Institute for Textile Chemistry 
(VÚTCH)–CHEMITEX, spol. s r.o. in Žilina, Slovak Republic have focused for several 
years already on the innovative technology – application of nanotechnologies in 
finishing of textile materials.  They successfully prepared and evaluated several types 
of nanosol solutions e.g. hydrophobic and hydrophilic nanosol, electroconductive 
and antimicrobial nanosol in the frame of their intensive industrial research. 
Nanosols in a form of inorganic/organic complexes were prepared using organic 
siloxane compounds with their subsequent additivation with various types of 
nanoparticles. Carbon nanoparticles were used among others to achieve a positive 
change of electroconductive properties of the textile materials. Results of the 
application of sol-gel technology on the formation of various nanosol types and their 
application in nanostructuralization of textile surfaces are presented. Besides, 
results of change of performance characteristics and functional properties of the 
textile materials with the achieved effect of self-cleaning hydrophobic finish, highly 
effective antimicrobial finish and/or highly effective reduction of electrostatic 
charging of the textile materials prepared from synthetic or blended fibres are given. 
Findings and results from the evaluation of the innovative technology of finishing 
textile materials using low-temperature plasma generated by DCSBD (Diffuse 
Coplanar Surface Barrier Discharge) under atmospheric pressure are given in another 
part of the contribution.            Plasma treatment is an eco-friendly technological 
process of finishing textile materials aimed at increasing the polarity of an originally 
hydrophobic polymer for the purpose of improvement of adhesion on dyeing of the 
materials, application of surface finishes and minimization of environment damage. 
Research works in the field of application of low-temperature plasma in the process 
of dyeing textile materials were oriented mainly to the improvement of dye 
exhaustion and increasing affinity of the dyestuff to the textile substrate with a 
subsequent reduction of waste water pollution. Results mentioned in the 
contribution confirm a positive influence of plasma on the improvement of coloristic 
properties of the dyed textile material, economical savings (achieved due to 
reduction of dyeing temperature and levelling time) as well as reduction of 
environment damage. 
Combination of special fibre types used in construction of the textile material 
together with nanostructural modification of the textile surface can help to increase 



 

 

the added value of the textile material. Multifunctional effect based on synergic 
effect achieved by a change of performance characteristics and functional properties 
of the textile materials enables to obtain a higher level of innovation of the textile 
materials. 
A further part of the contribution presents results of original research (protected by 
a patent application) oriented to preparation of multifunctional textile material with 
digital camouflage print, hydrophobic, self-cleaning and antimicrobial nanofinish and 
reduced flammability representing high level of innovation in an assortment of 
textiles designed for special protective clothing. 
Construction of the multifunctional fabric is based on four different fibre types used 
in a blend made of special fibres with reduced flammability and standard fibres. The 
paper presents also other parameters of the fabric whose enhanced 
multifunctionality consists in a synergic effect of selected functional properties and 
performance characteristics in the frame of which following remarkable benefits are 
ensured: substantial reduction of flammability of the fabric due to application of 
special aramide fibres; increased strength of the textile material and moisture 
management due to new textile construction aimed at increasing wearing comfort; 
digitalized print of camouflage pattern meeting requirements of camouflage effect 
in visible as well as infrared (IR) spectrum over the full wavelength range 400-1000 
nm. Hydrophobic nanofinish with self-cleaning effect is applied on surface of the 
textile material. It increases resistance of the fabric to adverse weather conditions 
(rain, impurities etc.) due to nanostructuralized surface. Antimicrobial finish is 
applied as well; its purpose is to increase protection of the textile material against 
bacteria. 
Results and findings presented in the paper are contribution to application of 
innovative technologies (nanotechnologies, plasma application) and nanoproducts 
(nanosols) with the aim of increasing added value of the textile materials. 
 
Keywords: nanosols, low-temperature plasma, multifunctional fabric 

  



 

 

 


