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Abstract: The present work is a synthesis of the author’s previous research on weft and warp knitted fabrics
response under dynamic stress and their capacity of vibration damping. The main objective of this research is to
experimentally investigate the vibration behaviour of these fabrics with an existing testing method, in order to
understand how the fabric structural parameters affect their vibration isolation performance. The authors have
focused their interest on the knitted fabrics characterization through their natural frequencies, which were
determined by employing the free vibrations method. The natural frequency is the rate at which an object
vibrates when it is not disturbed by an outside force. A comparative fabrics analysis of the measured natural
frequencies is performed and the main parameters of influence are discussed. An ideal knitted spacer fabric
developed for anti-vibration purposes, should have the capacity of absorb energy efficiently, still having
sufficient stiffness to avoid its collapse and an acceptable thickness in order to maintain a sense of touch and
dexterity to complete the tasks. The preliminary results confirmed that knitted fabrics can be engineered and
exploited as structures with vibration absorption capabilities.

Key words: Knitted fabrics, parameters, vibrations, natural frequencies.

1. INTRODUCTION

Human body is frequently exposed to vibration from power tools and industrial machines and from
vehicles like trains and automobiles. This type of energy may come from hand power tools, industrial
machines, riding in trains, planes, auto vehicles, and it is dissipated in the form of vibrations, some of
which may affect people. Vibration can cause discomfort, reduction of performance, inducement of
activity interference and even health and safety risks [1]. Human vibration involves the whole-body
vibration (WBV) within frequencies 1-100 Hz when a person stands or sits on a shaking surface, and
the hand-transmitted vibration (HTV) between frequencies 8—1000 Hz when holding a vibrating tool
[2]. The effects of whole-body vibration include back pain, sciatica, digestive disorders, genitourinary
problems and hearing damage. Long-term exposure to hand-transmitted vibration has a risk of
developing hand-arm vibration syndrome (HAVS), a well-known example of which is vibration white
finger (VWF). At present, preventive efforts have been made by using anti-vibration seat cushions [3]
for WBYV and gloves for HTV made of damping materials like polymeric foams, rubbers, gels and air
bladders to reduce the vibration exposure. However, these materials suffer from insurmountable
comfort and recycling problems. Therefore, developing breathable and recyclable materials with good
vibration isolation performance is highly desirable. Gloves with anti-vibration characteristics have
been developed in response to the growing demand for workers protection against the impact
vibrations transmitted to the hands during operation [4]. The degree of vibration reduction provided by
gloves generally depends on the thickness and softness of the lining (resilient gel, foam or rubber-like
material, or an array of air bladders), but also from the person in work. On average, anti-vibration
gloves must provide considerable protection against relatively high vibration frequencies (200 Hz and
above), and might not, on average, increase vibration levels at lower frequencies. To protect against
lower vibration frequencies the contact areas of the glove need to contain thicker resilient material,


mailto:mirela_blaga@yahoo.com
mailto:nseghed2003@yahoo.com
mailto:mirela_blaga@yahoo.com

fact that might affect the handling [5]. The use of weft knitted spacer fabrics as part of the gloves has
been tested, as an alternative to the existing materials. It has been concluded that the placement of the
spacer fabric in the glove palm contributes to the attenuation of a significant amount of vibration at
high frequency range [6]. There are also some investigations on the dynamic vibration transmission
property, which consists of key vibration indexes, including the natural frequency, vibration
transmission coefficient and damping ratio, as well as, on the relations between structure of the spacer
fabric and vibration transmission indices [7].

This paper intends to make an experimental analysis of the knitted fabrics response under
dynamic stress and their capacity of vibration damping. The authors characterized the knitted fabrics
through their natural frequencies, which were determined by using the free vibrations method,
typically used in mechanical engineered field.

2. MATERIALS AND METHOD

2.1 Materials

On weft fabrics, the investigations were carried out with knitted fabrics from various raw materials:
cotton, polyester, acrylic, and polypropylene yarns. The selected knitted samples are double layers and
were manufactured on electronic flat knitting machines, CMS 530 E6.2, Stoll. Another group is
consisting of spacer fabrics, produced on same technology (E5, E6.2 and E8), from PES/EL for outer
layers and PES of different diameters as connnecting yarns. The warp fabrics were a range of spacer
fabrics produced on double flat needle beds machines, DK 506 DPLM and RACOP D4-5, from Liba,
with 4-6 guide bars, threaded in various ratios, in order to create open or closed surfaces on one or
both faces. The fabrics are made from PA, PES yarns and monofilaments as spacer yarns, and they can
be used for sports shoes, bags, protective vests, gloves, helmets, cushions, mattresses [8-10].

2.2 Method

The natural frequency is the rate at which an object vibrates when it is not disturbed by an outside
force [1]. Dynamic performance of the knitted fabrics are analyzed by testing the behavior of one
metallic piece, fixed on the fabric sample, through an adhesive. In order to excite the system, an
impact Piezotronics hammer has been used and the natural frequencies were measured with an
accelerometer PCB B52 (Figure 1). The signal is processed with one data acquisition card 6023
National Instruments. The frequencies [Hz] are determined in three directions: coursewise, walewise,
and perpendicular on the fabric surface. The frequency at the highest peak represents the natural
frequency of the fabric.

a. Walewise b.  Coursewise c. Perpendicular
Fig. 1. Direction of measuring the natural frequencies

The shape of the curve reveals the capacity of the system to damp the vibrations, the smoother is the
shape, the highest is the fabric damping capacity, i.e. the damping capacity of the fabric in course or
wale direction (Figures 2a & b) is lower than in perpendicular direction (Figure 2c). This can
be explained by considering the cross section of the structure and the higher number of the friction
points between the yarns inside the fabric, in case of perpendiculartesting.
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Fig. 2. Natural frequencies of the knitted fabric on various directions

3. RESULTS AND DISCUSSIONS

The results obtained in case of weft fabrics indicate a clear influence on the natural frequencies values,
the interlock structure displayed in figure 3 confirm this hypothesis. In general Cotton and PAN
fabrics expose a comparable response to the vibration testing. PES and PP can be as well compared
from this point of view, for all structures, but poses higher values of the fabric’s natural frequencies
compared to the previous ones. The differences of 20-30Hz between the two groups sustain the
assumption of the significant influence of raw material type. Observations can be made about stitch
density influence, with stich cam value (NP) increasing, the fabric becomes looser and the values of
the frequency are decreasing, due to the knitted fabric rigidity decreasing.

Interlock
60
N 40 - = NP 12.0
T #NP 13.0
20 ] — =NP14.0
0 .|
co PES PNA PP

Fig. 3. Natural frequencies of the interlock fabrics

In case of spacer weft knits, it was found that the spacer yarn diameter has a relevant influence on the
fabric behaviour. By analysing the samples S4-S7, one can notice that a higher diameter difference of
0.02 mm for S4, determines a higher fabric square mass, with consequences in higher fabric rigidity,
and higher values of frequencies, compared to S7 fabric, as can be observed in the graph from figure 4

[8].

frequency [Hz]
[
o
1

perp

S1 S2 S3 sS4 S5 S6 S7

Samples

e ————————————
Fig. 4. Natural frequencies of the weft spacer fabrics

For the group of spacer warp knitted fabrics, produced on double flat needle beds warp knitting
machines, DK 506 DPLM and RACOP D4-5, from Liba, with 4-6 guide bars, threaded in various



ratios, it was discovered that spacer yarns threading and the number of connecting guide bars
significantly influence the results. As well, the adjustable yarn run-in parameter [mm/rack] has a clear
impact on the natural frequency of the fabrics, structures with lower yarn run-in [mm/rack] indicate
lower values of natural frequencies and consequently lower fabric rigidity [9]. In other study, the
measurements showed that on perpendicular testing direction, the fabric’s thickness is influencing the
level of natural frequencies, the thinner fabrics have higher values of the frequencies and are
consequently higher rigidity [10]. Other researches confirmed that increasing the fabric thickness can
result in a decrease of the resonance frequency due to reduction of stiffness, and thus improve the
vibration isolation performance of spacer fabrics [11].

4. CONCLUSIONS

Knitted spacer fabrics are widely used as cushion mattresses under the dynamic condition, wherein the
vibration transmission property is one of the main mechanical properties of spacer fabrics. An ideal
knitted fabric developed for anti-vibration purposes, should have the capacity of absorbing energy
efficiently, doubled by sufficient stiffness to avoid its collapse. As well, it must possess an acceptable
thickness in order to maintain a sense of touch and dexterity to complete the tasks.

The vibration frequencies of one system which contains knitted fabrics designed for protection
purposes, must be different from the knitted fabrics natural frequencies, otherwise the phenomenon of
resonance occurs.

This research can be helpful to improve the design process of the knitted fabrics with reasonable
vibration transmission properties in various applications. It is expected that this study could contribute
to the understanding of the vibration behavior of knitted spacer fabrics and provide some useful
information to promote their applications in anti-vibration.The lack of literature on the vibration
attenuating capability of the commercial products makes the research in this topic relevant and actual.
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Abstract: This contribution deals with the new trends related to the digitalization in garment engineering. More
than ten years ago can be found complaints of clothing companies on the lack of effective CAD software to
design garments directly in 3D and to provide pattern designer tools for shape modelling and simulation of cloth
behavior. Today, with a mass customization, e-commerce, advances in virtual reality applications, the virtual
garment development is strongly desired in order to optimize apparel industry’s design and development
processes. To survive in global competitive market, garment manufacturers are forced to transform their
manufacturing processes toward, having a more flexible production system to meet the rapid changes in the
global market, and started the transition to a new technological level through digitalization advances and
challenges of Industry 4.0. Described are the possibilities for exploiting advances in digitization in garment
engineering through virtual prototyping and production of smart clothing.

Key words: Garments, Digitalization, Digital technologies, Virtual prototyping, Smart Clothing

1. INTRODUCTION

In general, digitalization is the use of digital technologies to change a business model and provide
new revenue and value-producing opportunities; it is the process of moving to a digital business
[1]. The survey, done by McKinsey [2], showed, that the apparel-sourcing executives look at the
digitalization as a “major enabler of the transformation the industry needs if it is to improve its
disappointing returns and please increasingly choosy consumers”. The impact of digitalization on
garment engineering and production of clothing items is expected to reduce the average lead
time by two to eight weeks, helping the companies to achieve the agility needed in a demand-
driven market. Furthermore, the cost reduction of at least 2.5 percent is expected through digitization
alone [2]. According to the survey, the pioneering companies are already providing a glimpse of
this future. The companies that have implemented 3-D design and virtual sampling report
shortening the sampling process by two weeks or more, and they often see reductions of 50
percent in the number of samples needed and the cost involved [2]. Taking into account the
potential/possibilities/challenges of the fourth industrial revolution (Industry 4.0), the garment
manufacturing companies will have to face with the major transformation, which will be greatly
supported by the effective digitalization.

Virtual prototyping (VP) of clothing products can be stated as one of the vital parts of digitalization of
the whole process. The purpose of 3D virtual prototyping is to build a virtual model instead of
developing a real product [3]. The advantage of VP is that it enables the designers to make alterations
to their design but at far less time and cost. The fashion industry has been attracted to use VP for the

10
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product development process, and garments’ presentation/online purchase. In the process of
garment development, it involves application of CAD systems intended for development of the
garment pattern designs and assessment of their fit to the 3D body model [4].

2. HOW DIGITALIZATION INFLUENCES THE GARMENT INDUSTRY?

Garment design is an integration of all the design elements, including color, texture, space,
lines, pattern silhouette, shape, proportion, balance, emphasis or focal point, rhythm and harmony,
and each of these contributes towards the visual perception and psychological comfort of the garment
[5]. Design, development and production of clothing products have largely relied on the same,
often manual, methods despite all the technological advances in the world outside of fashion and
garments. More than ten years ago, academic research posited about clothing companies complaints’
on the lack of effective CAD software to design garments directly in 3D and to provide pattern
designer tools for shape modelling and simulation of cloth behavior when compared with existing
3D virtual software solutions for other industries. Today, with the growth of demand from better
educated consumers, mass customization, e-commerce, advances in virtual reality applications,
the virtual garment development is strongly desired in order to optimize apparel industry’s
design and development processes [6].

The garment industry is one the main sectors of the industrialization movement for
developing countries. With the removal of exportation quotas applied to China in 2005, the textile
and clothing sector has started having difficulties with competing in global markets, especially
against Chinese firms [7]. To survive in global competitive market, garment manufacturers need
to transform their manufacturing processes toward, having a more flexible production system to
meet the rapid changes in the global market, deliver orders to customers as early as possible to
meet increased customer expectations, by using the human workforce more efficiently to achieve
high productivity levels and utilizing all resources effectively, stated Gokalp et al [7]. In the paper,
written by Luu and Marques [8], the authors state that garment and footwear industries are
considered “low-tech” industries, but already started the transition to a new technological level. In
addition, they are present in the article digitization and industry 4.0 in the Portuguese textile &
garment sector. In the context of the latter, in recent years, many researchers deepen into Industry

4.0 and how to place digital innovations in the textile and clothing sector in the context of the
4™ Industrial Revolution. After three important industrial revolutions, which have had following
important influence on textile & clothing sector: (a) First Industrial Revolution was a mechanical
revolution — steam engine in England in 1712 — weaving loom in 1785), (b) Second Industrial
Revolution was an electrical revolution — electricity began to be used in 1870 — sewing machine
began to be produced in a serial manner and (c¢) Third Industrial Revolution, also called a Digital
Revolution, the world is now in the Fourth Industrial Revolution, also called Industry 4.0, that
integrates emerging IT concepts, including Cyber-Physical Systems (CPS), Internet of Things (IoT)
and big data [7].

Today, with rapidly globalizing business world the information technology (IT) industry
is continuously coming up with new technologies. Therefore, it is important to invest in these
emerging technologies for businesses to attain competitive advantage and improve their operational
efficiency by generating valuable insights to enhance the decision-making process, develop
new business models, and drive new revenue streams [7]. A potential of Industry 4.0, which can
change completely manufacturing processes and business models in textile and clothing sector is the
subject of research of many researchers. Gokalp et al [7] suggested the conceptual smart apparel
factory, called Apparel 4.0, with following proposed innovative approaches for production: (a) digital
information transfer, (b) predictive maintenance (variety of data analytics and statistical techniques to
uncover hidden patterns and capture relationships among devices; cyber-physical systems equipped
with sensors, actuators, processors and intelligent electronic systems with internet connectivity), (c)
human-robot technology collaboration in cutting department, (d) intelligent manufacturing (RFDI
tags), (e) robotic quality control and (f) packaging with cyber physical systems. Within the
digital information transfer, researchers highlight, in addition to the 2D or 3D garment pattern
design, sending markers of the
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product to the cutting room via a wireless network and protecting industrial devices against cyber-
security threats, the role of digital prototyping in the process of garment development [6-10].

The digital prototypes are used as an essential tool in the modern design process, because their
integration can speed up the design process and influence competition between companies [6].
It should be noted that even technology solutions such as the 3D virtual prototyping has been around
for some time, the garment engineering uptake them slow or not at all in comparison to other
industries, such as, e.g. automotive. On the other hand, research works show how useful are the
technological solutions of 3D garment pattern design and 3D virtual prototyping in the process
of developing customized clothing for people with different figures, postures, physical
deformities, disabled or elderly people who do not fit the usual clothes. Therefore, there is an
opportunity for production of value-added products and individualized clothing, respectively, for
people with non-standard body figure (elderly), disabilities and people with different kind of
health problems who needs adapted clothing.

From business and digitalization perspective, today there is also a great research interest in the field of
smart clothing, which continuously growing with advance of the internet and technological
developments [11].

3. OPPORTUNITIES TO CUSTOMIZE CLOTHING PRODUCTS VIA
DIGITALIZATON

3.1 Virtual Prototyping (VP)

The purpose of 3D virtual prototyping is to build a virtual model instead of developing a real product.
Virtual prototypes can be presented to the client for evaluation and confirmation. The final
model/product can then be quickly and easily modified and produced. In recent years, a strong
development of computer technology enabled substantial changes in the way of development of new
garments and a shift from the conventional to virtual prototyping.

Numerous studies highlighted the benefits of 3D human body scanning and its digital data complexity
for clothing development [12-14] by using the virtual prototyping also for wheelchair users, people
with spine deformity, etc. [14-17], Fig. 1. Namely, today's trends increasingly follow the offer of
products according to the individual's needs. This can be strongly seen in the automotive industry or
offer of customized aids for the disabled or people with certain medical conditions, etc. Therefore, the
development of customized clothing through virtual prototyping can represent a new future in clothing
engineering.

Fig. 1. Virtual prototyping of different types of garments

3.2 Smart Clothing (SC)

Oliver Behr wrote in the article [11] ‘Our refrigerator can order milk from a food supplier and when
we leave our workplace, the smart home heating system starts to prepare a pleasant temperature in
our apartment. What sounded like science fiction a few years ago has already been realized
technically today.” Indeed, the latter enabled digital transformation, which has an increasing impact
also on the clothing industry and some changes in garment engineering by developing new
technologies for producing SC with digital features and intelligent devices, respectively, that are
usually connected to the internet and autonomously collect, evaluate and send data to react to certain
situations. According to the European Commission, the “Internet of Things (IoT) represents the next
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step towards the digitization of our society and economy, where objects and people are interconnected
through communication networks and report about their status and/or the surrounding environment”
[11, 19]. Research interest in the field of SC is continuously growing with improvements of smaller,
cheaper and more powerful sensors. Suchlike clothing items with technical hardware and digital
characteristics are providing the customer new services and advantages, whilst at the same time they
are challenging current business models in the fashion market, mainly on the area of sports and health
as passive, active, or ultra-smart textiles [11, 18].

@ (b)

Fig. 2. Smart clothing: (a) smart socks for babies, (b) shape memory shirt and k-cap [18]

4. CONCLUSIONS

The main aim of this contribution was to discuss the possibilities and challenges of digitalization
in garment engineering. Described are the needs for the transition of the garment industry to a
new technological level through the digitization advances and challenges of Industry 4.0.
Complex, efficient computer-based information systems are already today widely used for design and
production of textiles/garments/other textile products as well as for the assurance of effective
information flows. The producers of such information systems and computer equipment have
successfully adopted the special characteristics of this engineering area. By introducing the new
technologies into the processes of design, engineering and production of textiles, a substantial
increase in productivity and quality of work can be achieved. Consequently, the textile/clothing
industries are being transformed from traditional, labour-intensive, into highly automated and
computer-aided branches.

Virtual prototyping has a great potential in modern clothing industry because it allows
rapid development of 3D virtual garment prototypes. In a small number of process steps, we may
change patterns, colors, fabric types and other parameters that influence the appearance and
behavior of clothing products. In this contribution, the possibilities of customization of clothing
products with the support of digitalization and virtual prototyping, also for disabled persons and
persons with spinal deformities, as well as development of smart clothing with digital featured
and intelligent devices, were presented.
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Abstract: In this study, rosemary oil was obtained from Rosmarinus officinalis L. by water vapor distillation
method. Microcapsules were formed in different shell and core ratio using gelatin, gum arabic and ethyl
cellulose was employed as shell. Morphological features of the obtained microparticles were examined by
scanning electron microscopy (SEM). The bonding structures of microparticles were investigated by using
Fourier transformed infrared (FT-IR) spectrometry and thermogravimetric analysis and differential thermal
analysis system (DT/TGA). The selected microcapsule formulation was transferred to the fabrics used in sports
and leisure garments according to the exhaustion method. The fabrics were examined by SEM for the presence
of capsules on the fabrics.
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1. INTRODUCTION

Importance of functional finishing processes in the textile industry are increasing day by day. These
functional finishings not only assures giving different features to the textile product, but they also
increase the value of the product, create a competitive environment and increase the market share.
Aromatherapy can be defined as the use of fragrant essential oils obtained from various parts of plants
such as bark, leaves, flowers, fruits, seeds, stems and roots in the natural/herbal
treatment. Microencapsulation is a process to protect the perishable functional core
materials such as antioxidants, antimicrobials, flammable substances, insecticides, drugs, phase
change materials, from external factors (heat, light, oxidation, etc.) with a thin polymer film by
preparing micro and nano-sized particles containing these active agents in spherical form. Thus, these
active materials can their effects for longer periods [1]. By using encapsulation technology in textile
finishing, it is possible to maintain the properties of materials which are not durable against
washing. Spray drying is an attractive microencapsulation technique which work with the
principle of the transformation of a liquid or a dispersion feed from the liquid state into a powdered
material by spraying the feed into a hot drying medium [2, 3]. Rosemary plant (Rosmarinus
officinalis) is an evergreen bush which is cultivated for its aromatic oil for pharmaceutical,
cosmetic and food industries. The most common components of rosemary are caffeic acid and
rosmarinic acid which have known by their antioxidant effect. Rosemary oil includes esters such as
borneol, cineoles and several terpenes, mainly -pinene and camphene These active agents have
been investigated in many researches because their potential therapeutic properties [4-7].

Essential oil was obtained from Rosmarinus officinalis and characterized by the content of
these essential oils (GC-MS). The obtained rosemary oil was encapsulated using different
polymer shells (gelatin, arabic gum and ethyl cellulose) according to spray drying method. The
morphological properties of the microcapsules were investigated by scanning electron
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microscopy (SEM). Thebonding structures of microparticles were investigated by Fourier
transform infrared (FT-IR) spectrometer and thermogravimetric analysis and differential
thermal analysis system (DT / TGA). The selected microparticle formulation was applied to
the fabrics used in sports and leisure clothes according to the exhaustion method. In order to
determine the presence of capsule on the fabrics the fabrics were examined by SEM.

2. MATERIAL AND METHOD

2.1 Material

In this study, knitted fabric with Ne 30/1 yarn was used. Gelatin (Gel), guarabic (GA) and ethyl
cellulose (EC) was used as shell material. Gel was donated Sel Gel. GA and EC was obtained from
Sigma-Aldrich. Rosemary oil used as core material was obtained from Rosmarinus officinalis by
Dogal Destek A.S. (Tabia). The surfactants (Tween 80, Span 20) used were obtained from Merck.
Tanatex Nano PU was used as binder. All other auxiliary chemicals used in the study are laboratory
grade.

2.2. Production of Rosemary Qil and Determination of Composition

The raw materials used in the production of rosemary essential oil were obtained from the
Rosmarinus officinalis plant grown in the South and Central Aegean. The essential oils chosen for use
within the scope of the project are widely used in different fields due to their therapeutic or aromatic
effects, they have no reported toxic effects on their topical use and are considered GRAS (Generally
Recognized as Safe) [8, 9]. Water vapor distillation method is used for obtaining essential oil. During
the production, optimization studies were carried out by Dogal Destek, and the composition of the
essential oil was obtained by AGILLENT brand gas chromatography mass spectroscopy (GC-MS).

2.3. Microencapsulation and Characterization Rosemary Qil Capsules
The solutions prepared at the different concentrations given in Table 1 were sprayed from the 0.5 mm
nozzle into the cabinet with a pump speed of 2.5 /min. The compressor and air circulation speed were
operated at maximum. The experiments were carried out in a Lab Plant brand SD-Basic spray drying
device with a main cabinet size of 380 mm x 110 mm. Inlet and outlet temperature are set 125°C and
85 °C, respectively.

Table 1: Microparticle formulations

Formulation Polymer Rosemary Oil Surfactant Stirring Yield (%)
R1 3% Gel 5% 2 %Tween80 3000 rpm 1h 37.7
R2 3% Gel 7.5% 2% Tween80 3000 rpm 1h 26,9
R3* 3% Gel 3% 2% Tween80 3000 rpm 24h -
R4* 1.25% Gel 39 2% Tween80 3000 rpm 24h )
0.85% GA 1% Span20
RS 3% EC 1.5% 2% Tween80 3000 rpm 24h 84.3
R6 2% EC 1% 2% Tween80 3000 rpm 24h 70.2
2% Tween80 8000 rpm 1 h
R7 3% EC 1.5% 2% PEG 400 84.6
1% Span20
2% Tween80 8000 rpm 1 h
R8 3% EC 3% 2% Span20 58.7
2% Tween80 12000 rpm 1 h
R9 3% EC 3% 2% Span20 49.5

*15% glutaraldehyde (1%) was added

In order to determine the morphological properties and approximate particle sizes of
microparticles, images were taken using SEM. Samples were plated with gold for 1 minute at 20 mA
electric current with a coating device to provide conductivity before imaging. Gold coating thickness
is 8 nm. The production efficiency of the obtained microcapsules was calculated according to
the following equation.

Actual capsule amount (g)

(%)Yield = — x 100
Theoritical capsule amount (g)

FT-IR analyses were done in the 400-4000 cm™ wavelength range. The thermal properties of the
materials were investigated using a DT-TGA under nitrogen atmosphere. Samples weighing 5-10
mg were compressed into the sample holder to be airtight and the studies were carried out at a
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scanning speed of 5°C / min, in the range of 0-250°C and with a sensitivity of 0.001°C.

2.4. Application of Capsules and Characterization of Textile Surface

The capsule application onto Knitted fabrics were done according to exhaustion method at 25°
C for 15min. Laboratory stenter was used for combined drying and fixation process for 7 min at
120°C. The effect of capsule application on mechanical properties were determined with
a burst strength method. The color was measured with spectrophotometer before and after
finishing. In order to determine the microparticles on the fabrics, the fabrics were examined by SEM.

3. RESULTS

When the essential oil composition of Rosmarinus officinalis was examined (Figure 1), it was found
that besides 42% 1,8-cineole, there are majorly a- and B-pinene, borneol, camphene and limonene.
5000X magnified images of capsules are given in Figure 2. The effects of polymer and essential oil
concentration on the morphological properties of capsules were investigated. Despite obtaining more
round shape capsules in gelatin formulations (R3) crosslinked with glutaraldehyde, solubility in
water was not ensured in both Gel and Gel-GA capsules. When R7, RS, and R9 formulations were
examined it was found that stirring speed and surfactants were affected the capsule size and capsules
were morphologically spherical.

Fig. 1. Essential oil composition of Rosmarinus officinalis

FT-IR spectra of EC, rosemary oil and the capsules are shown in Fig. 3. Infrared spectra of EC showed
characteristics bands for -C—O—C- stretching vibration (1053 ¢cm ') and C-H stretching bands (2865
and 2975 cm™') C-H bending was seen at 1380 cm' [10]. Main peaks of rosemary oil were
observed: O-H groups between 3600-3200 cm™ and CH; peak around 2900 cm™. At the fingerprint
region, characteristic 1,8 cineole (eucalyptol) bands were determined at 1374 ¢cm™ (CH3(CO)), 1214
cm™! and 1079 cm™ (C-O-C) and 984 cm™ (CH,). The FTIR spectra of encapsulated oils from all
formulations were showed similar profiles but bands had different intensities. In the finger print
region, the transmittance bands observed at 1079 and 1053 cm™ are referred to C-O bond asymmetric
stretching [11]. In R7, R8 and R9 samples, intensity of C=0 stretch (1735 c¢cm™), which is mainly
attributed to the keto group of camphor, and the typical C-H stretching bands from 2975 to 2865 cm’
and at 1460 and 1380 cm™ were found to be stronger than other formulations [12]. This may be due to
better emulsion stability provided by the addition of different surfactants. It is concluded that the
presence of rosemary essential oil in the polymeric matrix was provided and there is no significant
chemical interaction between rosemary oil and ethyl cellulose.

Fig. 2. SEM Images of Rosemary Capsules
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Fig. 3. FT-IR Spectra of EC-Rosemary Capsules

Fig. 4. SEM photomicrographs of fabrics treated with EC-Rosemary Capsules

Optimum  formulation was selected according to structural distribution, capsule
morphology, chemical and thermal properties and the production yield. Afterwards the
selected formulation was applied to textile surface. SEM photomicrographs are given in Fig.
4 at 100X and 500X magnification, respectively. Studies to determine the effect of washing
sequential washing and active substance content in fabrics are in progress.

4. CONCLUSIONS

The aim of this study was to develop an alternative product in sports and leisure clothes.
These garments contain nano and micro-sized capsules with rosemary oil. In the
production of capsules, ethyl cellulose, which is safe to of contact with the skin, was used as
shell polymer. As the capsule production method, spray drying method was chosen that is applicable
in industrial scale. It is thought that the use of rosemary oil in the microcapsules will provide
aromatherapy as well as control of odor that may occur during sports. With the possible
commercialization of the developed product, it is assumed that it will bring innovation to the
functional textiles market.
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Abstract: As a result of changing needs and technological developments, interactive technologies became a part
of our daily life. Among the other structures, textile based interactive products are getting more and more
attention because of their flexible, comfortable and cleanable characteristics with other structural advantages. In
the early stages of the investigations, the combination of electronics and textiles were seemed not to be practicable
in view of their opposite properties. With the successful results of scientific studies, the integration of electronic
components into textiles offers great advantages. These products, called 'the textiles of the future', involve
different functions like protection, actuation, communication etc. Various industries such as medical, security,
entertainment and sport/well-being develop different types of new generation product using these functions. The
development of smart wear is a new challenge for the textile and clothing industry. It has to develop products
based not only on design, fashion and comfort concepts but also in terms of functions. In this study,
recent developments about smart/interactive garments have been reviewed. Major application areas and
futuristic R&D directions for smart textiles were investigated. Recent trends, market researches, future
projections and latest developments about interactive electrotextile products have been introduced.

Key words: Electrotextiles, smart garments, interactive products, conductive textiles, flexible electronics.
1. INTRODUCTION

The materials of our surroundings are being “intellectualized”. Whereas, in the past, several components
have been needed to satisfy a certain function. Today, technology has allowed us to meet the same
function with less components. The concept of “miniaturization” not only means the production of smaller
components, but the elimination of components. “Smart Systems and Materials” are getting more and
more attention in last decade and have a great potential in the field of textiles. Intelligent textile systems,
integrated to electronics, have the capacity of improving the user’s performance by sensing, adopting
itself and responding to a situational need [1-3].

The smart/interactive textile structures that integrate electronics and textile materials and the materials that
react to the external stimuli physically and chemically have been developed. These products, which are
called 'the garments of the future', involve different functions such as protection, actuation,
communication etc [4-6].

According to a widely accepted classification in the literature, smart textiles can be classified into
three groups. Passive smart textiles: only able to sense the environment/user, based on sensors; Active
smart textiles: reactive sensing to stimuli from the environment, integrating an actuator function and a
sensing device; Very smart textiles: able to sense, react and adapt their behavior to the given
circumstances [3]. The transformative character of textiles means that they are not simply materials to be
applied to a specific product or context, but can also function as an interesting sketching medium for
surface explorations when designing artefacts [7]. On the other hand, the procedures used to design
interactive garments can be grouped into two major topics. The first is to fulfill the needs of the comfort
properties as it is an ordinary textile product while the second is to meet the functional requirements as
a useful tool.
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Functionality, durability, sufficient working time, user-friendly interface and the optimum power source
are among the major parameters in point of designing of a portable structure. In this study, recent
developments, futuristic R&D directions, recent trends/market researches, future projections and latest
developments about smart/interactive electrotextile products have been introduced.

2. ELECTROTEXTILE PROFILES FOR TODAY

Interactive clothing is usually a textile platform embedded with textile or non-textile sensors, signal
processing/analysis, and control or decision modules capable of stimulating body functions or sensing
stimuli from the environment, and then reacting or adapting behavior to the circumstances [8]. The
integration of smart functionality into clothing and other textile products will radically change the culture
surrounding these products, fundamentally altering people’s relationships with them and the way they
use them. Smart functionality will also have an impact on the way products are designed and the
materials developed. Smart textiles represents the next generation of textiles with use in several fashion
products, furnishing and technical textiles applications. The vision is to create textile products exhibiting
dynamic functionalities by combining smart materials and integrated computing power. Obviously
consumers also have an awareness with the growing technology and novel products. When we examine
the “Google Trending Searches”, We can observe a slow adoption from wearable technology to smart
clothing within last 5 years. Although recent Google searches show “Smart clothing” increasing in
popularity, users still are not largely aware of the market offerings [9].

. Smart

Clathing

B Wearable
Not Technology

Fig.1. The searching trends of the terms “smart clothing” & “wearable technology [9]

In adaptation of high tech into daily clothes, two types of technology are available. The first one is
mounting electronic devices into garments. The second one is the creation of wires or electronic functions
such as diodes, transistors, and LEDs on the textile fibers. The most common preferred approach is the
first category because of its technical simplicity and applicability. Construction of the electronic circuits
on a cloth surface is possible using conductive threads. Conductive threads can carry electric current as
power and electronic signals between the electronic circuits in order to create conductive pathways [10].
When we examine the current global market, it is estimated to be around US$ 580 million in 2015 and is
expected to grow at a CAGR of 30% and reach USS$ 2.2 billion by 2020. Major drivers identified for the
growth of the smart textiles market are: Growing trends in the wearable electronics market, Increasing
popularity of sophisticated gadgets with advanced functions, Miniaturization of electronic components,
Rapid growth oflow-cost smart wireless sensor networks [11].

3. FUTURE PROSPECTS OF SMART AND INTERACTIVE WEARABLES

Intelligent clothing concept has been aggressively investigated for the potential of many long-term
personal monitoring, communication, and computing wearable systems in free-living environment.
Key developments that augur well for smart textile future are;

e Miniaturization of electronics and advancements in wireless technology

e Integration of wireless technologies into ineractive textiles

e Sensors and actuator technologies for monitoring wearer’s various biological signals

e Demand from end-use industries, such as medical/personal protective equipment[11]
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On the other hand, there are various restraints that need to be overcome for further growth of smart
textiles;

o Efficient power supply need; In order to fulfill the power needs of the whole system. There are still
investigations to develop lightweight power sources with adequate capacity.

e Need for cleaning issues of smart textiles; As in all textile products, there is a need for cleaning the
interactive garments in certain periods depending on usage. Washing or cleaning with or without water is
required.

e Level of awareness among consumers; In order to provide a commercial success for smart garments, it
is necessary to eliminate prejudice for consumers and increase the awareness and acceptance of products
[11].

As seen on the market research reports, today, there is a general awareness and acceptance for wearable devices
not for e-textiles[12]. Many reports in the literature emphasized that smart textiles market will increase
by reaching an incredible market volume within the next 10 years. According to a report released by
the business consulting firm Grand View Research, the global smart fabrics market was worth $878.9
million in 2018, and it’s expected to reach $5.55 billion by 2025. As shown in Figure 2, this trends
also can be seen not only in market value but also in number of devices[13].
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Fig. 2: Awareness about Wear-tech products [12] & Cumulative wearable device shipments
by category, World markets 2013-2020 [13]

4. CONCLUSION

Smart clothing is an advanced fusion of “technology and fashion”, an innovation that turned fantasy into
reality. In respect to body movements, various signals can be obtained from the wearer. These signals can

be converted into functional results. For interactive wearable products, it is primarily expected that there

should be no difference in appearance from ordinary clothing in order to be commercially successful for

that product. So, being a casual garment, design studies have a critical role in developing such prototypes.

Improvements can be resulted in a fully-integrated garment in terms of weight and volume i.e. novel
improvements such as wireless technologies, cellular communication facilities and advantages of mobile

equipment and applications.

The technological advancement, fashionable looks, personal disposable income, demand from various

sectors, are some of the factors affecting the growth of global smart clothing market. Key characteristics

that can affect to product development studies may be categorized as:

1) embedded or applied tech,

2) fabrication technique: woven, knitted, printed, or embroidered technology, and

3) hard or soft components.

On the other hand, for mass adoption, the problems about comfort, wear, and launderability issues should
be overcome. Such topics about technological advances and/or disadvantages will be among the main
motivations in overcoming barriers to interactive clothing. On the other hand the internet speed is also
important to make such devices a cornerstone of personal health management. So according to the reports,
5G internet connection will be a positive affect for wearable technologies.
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Big data analysis is necessary to realize the full potential of smart clothing. There are many smart clothing
products and use cases where providing personal biometric or environmental data for end users in order to
improve the health, safety, and happiness of consumers. These commercial applications, particularly in
professional athletics, military, and healthcare have significant market potential. A secondary market of
IoT big data platforms will grow to serve these commercial customers and use cases.

An investment in developing products that serve commercial use cases will offer investors and
shareholders the quickest rate of return. So, the business and enterprise issues will also provide a huge
financial value in next years. Marketing strategies and business policy will take a new shape form smart
garments. Consumers are moving more into electronic textiles everyday and the trend of interactive
clothing is expected to rise.
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Abstract: The wastewater treatment sector is a very dynamic field, in continuous development. New
technologies are developed, or the existing ones are improved [1]. An efficient biological treatment is
based on solid small plastic pieces (biofilm carriers) on which different types of microorganisms attach,
develop and grow. This technology is known as Moving Bed Biofilm Reactor (MBBR) technology [2].
The most common materials used for the biofilm carriers’ realization are based on high density
polyethylene. This technology is not yet applied for the treatment of the cellulosic wastewaters, since
cellulose is hard to be removed by using conventional microorganisms that are usually used in biological
wastewater treatment. Some of the authors propose an improved material for carriers to be used in
tertiary treatment for textile, paper-mill or tannery wastewaters [3]. The biofilm carriers are adapted for
fungal activity. The selected fungal strains (White Root Fungi) capable of removing cellulose from
wastewaters [4] will be immobilized on special biofilm carriers. The improved carrier is designed to be
used in a MBBR and to favour fungal development in the presence of competing bacteria. Several
laboratory experiments related to the fungal attachment on the improved carriers were realized and the
results are presented in the paper.

Key words: wastewater treatment, biofilm carrier, fungi, polyethylene, cellulose

1. INTRODUCTION

The main sources of wastewater containing cellulose are: the paper industry, the tanneries,
the agrozootechnical farms, the wood industry, the textile industry [1] (Fig.1).
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Fig.1. Textile fibres including cellulose-based fibres
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In addition to industrial wastewater, cellulose can also be found in municipal wastewater [2].
Currently, the cellulose industry is processing, besides the softwoods, significant quantities of
annual hardwood and deciduous wood. The cellulose in wastewater is difficult to be removed
with conventional biological treatment. The authors propose an innovative solution for
cellulose removal from textile wastewaters. An advanced biological stage will be conceived,
based on selected fungal strain that will be grown on innovative polyethylene carriers
containing cellulose. The carriers are designed to be exploited in a moving bed bioreactor
and to favour fungal growth in the presence of competing bacteria.

2. WASTEWATER TREATMENT USING MOBILE BIOFILM CARRIERS

The textile wastewaters are treated through a multitude processes, depending on the
diversity of the pollutants [3]. All types of treatments can be found in a textile wastewater
treatment plant including physic-mechanical, biological, chemical and advanced treatment
processes. Regarding the biological treatment, the activated sludge, is the most well-known
process used worldwide. This process has been significant improved starting the 80’s, when
the Moving Bed Biofilm Reactor (MBBR) technology was conceived in Norway [1].
Suspended fixed-film packing are introduced inside the biological tanks. MBB tanks are
operated similarly to the activated sludge ones with the addition of freely small pieces of
biofilm carriers. Advantages of the MBBR technology over the activated sludge technology
include shorter retention time, higher efficiency in removal of organic compounds, N and P
removal [3].

Also, compared with the activated sludge process, MBBR processes improve
reliability, simplify operation, and has a smaller footprint. MBBR technology employs
polyethylene biofilm carriers operating aerated or anoxic conditions. Each biofilm carrier
increases the biomass inside the tanks through providing protected surface area for biofilm
development [1].

This technology provides cost-effective treatment with minimal maintenance as the
process generates a smaller quantity of sludge [4].

The authors propose a new direction for the biofilm carrier utilization. Was conceived
an advanced tertiary stage to remove the cellulose contained by the textile wastewaters [5].
The mobile biofilm carriers are modified in order to sustain fungal activity. Selected fungi
will be immobilized on the improved biofilm carriers, that will be capable to reduce the
cellulose content. The new treatment technology is designed as self-sustaining by the
exploitation of an innovative fungal carrier containing cellulose. In fact, cellulose is the
nutrient source for the bioactive fungal tool proliferation.

The MBBR basin was designed conceptually Fig.2. It was considered a
laboratory experimental tank. MBBR stage consists in 2 basins: the active basin containing
biofilm carriers and settler for sedimentation and disposal of the resulting sludge. During
the experimental research the MBBR stage will be adapted to different working conditions.

g S 214 _“ s . _—
a. Overview b. Metal diffusers c. Membrane diffusers

Fig.2. The MBBR type purification process
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Two variants of air diffusers were considered, metal with fine bubbles and
classic diffusers, with membrane. The main components of the MBBR stage are presented in
table 1.

Table 1: Materials and equipment used for the realization of the laboratory MBBR installation for cellulose removal

No. Name M.U. | Number
1 Metal tank with PVC interior and plexiglass pcs. 2
2 Air intake blower pcs. 1
3 Blower accessories pcs. 1
4 Blower support pcs. 1
5 Hydraulic network PP-R D.25 air m 6
6 Compressed air flow meter pcs. 1
7 Air pressure gauge pcs. 1
8 Circular membrane diffusers pcs. 4
9 Stainless steel speakers pcs. 4
10 | Flange OL D.50 PN10 pcs. 2
11 | SDR17 D.63 PN10 SDR17 Adapter pcs. 2
12 | EF D.63 SDR17 PN10 socket pcs. 2
13 | PEID D.63 SDR17 PN10 pipe m 1
14 | Submersible sludge pump pcs. 1
15 | Hydraulic network PEID D.63 sludge m 2
16 | Hydraulic network PEID D.32 sludge m 3

3. IMPROVED BIOFILM CARRIERS FOR FUNGALATACHMENT

The main types of materials used to make biofilm carriers are mineral particles (expanded sand
and clays) or plastics (polystyrene, polyethylene and polyurethane) [4]. In the table 2 several materials
used worldwide for the manufacture of the biofilm carriers are presented.

Table 2: Materials used worldwide to make biofilm carriers

Material Type Material Specifications
Natural material Stone BF Melted limestone, -63-6 mm
chalk Limestone ballast, -62-6 mm
Pumice Volcanic lava stone
Talas Birch, 1 cm?
Processed materials | Rubber material type Nitto 1686 | EPDM pore rubber, 1 cm?
Cotton typhoon Cotton material, in a frame of @1 cm
Insulating lining Rubber foam, 2 cm?
LECA Expanded clay flakes
Mineral wool Glass fiber (Si02) n, 2 cm?
L Synsafe G2 Synthetic organic fibers, 1 cm?
Plastic materials Bulpren FCT280 PU foam (polyester), I c¢cm?
TM 23220 filte PU foam (polyether), 1 cm?
Kaldness K1 HD-PE, ®9.1 mm
Nylon belt Nylon (PA), @1 cm
Packed peanuts Recycled PS, 1 cm?, 99.6% air
Plastic tub: PP, grooved, @1 cm
Plastic wheel$ Tube with inner cross, 1 cm?
Lamiflex 301DX PU foam (polyether), I cm?

Some of the authors developed a new material for a proper fungal attachment based on different
mixtures between cellulose, talc and high-density polyethylene. The talc increases the efficiency of
attaching the biofilm to the biofilm carriers (demonstrated in the ABAWARE project), and the cellulose
will ensure the fungal attachment. In Fig. 3 is presented a new model of biofilm carriers, developed by
some of the authors, that can be used in MBBR processes.
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Fig. 3: New biofilm carrier to be used in MBBR process

During the experimental researches few fungal strains were immobilized on different types of biofilm
carrier, as presented in Fig.4.

Fig. 4. Biofilm carriers immobilized with fungi for cellulose based textile wastewaters

4. CONCLUSIONS

Although the specialized fungal immobilization on biofilm carriers is an innovative technology
developed within an international research project, the obtain results are promising. A new type and
material for specialized fungal attachment was developed and realized. Also, at laboratory level, the
fungal attachment was highlighted. The researches will continue by introducing the immobilized biofilm
carriers inside the MBBR.
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Abstract: Smart Textiles for STEM training (Science, Technology, Engineering and Math’s).is an
Erasmus+ project aiming to bridge Textile Companies with the Education sector via Smart Textiles
Innovation and Training. Industries have been surveyed to analyze the needs for new jobs and skills in
Smart textiles, contributing to improve the links with VET Schools training and closing the gap between
industry and education. During the project a number of smart textiles examples and prototypes are worked to
be transferred to Schools and used by students and teachers, aiming to foster STEM training.
This paper presents the results of the survey applied to selected textile companies on Technical and
Smart Textiles, based on data collected from 63 textile enterprises in Romania, Belgium, Slovenia, Portugal
and Czech Republic. The survey identifies existing opportunities for producing smart textiles in enterprises and
forecasting expected occupations and work profiles for young trainees.
The guide for smart practices presents the results of this survey and aims to transfer smart practices
from enterprises to Vocational Education and Training (VET) schools and young students. Providing
real life prototypes and multi-disciplinary working activities on smart textiles will make textile
occupations more attractive to young students, and will improve knowledge, skills and employability of
VET students in STEM related fields.

Key words: Technical textiles, Smart textiles skills, Prototypes, STEM training, VET schools
1. INTRODUCTION

A smart textile system has basically five functions: sensors, actuators, data processing, energy supply
and communication. The progress in the smart textile domain was possible due to simultaneous
development of several technological domains: synthetic fibers, textile technology, electronics and
information technology.

The guide for smart practices in the textile sector aims to identify the skills needed in enterprises in
order to prepare a Course adequate to the expected needs. Smart Textiles for STEM training (Science,
Technology, Engineering and Math’s) is an Erasmus+ project. Nicknamed SKILLS4SMARTEX the
initiative aims to bridge Textile Companies with the Education sector via Smart Textiles Innovation
and Training.

Sixty-three companies have been surveyed contributing to improve the links with VET Schools
training and closing the gap between industry and education. During the project a number of Smart
Textiles examples and prototypes are worked to be transferred to Schools and used by students and
teachers, aiming to foster STEM training.
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This paper presents the results of the survey, based on data collected from enterprises in Romania,
Belgium, Slovenia, Portugal and Czech Republic. The research includes also seventeen smart textiles
products that represent success stories from industry that are sources of inspiration to professionals
and educators.

The innovation experiences and collected stories will be transferred to VET Schools, in order to
prepare students to the jobs of the future. The idea is to anticipate job profiles and prepare the students
with the appropriate skills.

Smart textiles products industrially produced in Europe can be used by teachers locally during the
students learning process at School, they and their teachers will be invited to visit the respective
enterprises and to learn more about the most modern and innovative textile enterprises in their region.
Having good examples to work with, teachers and students can have more practical learning
experiences, with a multilevel and project based learning of the STEM (Science, Technology,
Engineering and Mathematics) subjects, in order to get skills that prepare them to the world-of-work in
smart & technical textile field. Providing real life prototypes and multi-disciplinary working activities
on smart textiles will make textile occupations more attractive to young students, and will improve
knowledge, skills and employability of VET students in STEM related fields.

2. RESEARCH METHODOLOGY

The research was tailored according to Bardach’s methodology which focuses on a smart and
interesting idea in a given practice that deserves attention [1]. This type of study characterizes basic
and general aspects, as well as the links between them and are thus called “smart practices” research.
A methodology of Best Practice Research (BPR) has been developed, based on a questionnaire survey,
which was commonly prepared by the project’s partners and included aspects related to:
e Analyzing the interest and capacity of textile enterprises to perform smart and technical
textiles.
e Finding the profile and the number of the workplaces needed by thetextile industry.
e Identifying the availability of textile enterprises to organize one-day visits with VET students
or practical training.
e Transferring the guide towards important stakeholders, such as: VET schools, professional
associations, enterprises, regional educational agencies.
The questionnaire includes a total of 33 questions, some are Multiple Answering Questions where the
respondent can choose between a rose of alternatives, other questions are using a Likert scale, with
selectable values from 0 to 5. For common understanding of terms in what concerns technical and
smart textiles, the example of a t-shirt was provided to respondents:
Level 0 = basic standard t-shirt
Level 1 = functional t-shirt with thermal properties or antibacterial functions
Level 2 = t-shirt with passive smart properties e.g. Phase Change Materials (PCM), colour change
Level 3 = t-shirt with attached components (sensors — heart rate, temperature...)
Level 4 =t-shirt with embedded components (communication sensors like GPS)
The research was based on high-value added smart textile products from industries in the partner’s
countries to understand the current development and the innovation in the textile sector. The data
gathered from the survey will be used to identify the sources sites, namely the textile enterprises
providing profiles for high value-added workplaces for young trainees.

3. SURVEY DATA RESULTS
3.1 Results of the questionnaire

The survey was conducted between January and April 2019 and produced a state-of-the-art report on
Technical and Smart Textiles in 5 European countries, based on data collected from 63 selected
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Textile enterprises in Belgium (10), Czech Republic (10), Portugal (12), Romania (21) and Slovenia
(10).

Data collected during the research revealed that 63% of the companies are from Clothing/fashion and
from Technical Textiles and invest at least 4% of their budget in innovation. Most of the companies
prefer younger managers and engineers. This is particularly relevant in Portugal and Belgium, where
about 90% of the companies prefer people under 40 years old.

Concerning innovation, all areas of innovation are mentioned, but technology and design are the top-
rated answers. Data Capture is especially relevant for Belgium companies, in line with the evolution of
smart textiles for health and sport that require large amounts of data to be analyzed. All areas
concerned with technical textiles are relevant, with emphasis on technical textiles for clothing
applications (Clothtech, 16%), technical protective fabrics (Protech, 13%), textiles for sports
(Sportech, 11%), automotive textiles, including railways, ships, aircraft and spacecraft (Mobiltech,
11%), medical and hygienic textiles (Medtech, 10%).

It should be emphasized that more than half of the companies have still either no involvement or
involvement only in first generation smart textiles. In terms of first generation (functional smart
textiles) there is an emphasis on water and stain resistant, as well as conductive thermic / electric.
Concerning second generation (passive smart textiles reacting to the environment), emphasis is on
thermal aspects (thermally regulated, heat involving and heat fabric and storage). Colour change
fabrics have been highly rated in Slovenia and in Portugal. For third generation (smart textiles with
attached or embedded components) emphasis is on temperature regulating. Activity and heart beat
reading are given significant importance in Belgium and Slovenia, in line with the focus on Sportech
and Medtech. Interactive wear and sport jackets are the emphasis for fourth generation smart textiles
(ultra-smart textiles, much more advanced, combining sensors, actuators, and communication, help
anticipating needs of the wearer).

3.2 Industry success stories

The guide includes survey results resulting from the seventeen in-depth interviews with most
innovative enterprises. Case studies include several areas of smart textiles, involving namely
conductive textiles for several applications (optical effects / LED, shielding, measurement of vital life
functions), increased thermal comfort, thermal insulation, stockings with gradual compression, etc. As
an example, figure 1 presents the product LEDInTEX: a light technology that allows the use of
LEDs within the curtains with Jaquard design.

Fig. 1. LEDinTEX (Texteis Penedo, Portugal)

Two very interesting products developed in Slovenia are:

. a T-shirt with GPS that measures vital life functions and temperature, intended for
firefighters, soldiers and policemen in the event of a lifethreatening.
. a kinesiological assistant, where the sensors in clothes can monitor adequacy of sport

training to achieve an increase in condition and muscle mass, respectively. Adequacy is monitored
in the phone application. It is intended for professional sportsman and recreational sportsman.
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The smart products that have been surveyed represent opportunities and are the basis for forecasting
expected occupations and work profiles. They will be used in the training actions within the
SKILLS4SMARTEX project.

4. TRANSFER INNOVATIVE IDEAS TO EDUCATION ORGANIZATIONS

The main aim of the Smart textiles for STEM training project is to develop transfer of innovation
strategies from research providers towards textile enterprises & VET schools. The main strategy is to
link students with textile professions and with companies via existing industrial smart textiles products
that are being produced in their respective regions.

The students within technical education acquire basic disciplines, such as mathematics, physics,
technical drawing, chemistry, biology, mechanics, but the horizon of the end applications and
usefulness of such basic disciplines is often not touchable. In correlation with these facts, the
Skills4Smartex project is centered on improving knowledge, skills and employability of VET students
in the STEM related fields, by providing the adequate examples from industry and the adequate
training instruments to students to understand multidisciplinary working.

The state of the art in the textile sector, together with the Industry success stories on Smart Textiles
products allow VET Schools, their teachers and students to analyse a with range of examples from
industry that can be inspiring for the work within a STEM practice in the classroom. Visiting the
companies and getting the chance to develop real word prototypes will foster the development of skills
and can be an attractive way to shorten the distance between students, VET Schools and the job
profiles needed in the industry in each textile region involved in the project.

It is expected that thanks to project dissemination the results can be further transferred to other textile
regions in Europe.

5. CONCLUSIONS

The guide for smart practices is the supporting raw material for the development of the project e-
learning course on smart textiles for textile professionals. Main aim is to offer learning content in
advanced textile fields and innovative solutions, especially smart textiles, for the textile enterprises,
represented by these professionals.

Smart textiles are nowadays used for various application fields within clothing, home textiles and
technical textiles applications and have overcome the barrier of classical products. Examples collected
from textile companies in Belgium, Czech Republic, Portugal, Romania and Slovenia include sports,
medicine, buildings and defense-military applications. They combine textile technologies with
electronics, chemistry, physics, and informatics and they represent a multidisciplinary domain.

The quality of Vocational Education and Training (VET) in technical fields at European level means
competitiveness leverage in the international context and more interconnection between the ecosystem
created by Industry, Research organizations and Professional Schools. European VET schools have a
good performance and a strong tradition, however, the key competences and STEM multidisciplinary
learning capacities have to be increased. The speed-up of technological development is an opportunity
for the young VET students, while the development of the textile industry needs new job profiles
including well prepared specialists in multidisciplinary fields.

The European Textile labor market needs appropriate skilled professional workers, in order to compete
on the global markets and this Guide intends to be a contribution toit.
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Abstract: The increase in daily usage of electrical and electronic tools simplify the lives of human beings, on the
other hand, they also create an enormous electromagnetic pollution. In industrial applications, electromagnetic
shielding materials are used to prevent these electromagnetic signals. The studies on human health against the
electromagnetic pollution was determined that the widely usage of these electronic devices increases the risk of
cancer. Especially in low frequency fields, the most consistent evidence is obtained in childhood leukemia [1]. In
order to reduce the damage of these electromagnetic waves, researches have been still made on the
electromagnetic shielding effectiveness. Electrically conductive technical textiles are also investigated for this
aim. Different textile structures such as knitted, woven, composite or coated textiles etc and also different
conductive yarns are produced to prevent these harmful waves [2-5].In this study, it is aimed to investigate the
electromagnetic shielding performances of conductive knitted fabrics. In order to search the efficiency of these
fabrics, single jersey and interlock knitted structures are produced. By using these fabrics, two different types of
double-layered fabric structures are formed and the shielding effectiveness of these structures are investigated
experimentally [6].

Key words: Electromagnetic shielding, conductive textiles, single jersey, interlock, double-layered fabrics.

1. INTRODUCTION

The electronic devices cause electromagnetic interferences (EMI), which increases health
problems [1, 7-8]. Researches are continued intensely to develop textile surfaces with electromagnetic
shielding properties [2-5, 9-13] and in this study, it is aimed to investigate the
electromagnetic shielding efficiency of single jersey and interlock knitted structures. By using
these fabrics, two different types of double-layered fabric structures are formed using sewing
techniques and the shielding effectiveness of these structures are investigated experimentally[6].

2. MATERIAL AND METHOD

Single jersey and interlock knitted fabrics were produced on E=18 gauge electronic circular bed
knitting machine using 30/1 Ne Stainless Steel/Cotton yarn (%80 Cotton/%20 Stainless Steel).
The properties of these knitted fabrics are given in Table 1.

The fabric layers are placed on top of each other in course/wale directions and sewn as two
groups as shown in Fig. 1. In the 1% group of samples, individual two layers are sewn at the edges of
the fabrics (Fig. 1a), and in the 2™ group of samples, in order to increase the contact points, the layers
are also sewn with a distance of 10 cm at widthwise and lengthwise (Fig. 1b)

Table 1. The properties of knitted fabrics

Stitch Densities
Khnitted Structure Wales per cm Wales Loo(pml;s;lgth
Interlock 7.1 13.2 0.34
Single Jersey 19.9 18 0.32
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Fig.1. The fabric layers (a) 1* group of samples (b)2" group of samples

In this study, free space measurement technique is used in order to determine SE (shielding
effectiveness) of knitted fabrics wusing a spectrum analyzer, Anritsu MS2711D.
Fundamental measurement method is based on the signal attenuation on two sides of knitted fabric
material located on far field zones of transmitter and receiver antennas. The measurement set-
up and the practical measurement set-up is shown in Fig.2. The measurements are realized within a
band of 750-3000 MHz.

Foam Base Material Under Test

-

—— 55D

Frequency (MH2)

(c)

Fig.3. a) The SE values of single jersey fabrics (V=vertical, H= Horizontal measurement)
b) The SE values of double layered single jersey fabrics (SJS1) sewn from the ends
¢) The SE values of double layered single jersey fabrics (SJS2) with 10 cm stitches

3. RESULTS AND DISCUSSION

The SE results of the single jersey fabrics are given in Fig. 3. In Fig. 3a it can be seen that the mean
value of the single jersey SJ is almost 7-8 dB in vertical direction (wale direction). Only in small
frequency ranges, the SE value is higher than 10 dB. In horizontal direction (course direction), the
SE values are under 10 dB and there is no shielding effect. SE measurements of SJ double layer (SJS1) are
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seen in Fig. 3b. The highest mean SE value of SJIS1V (vertical measurement) is approximately 16 dB
between 1010-1068 MHz and 2177-2235 MHz, while the lowest value is 12 dB between 1763-1809
MHz frequency ranges. The SE values of SJS1H (horizontal measurement) is almost 17 dB between
958-1056 MHz, 13 dB between 2166-2206 MHz, 2241-2287 MHz and 2298-2344 MHz and 15 dB
between 2603- 2689 MHz. When the vertical and horizontal measurements are compared, it can be seen
that the shielding effect of the vertical measurements are approximately 15 dB in low and high frequency
range. In vertical measurement, the SE values are very effective in a wider frequency range in high
frequency band. SJ double layer (SJS2) with 10 cm stitches are seen In Fig.3c. The SE values of SJS2V
(vertical measurement) is approximately 12 dB between 1671-1809 MHz, 14 dB between 2166-2275
MHz and 12 dB between 2511-2637 MHz. The SE values of SJS2H (horizontal measurement) is almost
13 dB between 1671-1723 MHz and 2172-2281 MHz and 12 dB between 2545-2655 MHz. The results
of vertical measurements have better shielding values in a wide frequency range than horizontal
values.
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Fig.4. a) The SE values of interlock fabrics (V=vertical, H= Horizontal measurement)
b) The SE values of double layered interlock fabrics (IS1) sewn from the ends
¢) The SE values of double layered interlock fabrics (IS2) with 10 cm stitches

The SE results of the interlock knitted fabric samples (I) are given in Fig. 4. It can be seen in Fig.
4a that the SE values of interlock structures(I) are higher than SE values of SJ structures (Fig. 3a)
due to the increase in stainless steel amount. The SE values of IV is 13 dB between 1470-1533 MHz
and 1022-1062 Mhz, 14 dB between 1114-1436 MHz and 2494-2551 MHz, 15 dB between 1723-1970
MHz, 2005-2126 MHz and 2264-2321 MHz and 15,6 dB between 2603-2739 Mhz. The highest SE
value is 27,524 dB at 1384,25 MHz. In horizontal direction (course direction), the SE values are under
10 dB and there is no shielding effect. In Fig. 4b, SE measurements of double layered interlock
fabrics are given. The highest SE values of IS1V (Interlock sewn fabric-vertical measurement) is
26,044 dB at 1988 MHz. The mean SE values higher than 10 dB are obtained 14,6 dB (the highest
mean value) between 1119-1298 MHz and 12 dB (the lowest mean value) between 1022-
1062MHz.The highest SE values of IS1H is 23,112 dB at 1752,25 MHz. The mean SE values higher
than 10 dB are obtained 16,9 dB (the highest mean value) between 1671-1873 MHz and 11,8 dB (the
lowest mean value) between 2344-2373 MHz. In Fig 4c, SE measurements of double layered
interlock fabrics with 10 cm stitches are given. The highest SE value of IS2V is 23,98 dB at
1194,5 MHz. The mean SE values higher than 13 dB are obtained as 16,14 dB (the highest
mean value) between 1119-1303 MHz and 13,09 dB (the lowest mean value) between 2948-3000
MHz. The highest SE value of IS2H is 24,6 dB at 1194,5 MHz. The mean SE
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values higher than 10 dB are obtained as 17,74 dB (the highest mean value) between 1119-1252 MHz
and 12,66 dB (the lowest mean value) between 2632-2724 MHz.

Doubling the layers affects shielding values positively against one layered single jersey fabric,
because of the increase in the conductive material. Sewing the double layers with 10 cm intervals
makes a little difference in values, only the frequency band range becomes wider. But in one layered
interlock fabrics, SE values are higher because they are produced on double bed knitting
machines and the conductive yarn content increases. But doubling of these fabrics and increasing
the conductive yarn content make no difference.

4. CONCLUSIONS

In this study, it is aimed to investigate the electromagnetic shielding efficiency of single jersey and
interlock knitted structures. By using these fabrics, two different types of double-layered knitted
fabric structures are formed using sewing techniques and the shielding effectiveness of these
structures are investigated experimentally. It is significant that the electromagnetic shielding
values are very effective in the knitted fabrics produced with double bed knitting machines due to the
conductive yarn content. Doubling of the layers affects shielding values positively against the one
layered single jersey fabric, but in interlock structures, doubling of these fabrics and increasing the
conductive yarn content make no difference.
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Abstract: Research and experimentation becomes salient element for the rising of any country’s
economic development. Designers are consolidating natural and synthetic materials to enhance the
textile surfaces and making something contemporary out-of-the-box. In this high-tech stage of era,
functional finishes are becoming part of the textile and fashion world.

In this research two decorative functional finishes such as Fluorescent and Phosphorescent (Glow in
the Dark) are employed onto cotton substrates to develop haute couture dresses. The main purpose of
these finishes is to enhance the aesthetics of the garments rather than decorate them with typical
printing materials and techniques. Functional finishes have already been used in past for technical
aspects but in limitations.

These two major finishes will be utilized with self created print designs on classic theme “Memphis
style” .Cut lines are also represent modern era garments for spring season.

Key words: Textile surface, Functional finishes, Glow in the dark, Fluorescent finish, Haute couture,
Fashion design

1. INTRODUCTION

Research and experimentation becomes salient element for the rising of any country’s economic
development. It gives confidence to researchers and scientists, because the advantage of radical
researchers gives intuition to procedures, demonstration, combining modus for sternness, conclusive
of accurate for the country and gives a better invariability. In today’s world, technology is over
powering each and every aspect of life. Also, it is globally translating the world into making of unique,
timeless, high tech and comfortable lifestyle. . In this high-tech stage of era, functional finishes are
becoming part of the textile and fashion world. Finished exteriors would be changing mood of the
anthology as it represents artist’s ideology about his/her collection.

Cotton is used as a predominant fabric. Printing and finishes are incorporated on cotton substrate.

1.1 Fluorescence

An abrupt color is appeared when any fluorescent item is exposed to UV light. It arose just because
absorbed radiation in the region of spectrum cannot be observed by human eye. But at the same time
the emitted lights can be seen in an obvious zone. When emission origin is stopped, then the glow
suddenly desists [1].

Initially fluorescent was seen in nature while an experiment was undertaking by a physicist. Many
methods were developed to make fluorescent pigments. Later on different techniques were developed
in new era but due to expensive prices of color fluorescent is not presently used in wide scale
industrial area, back in 1500 BC fluorescence literature was written in Chinese books. At that time it
was not interpreted, thousand years back. In 1565, a book named “Historia medicinal de las cosas que
se tra eu de nuestras” written by a botanist and a physician called Nicolas Monards about the blue
opalescence when mixed with water, derived from the wood called “coatli”. Another botanist Charles
Ded I’ ecsule translated this book in Latin in the year of 1574, which helps to give awareness of this
strange optical property of wood.

36



A research exposed the fluorescence flower named “Mirabilis Jalapa”. Some of the parts of this
flower shows yellow color when put under white light [3]. Different gems and mineral shows their
fluorescence characteristics. A series of different colors also found in crude oil, condensate and light
oils and tars.

1.2 Phosphorescence “Glow in the Dark”

Study predicts that phosphorescent elements deliver the stored light deliberately. It happens, because
energy of electrons stayed for much abbreviated period such as (10-9 to 10-6seconds).After that
process in shutter area the energy of electrons converts into energy after emitting light. As energy
changed, by the lag of time electrons diffuse light for a sufficient period of time electrons in impurity
line. If a plentiful emerge sheen on material, then at this state of time they glow[4]. Scientists
discovers that there is a bioluminescent found in a smallest sea creature called

“Dinoflagellates” .Which collectively brighten up the outer surface layer of sea at night. Cypridna
gives a glow in the tone of a bright blue. It can be used as dry powder if mixed with water. It was used
by soldiers by World War 2 in many useful ways, like illuminate maps and for reading purpose

Table 1: Long Lasting phosphors

Sulphuric Phosphors ZnS :Co

Earth alkaline metal aluminates Eu2+: ROa+ (A11-x G9%)203b+

Phosphorous is listed at fifteenth number of periodic system. It is related to 17" century when no one
was familiar with a chemical element. About hundred years ago scientific history on phosphors is
traced. Decay process of electrons is apparently main difference between phosphorescence and
fluorescence, resulted from the early researchers. In 1888 German physicist Eilhardt Wiedemann pre-
owned “luminescence” which precisely means emission of light. Creatures that live deep in sea where
no light beam is approach, they produce their own light with phosphorescence. Creatures who lives in
mesopelagic zone have a dept. around 650 to 3000 feet (200-1,000M) would have this kind of body
for living purpose. Such as jelly fish, shrimp, worms and squids. Cypridna gives a glow in the tone of
a bright blue. It can be used as dry powder if mixed with water. It was used by soldiers by World War
2 in many useful ways, like illuminate maps and for reading purpose[S]. Other uses of
Phosphorescence are watches, television tubes, toys, switches, and glowing suits by dancers [6].

1.3 Haute couture

Haute couture means to make custom-fitted and high fashion women’s clothes [7].The pioneer of
haute couture is Charles Frederick. He was the first to promote his collection through live models in
early 1950s. He is also known as the first designer to give a logo to his brand [8]. Worth spending
money garments made in this category are made by special order.

1.4 Memphis style design

Memphis was a Milan based collective of furniture and product designs which was known by their
different and modern designs formed by basic shapes with beautiful and playful colour schemes. It
became famous in 1980’s [9].

2. MATERIALS AND METHODS
2.1 Material
Cotton fabric is used as a substrate because of the good absorbency, drape, strength, durability,

comfortable handle, easily washable .For the woven fabrics, received in grey form, pre-treatment
process is conducted before further printing. Next, scouring was done to prepare the surface to apply
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finishing on them. For sizing mainly both polyvinyl alcohol and polyvinyl acetate are used. While
to get an apt fabric, on the primeval desizing and scouring procedure was performed.
2.2 Digital printing chemicals

Digital printing is the unique element given to the fabric to make the substrate surfaces
appealing aesthetically. It is specially done on Silk fabric base to support stay fresh functional
finish. The material required in the process of printing is listed below:

e Printing machine
e Printing pigments
e Digital reactive printed samples on Reggiani digital printing machine

2.3 Fluorescent printing chemicals
ITO Neon pigment

Yellow 4%

Magenta 4%

Orange 4%

2.4 Phosphorescent printing chemicals

e Glow in the dark pigment
® 15%,Printofix
e Binder ET 30%

2.5 Methodology of phosphorescence and fluorescence finish application

The application of fluorescence and phosphorescence finishes is applied through the process
of rotary printing. The process flow is based on six steps. In this process firstly an adhesive is
applied on the back of the substrate. This coating keeps it adhere to conveyor printing blanket.
Then, the fabric moves on under the rotating screens. The printing pigments or paste is aroused
automatically from these pressure tanks. In next step a squeezer imposes color paste onto the
substrate. This squeezer is attached on rotary screens and moving rate is up to 100 yards per
minute. The treated fabric is then move to the drying woven for drying. In last step, curing and
washing procedure is done to ready the finished fabric.

2.6 Designs

Printing designs are developed by keeping in mind the aesthetic look of an haute couture
collection. Different shapes and patterns are emerged together to form an appealing design with
the range of colors. Following are the final designs printed on fabrics.

Fig. 1. Design.1 inspired by Memphis style printed on cotton fabric
Fig. 2. Design.2 Glow in the dark Inspired by “Memphis style” printed on Cotton fabric
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2.7 Final Product

Final garments are made and stitched by a technical process of draping and pattern making.
After that it is stitched and hand sewn for the haute couture look. Details of the final product
are mentioned in figure 3 & 4.

Fig. 3. Dress.1 al2 paneled floor length Evening Gown “Glow in the Dark”
Fig. 4. Dress.2 Skirt with crop top in “Fluorescent colors”

2.8 Equipment

The process has been performed of various machines. From printing machine to stitching machine
all of the necessary equipment and finishing.

Unification of functional finishes on dissimilar superficies and garment accumulation is
successfully achieved. Three of the functional finishes were applied on the fabrics. Two of the
finishes were applied to adorn the textile surface while other one is applied to keep the fabric fresh.
Different self-made designs and patterns inspired by “Memphis Style theme” were also part of the
design section. All of the garments stitched by own self with implementation of fashion
design skills. The “fluorescence neon prints” were observed under UV lights of different colors in
light box. The “Glow in the dark — Phosphorescence” print was checked in dark room. While,
alternatively “Stay fresh” is tested by several washes. Fabric remain new like ever before after 70+
washes. The effect of anti-odor test is also performed physically, which brought out the positive
result of stench free fabric after wearing in humid weather and sweaty body. The results are
phenomenal and garments are technical yet wearable.

To counterfeit the research the main aspiration of the thesis is dispersed into three sections. The initial
one is comprises of different application of functional finishes in ingenious ways in the field of
technical textile and fashion. By also merging the two skills, one is the scientific aspect of textile
printing and another is to develop self-chosen theme design. Whereas, the second section includes the
introduction of all the functional finishes and designs onto fabric and further convert it into a high-
level and wearable Haute couture products.

The functional finishes like phosphorescence, fluorescence and stay fresh are expensive. But still their
demand in local market is so low. Their functionality and ornamentation quality is applicable in both
the textile and fashion industry. Hence, this research is made to open doors for the design researchers
to apply and augment the quality of future endeavor into more beneficial, applicable and wearable
products.

In Pakistan the practice of new innovations in garment sector is still undiscovered and unrecognized.
Even the designers are not aware of these technical finishes which can be used alternatives of simple
digital printing and embellished dresses. These finishes can be used in many other ways to provide
comfortable and futuristic aspect to designers but it has very low customization in Fashion as well as
textile industry.
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Fluorescein or curcumin are fluorescent dyes, which works usually through photo-physical process.
Sometimes, fluorescent itself termed as molecule. Generally, the dissemination of electrons found
in certain shells and orbitals from any atom. As electrons are kind of rudimentary particles, that’s
why electronic transitions are liable for luminescence. When electrons deactivated from excited
states, such condition is consider as unstable. Even though, electrons fettering to ground state,
the excitation energy is discharged again. This phenomenon is explain in figure 31

2.9 Mechanism of Fluorescence finish Vs. Mechanism of phosphorescence finish

Basically, the main difference between the mechanism of fluorescence and phosphorescence dyes is

the instinctive emission of electromagnetic radiation. In this process, when a source of light is removed
fluorescence stopped glowing immediately. Whereas, the glowing property of phosphorescent dyes
continue even after source of light is evacuated. It can lasts inlte extent of second or up to hours and
hours. Commonly, electrons of any atom moves in antiparallel spin just like this symbol (1]). In case
of fluorescence dyes, there are three states and have several energy levels. When electrons So are

lifted up till excited state S1 or S2 by electromagnetic radiation, this excitation is immediately stops

for at leastcost, 10-15 sec).After that they fall back to the ground level. The heat produces due to
vibrational relaxation. This thermal energy produce because of movement of the molecules. The

energy which is keep on releasing until it reach the lowest level of excited state. To reach back from
S2 to S1, the vibrational relaxation helps electrons until they reach their bottom state. This process is
explained through &blonski Diagram in figure 2.6

Theoretically, as the surrounding molecules cannot absorbs energy if atoo large quantity of

energy is created in the last state. The electrons can relax from then but in a non-radiative
way. The fluorescence then ensues, which carries out the emission of photons in a certain
wavelengths. This process of emission of photons keep on working until they are back in ground

state, but electron-spin is kept the same figure.

On the other hand, process of phosphorescenceis slightly different. All the states are same So, S1 and
S2. Even they have antiparallel spin. The addition of an excited triplet T1 lies vigorously in between
the So and S1 state. The process of excitation is done through electromagnetic radiation in the same
way. At the same time an intersystem crossing is happened because T1 state is much advantageous

that state of S2 and the develop an electronic transition between both excited state through internal
conversion. Here, the parallel spins (11) of electrons found in triplet state. The process of ISC is also
known as “spin-forbidden”. A transition of T1 lowest energy level and So state is spin-forbidden; but

the transition in between them is not immediately attainable. Still, it can be occurred with less
feasibility. The reversal process of electron spinning causes weak emission of photons. The captured
energy stays in this state for a short period, the discharged very slowly and gently. In the end the
electrons come back in ground state right after releasing of ggnéfhe mechanism is well

explained in this diagram 2.7.

2.10 Testing Process of Phosphorescent and Fluorescent Activity

Phosphorescent:

With the application of “Glow in the Dark” pigments photo luminescent activity was evaluated using
ASTM standard method E 2072.With the help of this experiment of photo-lumiscence was performed
and were tested according to standards [10].

Fluorescent:-
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In consonance with standard NF EN471 the evaluation of fluorescent colors with basic parameter was
performed. To determine saturation and hue each color characterized by the X and Y in accordance to their
chromaticity co-ordinates. Their luminance factors measure by

B = Y/Yo

Where Yo =100
For perfect reflecting diffuser Yo = 100 is three-chromatic color coordinate. On the other hand, Y is the
co-ordinate for the tested colors. The value of fluorescent parameters of textile specimen were tested when
their chromatically co-ordinates X and Y along with luminance factor according to greater or equal value
were determined by the standard NF EN471. The equipment used to determine these parameters was
DATACOLOR spectrocolorimet.

Table 2: Luminous factor and the chromaticity co-ordinates X and Y as resolute by NF- EN471 standard

Dye X Y Minimum value of
luminous Factor
Luminous Yellow 0.460;0.398;0.387;0.356 0.611;0.494;0.452;0.540 0.7
Luminous Pink 0.655;0.570;0.595;0.690 0.345;0.340;0.315;0.310 0.25
Luminous Orange 0.610;0.535;0.570;0.655 0.390;0.375;0.340;0.345 0.4

3. CONCLUSIONS

The research and development of this hypothesis deduces that functional finishes can be
applied by both ornamental and mechanical point of view. The exceptional combination of
Haute couture and functional finishes is introducing a new era in garment making other than safety
precaution purpose. Finishes can be experimented through new application processes and ore
decorative materials can be added at the time of application process to give ultra-glitter and
shine, which makes it more shinny and fancy. It is recommended that more outstanding
emanation; such new combinations should be enforced with further development of range of high-
end and high-tech garments.
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Abstract:

Poly (s-caprolactone) (PCL) is a member of petrochemical raw material based biodegradable
polyesters. Numerous studies have applied electrospinning, wet spinning and melt spinning techniques
for processing fibers from PCL and its copolymers. The thermoplastic nature, low melting point and
high extensibility of PCL makes it a good candidate for processing with melt-spinning method which is
an economic and environment friendly fiber production process. Several studies have investigated the
production of PCL fibers via melt-spinning, however, there is still significant room for improvement in
process parameters and fiber properties. Therefore, in this study, we used different spin pack designs,
extrusion and drawing parameters for the melt spinning of neat PCL filaments. Melt-spun solid and
hollow multifilaments having smooth surfaces were successfully produced by using a lab-scale melt
spinning device. Crystallinity of multifilaments remained unchanged in terms of production
parameters. Tensile test results suggest that PCL filaments can be produced using various types of
spin packs with decent mechanical properties by means of melt spinning. Hollow structure can extend
the field of application of fibers in medical appicatios by taking the advabtage of its carrier
properties.

Keywords: Biodegradable fibers, poly (e-caprolactone), melt spinning, hollow fibers, solid fibers

1. INTRODUCTION

Various synthetic polymers were produced in the early 20th century and are currently being used as
raw materials in several industries such as textile, automotive, agriculture and healthcare. Besides,
starting in the 21st century, due to the environmental concerns, there is an increasing interest in the
development of bio-based and biodegradable polymers in the world. The production of fibers from
synthetic biopolymers is a niche market in the application range of biopolymers. Poly (e-caprolactone)
(PCL) is a member of petrochemical raw material based biodegradable polyesters. This biodegradable
aliphatic polyester is one of the earliest polymers which first synthesized in 1934. Lately, the polymer
has attracted substantial interest in medical applications such as sutures and scaffolds [1-2]. Numerous
studies have applied electrospinning, wet spinning and melt spinning techniques for processing fibers
from PCL and its copolymers. The thermoplastic nature, low melting point (Tm~60 °C) and high
extensibility of PCL makes it a good candidate for processing with melt-spinning method which is an
economic and environment friendly fiber production process [3]. Several studies have investigated the
production of PCL fibers via melt-spinning; however, there is still significant room for improvement
in process parameters and fiber properties for industrial scale production [3-5]. Thus, it is necessary to
apply modifications to the PCL fibers for some applications. Fibers can be modified by several
physical and chemical methods to improve their properties for new application areas in functional
textiles. One of the modification methods is changing the cross sections of the fibers from circular to
non-round shapes like trilobal, flat, hollow and triangular. Researchs on non-round cross sectional
shaped fibers aregenerally focused on melt spun fibers, since it is possible to change the cross
sectional shape of the fiber only by changing the shape of the spinneret orifices [6-7]. Therefore this
study considers the fabrication and characterization of melt spun poly (e-caprolactone) fibers having
different cross sections. We used different spin pack designs, extrusion and drawing parameters to
obtain solid and hollow PCL fibers for alternative medical textileapplications.
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2. EXPERIMENTAL

2.1 Materials

Three PCL multifilaments were melt-spun from the PCL polymer Capa™ 6500 pellets provided by
Perstorp (UK). The pellets had a mean molecular weight of Mw=50 000 Da, melt flow index of 7.90-
5.90 g/10 min and a melting point of Tm=58-60 °C.

2.2 Melt spinning

Melt-spinning of multifilaments was carried out on lab type melt spinning device (Fiber Extrusion
Technology, Leeds, UK) in Technical Textiles Research and Development Center izmir (TEKSMER).
This melt spinning plant enables the production of mono-, and bi-component fibers with various fiber
cross-sections and polymer combinations. Depending on the type of fibers to spin, various spin packs
can be set such as hollow, core/sheat, and side by side. In this study solid and hollow spin pack design
were installed. Lab type melt spinning device and multifilaments can be seen in Fig. 1.

o —

Fig. 1. Melt-spinning device and PCL multifilaments (solid:PCL 1000, PCL 1001 and hollow:PCL 1002)

2.3 Characterization

Optical microscope (Olympus BX43) was used to analyze the diameter and morphology of
multifilaments. The diameter results were averaged over 10 measurements and expressed in pm. The
fineness of fibers was calculated as yarn count in tex. Mechanical testing of the filaments was carried
out with a standard tensile testing machine (Instron 4411). Tests were performed in 100 mm long test
samples at a rate of extension of 100 mm/minute with a 500 N load cell. Thermal properties of the
PCL multifilaments were characterized using differential scanning calorimetry (DSC) ranging from -
25 to 120 °C at both a heating and cooling rate of 10 °C min'! under nitrogen atmosphere. Crystal
structure analysis of multifilaments was performed by X-ray diffraction (XRD) by Rigaku D/MAX-
2000 using Cu-K alpha radiation with a scanning range from 3° to 90° and an angle step of 0.02°.

3. RESULT AND DISCUSSION

3.1 Melt spinning of PCL solid and hollow multifilaments

Three different multifilaments with two different spin pack design (solid and hollow) were melt-spun
from PCL pellets. The extrusion and drawing parameters of the filaments are summarized in Table 1.

Table 1: Extrusion and drawing parameters of PCL solid and hollow multifilaments

Fiber Yarn Extrusion Spin pack design/ Take-up Drawing Winder | Draw
Count | temperatures temperatures godet speed | godet speeds speed ratio
(tex) (°O) (°O) (m/min) (m/min) (m/min)
PCL_1000 35 45-55-65-70 Solid multifilament/90 200 230-260-290 300 1.5
PCL_1001 24 45-55-65-70 Solid multifilament/95 200 250-300-350 380 1.9
PCL_1002 35 50-65-75-80 Hollow multifilament/95 220 220-240-270 330 1.5

Extrusion temperatures of PCL polymer were below 100°C; extrusion zone temperatures were set

between 45°C to 80°C and spin pack temperatures 90-95°C. Hollow multifilament extrusion

temparatures were set higher than other two solid fibers in order to get homogenous melt flow and to
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increase polymer throughput rate. Godet speeds were varied 230 m/min to 350 m/min whereas take-up
godet speed was set to 220 m/min for PCL 1002 hollow fiber.

3.2 Fiber morphology and fineness

Light microscope images indicate that solid and hollow PCL monofilaments having smooth surfaces
and circular cross sections were successfully produced by means of melt-spinning (Fig. 2). Irregular
cross-sections of hollow fibers were observed due to possible compress during section cutting. The
diameter was measured for each filament separately as it varied from 21-31 um (Table 2).

Fig. 2. Longtidunal and cross sectional images of PCL multifilamanets by optical microscopy

3.3 Mechanical properties

Mechanical test results of PCL multifilamnets revealed that the specific stress and elongation at break
are in a range of 5.94-7.48 cN/tex and 72-187 mm, respectively. Mechanical properties of
multifilaments are summarized in Table 2. According to tensile measurements, PCL_ 1002 hollow
fiber has the highest specific stress (7.48 cN/tex) whereas PCL 1000 has the lowest (5.94 cN/tex).
These two filaments have same draw ratio but higher take-up speed of PCL_ 1002 induced to get
improved specific stress value with the aid of stress induced crystallization. Elongation at break results
suggest PCL_1001 has the lowest elongation at break due to higher draw ratio of filaments.

Table 2: Mechanical properties of PCL solid and hollow multifilaments

Fiber Yarn Count | Diameter | Draw ratio Specific stress Elongation at break
(tex) (nm) (cN/tex) (mm)
PCL_1000 35 29 1.5 5.94 187.6
PCL_1001 24 21 1.9 6.58 72.5
PCL_1002 35 31 1.5 7.48 178.9

3.4 Thermal properties

Thermal properties of the PCL multifilaments obtained from DSC curves including the melting
temperature (Tm), melting enthalpy (AHn), crystallization temperature (T¢), crystallization enthalpy
(AH.) and degree of crystallinity (X¢) are summarized in Table 3.

Table 3: Thermal properties of PCL solid and hollow multifilaments

Fiber Tm (°C) | AHm (J/g) T. (°C) AH. (J/g) Xe (%)
PCL_1000 55.46 42.60 30.57 47.66 30.53
PCL_1001 55.13 41.13 30.53 47.60 29.48
PCL_1002 55.14 40.59 30.68 47.69 29.00

The crystallinity of the polymer was estimated according to the equation
(1): )
% = AHmelt/AHrefx 100

where AHnel: is the heat enthalpy, AH,r, the heat enthalpy of an ideal crystal (PCL,139.5 J/g) [8].
According to the melting behaviour of filaments, the melting temperature upon second heating was
determined to be = 55 °C and the crystallization temperature upon cooling = 30 °C for all
multifilaments. No significant change in X¢, Tm and T. was observed for different production
parameters and spin pack designs (Fig. 3).

44



£

a) ——PCL_1000
——PCL_1001

PCL_1002

—FPCL_1000 &
——PCL_1001
PCL_1002, o

Heat Flow Endo Up (mW)

Heat Flow Endo Up (mW'

45 50 55 60 6 20 25 30 35 20
Temperature (°C) Temperalure (°C)

Fig. 3. DSC results of PCL filaments based on second heating and the first cooling scan a) melting curves of
multiflaments, b) crystallization curves of multifilaments

3.5 Structural properties

XRD was performed on PCL multifilaments in order to determine the changes in the crystalline
structure. Fig. 4 shows the XRD diffractograms of filaments melt-spun with different spin pack design
and draw ratios. The diffraction pattern of the solid and hollow filaments indicated two distinct peaks
at about 206=21° and 26=24° corresponding to reflections (110) and (200), respectively [9].

=5

——PCL_1000
——PCL_1001
PCL_1002

Intensity (a.u.)

15 20 25 30
20(%)

Fig. 4. The XRD patterns of PCL solid and hollow multifilaments

4. CONCLUSIONS

In this study melt-spun solid and hollow multifilaments having smooth surfaces and diameters from 21
to 31 um were successfully produced. Higher draw ratio allowed to have finer filaments with smaller
diameter. No significant change in melting and crystallization temperature was observed. Crystallinity
of multifilaments remained unchanged in terms of production parameters XRD diffractograms showed
distinct diffraction peaks for the drawn filaments which indicate oriented crystallites Tensile test
results suggest that PCL filaments can be produced using various types of spin packs with decent
mechanical properties by means of melt spinning. Hollow structure can extend the field of application
of fibers in medical appicatios by taking the advabtage of its carrierproperties.
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Abstract: Nowadays, too much water, energy, chemical substances are consumed for the conventional textile
finishing processes and more chemicals are exposed to the environmental load. In our world of diminishing
resources, the most ideal way of using the available resources has been inevitable in the name of all living things
on earth. In order to alleviate the environmental burden and increase the green production understanding, the
textile finishing sector continues to work as in other sectors. The chemicals used in the studies are minimized to
be preferred environmentally friendly substances. Enzymes used in textile finishing, ultrasound technology and
use of ozone as oxidizing agents can be seen as the successful results of these studies [1-4].

In this study, processes that can reduce the environmental load in denim finishing processes were investigated
with ozone gas used in many fields in recent years. Denim fabrics were treated with ozone and compared with
other conventional denim finishing methods. In this study, which is performed in order to improve the bleaching
process with ozone, it is envisaged to reduce the chemicals and water used in conventional denim finishing. The
operations were carried out on a total of 20 pants, which were sizing and desized pants. In addition, preliminary
trials were carried out at acidic, basic and neutral pHs to examine the effect of pH change on the ozone
bleaching process. In accordance with the results of previous studies, it was decided to make the best humidity
rate of 60%. Ozone concentration was chosen as 100 g/m> and 200 g/m*. In addition to these, ozone application
time was determined as 20 minutes. Weight loss, tear strength and color measurement analysis of the fabrics
were performed before and after the ozone processes.

Keywords: Ozone, denim, bleaching, ecology

1. INTRODUCTION

In our diminishing world, using the available resources in the most ideal way has become
inevitable in the name of all the vitality living in the world. In order to alleviate the environmental
burden and increase the understanding of green production, studies are continuing in the textile
finishing sector as in other sectors. The chemicals used in the studies are minimized and it is aimed
to prefer environmentally friendly substances. Successful results of these studies can be seen as
the presence of various enzymes in textile finishing, ultrasound technology and the use of ozone
as anoxidant.

Ozone, which chemical formula is O;, is the active oxygen. It is an effective antimicrobial
agent and deodorizing agent. Ozone has a high reactivity. It is colorless and heavier than air. In the
presence of oxygen, almost all high energy sources can produce ozone.

In the textile industry, the studies carried out with ozone technology are limited. Ozone gas is
widely used in denim sector for washing, aging and patterning effects. Apart from this type of
usage, there is no area in which it is widely used or is a routine process. For this reason, all the studies
about ozone are very important in terms of spreading ozone.

In this study, processes that can reduce the environmental load in denim finishing processes
were investigated with ozone gas used in many fields in recent years. Denim fabrics were
treated with ozone and compared with other conventional denim finishing methods. In this
study, which is performed in order to improve the bleaching process with ozone, it is
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envisaged to reduce the chemicals and water used in conventional denim finishing. The operations
were carried out on a total of 20 pants, which were sizing and desized pants. In addition,
preliminary trials were carried out at acidic, basic and neutral pHs to examine the effect of pH
change on the ozone bleaching process. In accordance with the results of previous studies, it was
decided to make the best humidity rate of 60%. Ozone concentration was chosen as 100 g/m’® and
200 g/m’. In addition to these, ozone application time was determined as 20 minutes. Weight loss,
tear strength and color measurement analysis of the fabrics were performed before and after the ozone
processes

2. MATERIAL AND METHOD

2.1 Material

In this study, 100% Cotton 3/1 twill weave indigo dyed denim trousers were used. Amylase
enzyme were used in desizing process (roge amylasse 188RT) and dispersing agent (LAVA SPERSE
KDS) were supplied from DYSTAR, wetting agent (FORAN BKS) from FOURKIM, hydrogen
peroxide, sodium hypochlorite and enzyme washing process (FORYL C2) were supplied from Rubin
Chemical Company.

2.2 Method

Procedures were carried out by dividing the 20 pants into 2 groups. In the first group,
trousers without sizing material were used. In the other group, the desizing pants were treated
with ozone. In this study, preliminary experiments were conducted in acidic, basic and neutral
pH to investigate the effect of pH change on ozone bleaching process. In accordance with the
results of previous studies, it was decided that the best moisture content was 60%. Ozone content
was selected as 100 g / m® and 200 g / m®. In addition, ozone application time was determined
as 20 minutes. Isatin released as a result of chemical reaction after ozone bleaching process
which causes a yellow color precipitation on the product. As a result of experiments with
various chemicals to get rid of anthrylic acid, the best result was obtained with hydrogen
peroxide as a post-treatment and it was decided to treat with hydrogen peroxide as a post-
treatment. Weight loss, tear strength and color measurement analysis of the fabrics were performed
before and after the ozone processes.

Table 1: Processes

Sized Desized Process Time | pH | Temperature
Sample Sample (min) (°O)
1 11 100 g/ m3 20 5 Room 5¢ /1 5 min hydrogen peroxide
ozone Temperature | bleaching at 60 °C + 2 min cold
rinsing
2 12 200 g/ m? 20 5 Room 5g /15 min hydrogen peroxide
ozone Temperature | bleaching at 60 oC + 2 min cold
rinsing
3 13 100 g/ m3 20 7 Room 5g /15 min hydrogen peroxide
ozone Temperature | bleaching at 60 oC + 2 min cold
rinsing
4 14 200 g/ m? 20 7 Room 5g /15 min hydrogen peroxide
ozone Temperature | bleaching at 60 oC + 2 min cold
rinsing
5 15 100 g/ m? 20 10 | Room 5g /15 min hydrogen peroxide
ozone Temperature | bleaching at 60 oC + 2 min cold
rinsing
6 16 200 g/ m? 20 10 Room 5g /15 min hydrogen peroxide
ozone Temperature | bleaching at 60 oC + 2 min cold
rinsing
7 17 Sodium 10 10 50 3 min neutralization with 10 g /1
hypochlorite sodium metabisulfite + 2 min cold
bleaching rinse
8 18 Sodium 7,5 10 50 3 min neutralization with 10 g /1
hypochlorite sodium metabisulfite + 2 min cold
bleaching rinse
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9 19 Sodium 5 10 50 3 min neutralization with 10 g /1

hypochlorite sodium metabisulfite + 2 min cold
bleaching rinse
10 20 1kg fabric / 30 7 40 2 min cold rinse
18kg pumice
+5g/L
cellulase

30min Stone
washing  +
Washing

3. RESULTS AND DISCUSSION

The weight loss of the fabrics as a result of 3 different effecting methods and 20 different recipes were
shown in Figure 1.

6.54 6.54 6.54

6.07
5.6

G 5.37 5.37

49 49 AET 4.9

42 432 307

Weight Loss (%)

1 2 3 4 5 6 7 8 % 10 11 12 13 14 15 16 17 18 19 20

Sample Numbers

Fig.1. Weight Loss

When the results were examined, it is seen that the lowest weight loss occurs with ozone
method. Less weight loss was observed in the desized samples compared to the sized ones. The
reason for this can be explained by the fact that ozone does not fully pass through the sizing
material and the decrase of the yarn penetration rate. The most weight loss samples were
desized, hypochlorite bleached and stone washed ones.

The warp tear strength values of the fabrics were shown in Figure 2 together with the strength
value of the raw fabric.

According to the results, no loss of strength was observed in the ozone bleaching processes
except for Example 14, but the strength increase was observed. The reason for this is thought to
be that ozone does not damage the fabric than indigo and that the density of the fabric is
increased by experiencing shrinkage.

It was seen that the ozone washing which showed the highest strength increase was the
ozone washing performed in the basic environment. It was determined that ozone concentration
and pH change did not have any effect on strength in desized fabrics. While hypochlorite
bleaching was not harmed the sized fabrics, it causes loss of strength in the fabric that has
been desized. Stone-washing sample, which is one of the effecting processes with mechanical
effect, was caused  a loss of strength of 32% in the non-sizing fabric, and this value was the
method that causes the most damage to the fabric and decreased its strength.
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Fig.2. Warp Tear Strength Values

The color measurement values of denim fabrics were given in Figure 3. The b* value represents the
blue-yellow axis value in the CIE-Lab color system and the blue value increases as the b* value
decreases. L* indicates the lightness value and the color lightness increases as the L* value increases.
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Fig.3. Color Values of Fabrics

When the color values of denim fabrics were examined, it was found that all bleaching processes
in general increased the color lightness of the fabrics. It is seen that the highest clearance value
obtained was in prescriptions 12 and 14. This results were showed that the 200g / m* ozonation for 20
minutes gives the best value for clarity. It was seen that as the amount and duration of ozone
increases, the lightness values increase but the pH change wasnot cause a big color difference. When
the b * values were compared, it was found that denim fabrics obtained with all recipes in general
had better blue values than raw fabrics. It was seen that denim fabrics have a higher blue value
especially after hypochlorite bleaching.

5. CONCLUSIONS

As a conclusion, it was seen that the aging effect gives better results than the conventional methods
in the fabrics with ozone bleaching process. This has had a better effect on denim fabrics moistened
in a basic environment. At the same time, the decolorization of the desized fabrics was higher. For
this reason, it will be appropriate to apply ozone after removing the sizing agent.
When the ozone concentration was examined, the lightness values of the fabrics treated with 100
g / m* ozone were lower lightness values than the fabrics treated with 200 g / m®. According to this
result, it was seen that the lightness value increases with increasing ozone concentration. It is
recommended that, when lighter trousers are required the amount of ozone have to be increased. It is
understood that the ozone bleaching process does not cause high strength drops compared
to conventional hypochlorite bleaching and enzyme + stone washing.

As a result of the analysis, it was determined that ozone process, which is an environment friendly
application, can be used on denim in textile industry.
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Abstract: As the security precautions with respect to new standards for the furnishing textiles in
big platforms such as concert, theatre halls have increased, flame retardancy has become one of the vital
required property for drapery fabrics. However, those kind of additional treatment processes may lead
to some differences in fabric properties such as friction which should be considered for the consumers. This
study aims to evaluate the influence of using different ratio of flame retardant chemicals (g/l) on friction
coefficient of drapery fabrics. For this purpose, nine types of fabrics composed of three different weft
density (9, 11, 13 threads/cm) were selected. The warp yarns were selected as 400/200 denier/filament while the
weft yarns were selected as 800 /200 denier/filament textured micro polyester yarns. Three levels for flame
retardant (0, 60 and 90 g/l) were determined as the finishing processes. After the dobby fabrics were woven and
exposed to finishing treatments; Friction coefficient values were recorded with Labthink Param MXD-02.
ANOVA tests were performed in order to evaluate the significant effect of weft density and flame
retardant chemical ratio on friction properties of drapery fabrics. Additionally, SNK tests were conducted
for the comparison of means of friction values of drapery fabrics produced at different weft density also of
the samples treated with different flame retardant chemical ratio. Experimental results revealed that
structural parameters and the finishing processes were influential factors on the surface frictional
characteristics of the fabrics. It was clearly observed that surface friction coefficients of drapery fabrics
decreased due to the flame retardant process.

Key words: drapery fabric, flame retardant ratio, weft density, fabric friction coefficient
1. INTRODUCTION

Fabric friction is defined as the resistance to motion when the fabric is mechanically rubbed against itself or
rubbed against another material. Dimensionless ratio of friction force (F) between two materials to
the normal force (N) pressing the bodies together can be described as friction coefficient; u (u = F/
N). Frictional properties of fabrics are important for determination of roughness degree,
smoothness or other tactile properties. Fabric structures which indicate little friction resistance against the
movement applied on their surface may be described as “smooth”. However, coefficient of friction of
fabric surfaces may not be enough for the evaluation of smoothness or roughness degree. Moreover,
fabric friction is an essential factor on determining fabric features such as abrasion,
wear and shrinkage. It is assumed in some studies that fabrics low friction is less affected from the
mechanical effects resulting with low abrasion [1-3].

The frictional properties of fabrics vary with the fibre content variations, yam
mechanical properties, fabric structure as well as finishing treatments. Frictional properties of fabrics have been
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generally evaluated under the subjects of smoothness, roughness and handle. Differences between the
static and dynamic frictional forces have been mentioned as one of the correlated parameter
with fabric handle [4]. When the influence of fabric structure, yarn type was analysed on the static
friction coefficient, it was concluded that condition and chemical history of the fabric were also
influential factors. However, structure and fibre nature were found to be more dominant factors [5].
Das et al. investigated the fabric to metal surface and fabric to fabric frictional feature of a series
of fabrics made of 100% polyester, 100% viscose and their blends with cotton and viscose. It was
found that fabric friction has been influenced by many factors such as fibre type, blend type,
blend proportion, yarn structure, fabric structure, compressibility etc. In polyester blends with
cotton and with viscose, it was found that frictional force increased as the cellulose ratio in
the blend increased [6]. Some researchers claimed that the difference (Fs-Fk) had relationship with
the tactile sensation of smoothness of the material. It was observed that material was crunchier and
scroopy as the difference became greater [7,8]. The differences between static and kinetic forces
have been also found strongly correlated with fabric handle in the works of Hearle and Husain [9].
Little frictional resistance to motion across the fabric surface with low coefficient of friction may
indicate that the material is smooth. Additionally, stick-slip motion which reveals the number
of peaks and the amplitude of the frictional resistance have been declared to be correlated
with the related fabric properties such as yarn sett, structural protuberances [10]. Ajayi
investigated the influence of yarn geometry on surface topography and smoothness of fabrics.
Author supported that a systematic increase in fabric construction led to increment of frictional
resistance where the fabric surface was smoother. It was also concluded that an increase in yarn
linear density also resulted with increment of frictional resistance and surface roughness. This result
was attributed to the increase in mechanical interlocking of yarn crowns [11].

Siillar et al. emphasized in their study that increase in the weft setting resulted with
diminishing of fabric static and kinetic friction coefficient values of plain, 2/1 twill and 3/1
twill woven cotton samples. With respect to weaving pattern of cotton fabrics; plain fabrics
indicated the highest fabric friction coefficient values while 3/1 twill fabrics possessed the
lowest friction coefficient [12]. Their results were support with the early findings of Behery [13].
Considering the studies regarding the effect of weaving structure on coefficient friction of
plain, twill and satin weaves; it was concluded that apparent contact area is the important
determinator in fabric frictional characteristics [14]. Another result about the frictional resistance of
the fabrics displayed that frictional resistance of fabrics woven from continuous-filament yarns varies
according to rubbing direction and the fabric structure [15]. In some recent research, relations between
fabric friction and fabric structure and finishing treatments were investigated. It was concluded that
there was strong correlation between some frictional parameters such as frictional resistance, the
number of peaks, the amplitude of resistance and the difference between static and Kkinetic
frictional forces and some fabric properties such as yarn sett and structural protuberances [3,16].
Drapery fabrics are the main furnishing textile groups which can be produced with different
weave patterns by using natural and man-made fibres like cotton, linen, rayon, polyester or
blends of those fibres. Surface treatment of polyester fabric with flame retardant
chemicals is especially appropriate for upholstery fabrics [17,18]. Apart from early
studies, this study gives a brief comparison and evaluation of static (us) and kinetic (uk)
coefficient friction of 100% micro polyester drapery fabrics produced at different weft densities
and treated with different ratio of flame retardant agent. As above mentioned in early
literature, weft density and the percentage ratio of applied flame retardant finishing agent
were thought as the possible factors influencing on the fabric friction properties. As the
literature has been investigated, it has been observed that many researches have been conducted
related to effect of structural parameters on friction coefficient properties of woven fabrics,
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while there are fewer studies involving the effect of flame retardant finishing process on friction
coefficient of the fabrics. This study aims to evaluate the influence of using different ratio of fire
retardant chemicals (g/l) on friction coefficient of drapery fabrics produced at different weft densities.

2. MATERIALS AND METHODS
2.1 Materials

Table 1 indicates the structural properties of nine type of drapery woven fabrics used within this
study. The weave structures of the fabrics are given in Figure 1. Dobby fabrics for drapery use were
produced on Dornier weaving machine by using the warp yarns of 400/200 denier/filament and the
weft yarns of 800/200 denier/filament textured micro polyester yarns at different weft yarn densities
of 9, 11 and 13 weft/cm where the warp density was kept constant as 33 warp/cm. Drapery
fabrics made of micro polyester yarns were subjected to finishing processes of flame retardancy. Eco-
Flam P-207 which is a cyclic phosphonates based compound was used as the flame retardant agent
with the ratios of 0, 60 and 90 g/l. The drapery fabrics were firstly impregnated for flame
retardancy with the wet pick up of 65%, dried at 170 °C for 45 seconds and cured at 190 °C for 1.5
minutes.

Table 1: Structural properties of fabric samples

. Flame retardant Yarn Count Yarn Density . . .
F?Em ratio (denier/filament) (thread/cm) Fabric U/nltZWelght
0 (g/) Warp Weft Warp Weft (g/m’)
F1 9 258
F2 0 400/200 | 800/200 33 11 280
F3 13 301
F4 9 267
F5 60 400/200 | 800/200 33 11 292
F6 13 328
F7 9 280
F8 90 400/200 | 800/200 33 11 304
F9 13 333
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Fig. 1: Weave structure of dobby drapery fabric
2.2 Methods

Static and kinetic friction coefficients of fabric samples were measured by Labthink Param MXD-
02 friction tester according to ASTM D 1894 [19]. Friction coefficients of the samples were
measured by fabric-to-fabric (drapery fabric-to-abrasive wool fabric) friction by wusing standard
abrasive wool fabric (ASTM D 4966) [20]. The fabric sample under test was mounted on the sled
(mass of sled: 200 g) and standard abrasive wool fabric was mounted on the moving plate (test speed:
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150 mm/min; stroke 150 mm) of the coefficient tester. Friction measurements were performed in warp
direction of fabric samples under test. Three measurements were recorded and the mean
was calculated. Prior to all tests, all fabrics were conditioned for 24 hours in standard
atmospheric conditions (at the temperature of 20 + 2 °C and relative humidity of 65 + 2 %).

2.3 Statistical Analysis

For interpreting the statistical significance of weft density and the amount of flame retardant ratio (g/1)
on fabric frictional properties; Randomized two-direction ANOVA was performed. SNK tests were
conducted for the comparison of means of static and kinetic friction coefficients. The treatment levels
in SNK tests were marked in accordance with the mean values and levels marked by different letter (a,
b, ¢) indicating the significant differences. The significance level (o) selected for all statistical tests in
the study is 0.05.

3. RESULTS AND DISCUSSION

The relationship between fabric properties (weft density, finishing process with different
flame retardant ratio) and friction coefficient of fabric samples was presented in Figure 2.
Considering the untreated samples, it was observed that woven samples with the minimum
weft density of 9 weft/cm indicated maximum static and kinetic friction coefficient. Our result was
supported in Silar et al. where the researchers found that static and  kinetic friction
coefficients decreased as the weft density increased [11]. This situation may be attributed to
diminishing crown height as the yarn sett increases as Akgun et al. declared in their research [21]. It
was also observed from Figure 2 that, static and kinetic friction coefficient of untreated drapery
fabrics produced at 11 and 13 weft/cm weft yarn density showed similar values. When
the flame retardant treated samples’ static and kinetic coefficients are considered, it is
understood that all flame retardant treated samples reveal lower static and kinetic friction
coefficient compared to their untreated counterparts. Additionally, there was not a clear
trend for the static and kinetic friction coefficient of treated samples with respect to weft
density.

As the friction coefficient of sample groups treated with different flame retardant ratio (g/l), it was
seen that fabric sample groups without flame retardant finishing process obsessed the highest
friction coefficient. The fabric groups treated with 60 g/l and 90 g/l flame retardant agent revealed low
friction coefficient values. This result might be attributed to mechanical effect of squeezing cylinders
just after the treatment providing a smoother surface for the fabrics as well as lower static and
kinetic friction coefficients. It was also emphasized in the before investigations that surface
roughness is highly correlated with the fabric friction properties. High and positive
Pearson correlation coefficients were obtained between fabric roughness and fabric friction
parameters of the fabric samples in Siilar et al.’s study which supports the idea that there
is a  high relationship between the fabric friction and fabric roughness properties [11].
According to friction results of our study, it is clearly understood that finishing process
improved the surface roughness resulting with a smoother surface beside with a lower
fabric friction coefficient. In other words, as a result of bending of surface fibres towards the
fibre bulk and the lateral compression of the yarns with high pressure in the cylinders just
after padding bath, threads are flattened and surface becomes more regular with the reduction
of friction results. Crimp heights of flame retardant treated fabrics will be probably
correspondingly lower, resulting in lesser resistance due to interlocking of the structure during
sliding [5].
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Fig.2. Change of the friction coefficient of fabrics

Additionally, in order to evaluate the effect of weft density and flame retardant ratio (g/l) on fabric
static and kinetic friction coefficient; Completely randomized two-factor analysis of variance
(ANOVA) was conducted (Table 2). It was observed that weft density, flame retardant ratio (g/l) and
their interaction had significant effect on the fabric static friction coefficient values at significant level
of 0.05. However, weft density was a non-significant factor on kinetic fabric coefficient values
although flame retardant ratio (g/l) and the interaction of weft density and flame retardant ratio (g/1)
were significant factors at significance level of 0.05. SNK results (Table 3) also indicate that drapery
fabrics produced at different weft density and the drapery fabrics treated with different ratio of flame
retardant chemical possessed different static fabric friction coefficient results. According to SNK
results (Table 3), regarding the static friction coefficient results highest value was obtained from the
drapery fabrics produced at 9 weft yarn density while minimum value was found among the samples
produced at 11 weft yarn density. Kinetic friction coefficient values of fabrics produced with different
weft yarn density were not statistically different between each other at significance level of 0.05.
Fabrics treated to 60 g/l and fabrics treated to 90 g/l of flame retardant agent revealed statistically the
same static and kinetic friction coefficient values which were lower than the static and kinetic friction
coefficient of untreated fabrics.

Table 2: Two-way ANOVA results for fabric friction properties

Fabric Property Source df F %S
Weﬂ(g;;“my 2 | 5651 | 0.01%
Static Friction Main Flame
C"e(fﬁ;‘e“t Effect Retardant | 2 | 42373 | 0.00*
Hs Ratio (F)
Interaction WHF 4 | 5229 | 0.00*
Weﬂ(g;;“my 2| 2012 | 016
Kinetic Friction Main Flame
C°e(fﬁ:‘e“t Effect Retardant | 2 | 36.711 | 0.00*
o Ratio (F)
Interaction WH*E 4 | 4982 | 0.00*

*statistically important according to 0=0.05
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Table 3: SNK results of fabric properties

Static Friction | Kinetic Friction
Parameter Coefficient Coefficient
(ns) (1K)
9 0.90 b 0.74 a
Weft Density
(threads/cm) 11 0.83a 0.71 a
13 0.86 ab 0.72 a
0 0.97b 0.81b
Flame Retardant
Ratio 60 0.81 a 0.69 a
(en
90 0.81 a 0.68 a

NOTE: The different letters next to the counts indicate that they are significantly different from each other at a significance
level of 0.05.

4. CONCLUSIONS

From the results obtained, it has been observed that weft density as one of the main fabric
structural properties and flame retardancy finishing process were considered as the influential factors
on the fabric friction coefficient results. According to test results and the statistical analysis
conducted, weft density, flame retardant ratio (g/1) and the interaction of weft density and flame
retardant ratio (g/l) were significant factors on static friction coefficient of the drapery samples.
When the friction coefficient of the untreated samples with respect to weft yarn density is
investigated, it can be concluded that friction coefficient values decreased as the weft yarn density
increased.

Weft density has been found as a non-significant factor on kinetic friction coefficient
properties of the fabric samples while flame retardant ratio and the interaction of weft density
and flame retardant ratio were significant effects on kinetic friction coefficient of the
samples at significance level of 0.05. Untreated samples provided higher static and kinetic
friction coefficient compared to those treated with 60 and 90 g/l ratio of flame retardant agent.

As a conclusion, fabric structural parameters and the finishing processes are one of the
influential factors on the surface characteristics of the fabrics. It was observed that surface
friction coefficients of drapery fabrics decreased after the flame retardant process. It might be
advised to conduct further studies related to relationship between the frictional characteristics of the
samples and the surface roughness of the drapery fabrics.
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Abstract: The problem of human being protecting against UV radiation is becoming more and more
significant from year to year and requires urgent solutions. Just UVB causes 50-90% of skin cancer and
especially affects children, adolescents and older people. Textile screens are the simplest and most
effective means to protect against the negative effects of UV radiation (UVR). Usually, white cotton and
linen fabrics are used for summer clothes. However, these materials have a low ultraviolet protective factor
(UPF ~ 5). Known developments that relate to the modification of textile materials to protect against UV
radiation, suggest the use of dense woven structures, modification with some metals oxides; the use of
UV absorbers that are derivats of harmful chemicals (for example, o-hydroxybenzophenones). But these
methods do not always provide the sufficiently level of UV protection. In our paper, the effectiveness of
vat dyes using to create textile screens for UV protection was investigated. In this study was
investigated cotton fabrics dyed with some vat dyes: turquoise, blue, yellow. UVR transmittance studies
were performed on optical spectrometer Solar SL40-2 (PSI-Line software). A high pressure discharge
lamp DRT-125 was used. As studies have shown, the most effective is a cotton textile screen, dyed with vat
blue.

Key words: UV radiation, textile screens, vat dyes, ultraviolet protective factor.

1. INTRODUCTION

Solar radiation is a natural factor in the formation of the Earth's climate and it has a significant
impact on the environment. Ultraviolet radiation (UVR) as the part of the solar spectrum plays an
important role in many processes in the biosphere. However, it can be very dangerous if its impact
exceeds the safe limits. In this case, the ability to protect many species is sharply reduced. As well
known, the skin and eyes of human being are the most vulnerable. Ultraviolet radiation is divided
into three spectral groups with different effects on living organisms [1-3]:

- UV-A radiation (wavelength 315-400 nm) - is not absorbed by the ozone layer, and
forms about 95% of the ultraviolet radiation reaching the earth; it penetrates deeper into the skin
than UV-B radiation, and it prolonged exposure can damage the eyes, accelerate skin aging, cause
skin cancer and indirect diseases at the DNA level;

- UV-B radiation (wavelength 280-315 nm) - partially absorbed by the ozone layer;
directly affects the upper layer of the skin; prolonged exposure leads to burns and sun strikes.
High doses of UV-B provoke the appearance of skin cancer and the development of malignant
melanoma;

- UV-C radiation (wavelength 100-280 nm) - completely absorbed by the ozone layer.
Modified textile materials are one of the effective and affordable UV protection means. The
advantages of textile screens for UV protection are their flexibility and the ability to modifying them
by various methods [4, 5].
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As a rule, organic and inorganic substances are used as modifiers. Organic substances are
called UV absorbers and inorganic ones are called UV blockers (for example, semiconductor metal
oxides: TiO2, ZnO, Al,O3) [6, 7].

Analysis of typical UV absorbers shows that they are derivatives of oxybenzo-phenones,
triazoles, esters of benzoic, salicylic, terephthalic acids with phenols (eg resorcinol).

In the table 1 some examples of organic industrial light stabilizers for different polymers are
showed [8].

Table 1: Organic industrial light stabilizers

Type of light stabilizers Type of light stabilizers
3 ‘]{ & '.:T-' i :\I"L Jr -\'. |l‘l'\!-.|.__‘__.
i Foli_I:ICH:;'..!.D.‘ 1 ;
i Poly-([6-[(1,1,3,3-tetramethylbutyl)amino]-1,3,5-
Bis(1,2,2,6,6-pentamethyl-4-piperidinyl)-sebacate + triazine-2,4-diyl][(2,2,6,6-tetramethyl-4-
1-(Methyl)-8-(1,2,2,6,6-) pentamethyl-4-piperidinyl)- piperidyl)imino]-1,6-hexanediyl[(2,2,6,6- tetramethyl-
sebacate 4-piperidyl)imino])
(]
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Poly (4-hydroxy-2,2,6,6-tetramethyl- 1 -piperidine 2,2,6,6-tetramethyl-4-piperidyl stearate
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For example, the structures of some vat dyes molecules are showed on Fig. 1. The chemical
structure of vat dyes is complex and similar to the structure of typical light stabilizers of polymeric
materials. Most polycyclic vat dyes contain in the molecules condensed or bound bridging groups of
the anthracene nucleus.
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Fig. 1. The chemical structure of vat dyes.

Vat dyes absorb radiation both in the visible and in the UV spectrum. These dyes are multi-cores
organic compounds and do not degrade under the influence of UV radiation. They relate to the
chemical compounds most resistant to UV action. Therefore, we supposed that textile dyed with vat
dyes, shall provide effective protection against UV radiation.

2. EXPERIMENTAL
2.1 Materials
Cotton bleached (untreated) textile material was used in the present work (Table 2).

Table 2: Structure characteristic of untreated fabric

Sample Type of Raw materials, Surface Thickness, Density per 100 mm
P weave % density, g/m? mm Warp Weft
Untreated Plane Cotton — 100 110 037 300 200
fabric
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The dyeing of the cotton textile fabric samples was carried out using a suspension method [9]. For
dyeing cotton fabrics were used Vat Blue, Vat Turquoise, Vat Yellow (Fig.1). The appearance of
bleached and dyed fabrics is displayed in the table.3.

Table 3: The appearance of the bleached and Vat dyed fabrics

|

Bleached (untreated) Vat Yellow dyed fabric

fabric

Vat Turquoise dyed
fabric

Vat Blue dyed fabric

2.2 Methods

UV transmission was measured with using of multichannel optical spectrometer Solar SL40-
2 (3648-pixel CCD sensor TCD1304AP; 600 bars/mm diffraction grating, 200-1000 nm
spectral range, ~ 0.3 nm spectral resolution, registration time ~ 7 ms) and software PSI-Line.
The high-pressure discharge lamp DRT-125 was used for irradiation (Fig. 2, Fig. 3).

Fig. 2. Multichannel Fig. 3. High-pressure
optical spectrometer Solar discharge lamp DRT-125
SL40-2

Ultraviolet Protection Factor (UPF) was calculated with using the UV transmission experimental datas,
[10].
According to the standard AS / NZ4399: 1996 fabrics are rated as providing an:

- “Excellent UV protection” if UPF value is 40 or greater;

- “Very good” if UPF values are between 25 —39;

- “Good” if UPF value is in the range 15 —24;

— “Non-rateable” if UPF value is 14 or smaller.

3. RESULTS
The UPF values of the untreated and dyed fabrics with vat dyes are shown in the table 4.

Table 4: UPF values of the bleached (untreated) and dyed fabrics

Sample Mean UVA Mean UVB UPF rating Classification of
Transmission Transmission textiles by UPF
Bleached (untreated) fabric 15,8 10,8 5 Non-rateable
Vat Blue dyed fabric 34 34 15-24 Very Good
Vat Turquoise dyed fabric 6,8 6,6 25-29 Good
Vat Yellow dyed fabric 6,7 6,8 15-24 Good
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The UPF value of bleached (white untreated) cotton fabric is 5, indicating the very low protection
against UV radiation. While bleached, untreated tissue exhibits high ultraviolet transmittance, fewer
ultraviolet rays penetrate stained samples on both UVA and UVB areas. The lowest gear, therefore the
highest UV protective effect recorded for fabric dyed VatBlue.

4. CONCLUSIONS

The proposed method of textiles nano-modification with using of multi-core vat dyes allows obtaining
textile materials with UPF 15 and UPF 25. In accordance with the Standard AS / NZ 4399: 1996 these
materials provide “Good” and “Very good” protection against ultraviolet radiation. Vat dyes are
widely available in the world market.

This method is simple and effective; it can be used for modifying of textiles of any different chemical
nature; insoluble dyes are formed directly in the porous structure of the textiles; it may be used the
equipment for textiles finishing.

Advantages of vat dyes using: their chemical stability; high resistance to light and to wet treatments; it
may be used the conventional technological equipment for finishing and dyeing.
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Abstract: Electromagnetic radiation may cause interference for the proper functioning of electronic
equipment and risks for human’s health. Protection against the hazards of EM radiation on various
frequencies may be achieved by flexible textile fabrics with electrical conductive properties. A novel
technology for imparting conductive properties to fabrics is utilizing magnetron sputtering of
metallic thin films. This research focuses on plasma coated fabrics with three types of metallic
layers: Nick el, Chrome and Titanium. PES woven fabrics of 88 g/m’ were coated by plasma
magnetron sputtering with these three types of metals. Coating was performed on both sides of the
fabric with a thickness of 400 nm. SEM images provedmetal deposition on the fiber surface, while
atomic absorption tests showed the content of deposited metal. Linear resistance of coated fabrics
was measured with Ohmmeter for a preliminary check of electric conductivity of the achieved
fabrics. Electromagnetic shielding effectiveness tests showed a slight increase of EMSE above the
noise level in the frequency range of 100-1000 MHz, of 2- 3 dB. The research studies will continue
to improve shielding effectiveness of plasma coated fabrics for electromagnetic shielding.

Key words: protection, interference, Polyester, nick el, chrome, titanium

1. INTRODUCTION

Various sources of electromagnetic radiation are nowadays harmful for the human beings, for the
environment and for proper functioning of electronic equipment [1]. In order to avoid
electromagnetic interference, one of the solutions is to protect against undesired radiation through
shielding [2]. Shielding materials are usually out of metallic plates, with an especially good electric
conductivity (10°-10” S/m) depending on sort of metal. However, similar shielding performances
may be achieved by electrically conductive textile fabrics. These have some advantages, such as
lightweight and flexibility, among others [3, 4]. Two main techniques were reported for imparting
electrical conductive properties to textile fabrics, namely:

- Coating with metallic layers, particles or conductive polymers;

-Inserting conductive yarns into the fabric structure by weaving, knitting or nonwoven making [5].

Advances in spinning technology for producing yarns with metallic fibres or metallic coatings made
possible the manufacturing of fabrics with insertion of these yarns, having nowadays already
multiple applications, such as: heating textiles, cut-resistant textiles, anti-static textiles and even EM
shielding textiles [6-8]. Advances in coating technology with various techniques (metallic dyes,
vacuum metallization, flame spraying etc.) were reported too [9 —10]. One of the modern techniques
of imparting nanometer scale coatings on fabrics is by magnetron plasma sputtering [11].

This paper aims to investigate plasma coated fabrics with various metallic layers, such as Nickel,
Chrome and Titanium, used to shield electromagnetic radiation. For this purpose, a 100% Polyester
fabric was coated on both sides in magnetron plasma with the three types of metals, reaching a layer
thickness of 400 nm. The content of metals on the fabric was investigated by Scanning Electron
Microscopy and Atomic Absorption. The Shielding effectiveness of the achieved fabrics was
measured with TEM cell, according to the standard ASTM ES-07.
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2. MATERIALS & METHODS

2.1 Materials

The 100% Polyester (PES) fabric was chosen to fit requirements of plasma coating: that is, a high
density in terms of yarns/centimetre and a low specific mass in terms of gram per square meter.
The physical-mechanical properties of 100% PES fabric are presented in table 1.

Table 1: Physical-mechanical properties of raw 100% PES fabric

122 SR EN ISO 2060:1997
88 SR EN 12127:2003
41 SR EN 1049-2:2000,
28 Method A, B
937
644
272 SR EN ISO 13934-1/2013
28.5
219.6 SR EN ISO 9237:1999

The 100% PES fabric was coated by magnetron plasma with sputtering targets of Nickel, Chrome
and Titanium, on both sides, with a thickness of 400 nm.

2.2 Methods

One treatment method (low pressure sputtering plasma) and three investigation methods (SEM
imaging, atomic absorption and TEM cell shielding effectiveness) were applied on the 100% PES
raw fabric.

2.2.1 Plasma tre atme nt e quipme nt & parame ters

The coating of the textile fabrics with metal layers (Nickel, Chrome, Titanium) was performed into
a dedicated spherical stainless steel vacuum chamber (K.J. Lesker), pumped down to a base
pressure down to 3x10”° mbar by an assembly of a fore and turbomolecular pumps (Pfeiffer). On a
lateral port of the chamber it is mounted a 2° magnetron sputtering gun from K.J. Lesker,
accommodating high purity targets (99.999%) of Nickel, Chrome and Titanium. Large area
uniformity was achieved by rotating the substrate holder accommodating the textiles during
the deposition process (200 rotation/min). The discharge was ignited in 50 sccm Ar (6.0)
flow, at 100 W, by using an Advanced Energy RF generator (13.56 MHz) -model CaesarR
provisioned with an automatic matching box for adapting the impedance. The deposition pressure
established during the process was 5.3 x10” mbar, while a metal coating with thickness of 400 nm
was deposited on both sides of the textile fabrics. A sketch of the experimental set-up was
provided elsewhere [12].

3. RESULTS and DISCUSSION

The adhesion of metals on the textile substrate could be evidenced by SEM images Figure 1 and atomic
absorption tests (Table 2).
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3.1 SEM Images of treated samples

Magnification 2000X Magnification 4000X Magnification 8000X

Nickel

Chrome

Titanium

Fig. 1. SEM images of coated PES fabrics with Nickel, Chrome and Titanium

SEM images were taken with three magnifications of 2000X, 4000X and 8000X, in order to reveal
both the general aspect of the coated yarns and the particularities of the coatings. Fiber widths were
in the range of 20-24 pum. The results evidenced that very smooth layers are obtained in the case of
Ti deposition, while a tendency of metallic particles formation with typical dimension in the range of 0.4-
5 um is noticed especially for Ni coatings.

3.2 Atomic absorption tests

Atomic absorption quantifies the content of metallic particles on the textile substrate. Technical
procedures however made not possible the evaluation of Titanium content but for Nickel and
Chrome coatings on the PES substrate, the results (Table 2) show 12.1 mg, respectively 0.022 mg
per kg of coated material. This represents a good uptake of metallic particlestoo.

Table 2: Atomic absorption results

Sample PES + Ni — 400 nm —both sides PES + Cr — 400 nm — both sides
Read 1 (mg/L) 2.355 0.026

Read 2 (mg/L) 2.446 0.022

Read 3 (mg/L) 2.458 0.018

Average (mg/L) in solution 2.420 0.022

Quantity of metal related to 1 kg 12.1 0.022

of material, (mg/kg) (after applying dilution factor Df) :

3.3 Electromagnetic shielding e ffec tiveness in the frequency range of 1-1000 MHz
10

i""_ Sample 2
| & Sample 4
8- | A Sample 6
iy, B
fus]
=2
w
w 4
3 A
iy
e — S N |
1 10 100 1000

Frequency (MHz)
Fig. 2. Shielding effectiveness of metal coated fabrics by magnetron sputtering
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Results of electromagnetic shielding effectiveness show values between 1-2.2 dB, especially at
higher frequencies of 500-1000 MHz. This is a relatively low shielding effectiveness, when
compared to requirements of electromagnetic shields of 20-30 dB (Figure 2). However, even if
shielding effectiveness of achieved fabrics is low, future research work may be considered, with
following improvements: using 100% PES fabrics with wider density (number of yarms per cm), in
order to permit metallic particles to penetrate the fabric and to achieve conductive threads and
applying a thicker coating on the fabrics, up to 500-600 nm.

4. CONCLUSIONS

This paper envisaged electromagnetic shielding based on plasma coated textile fabrics. Magnetron
sputtering plasma deposition was applied on a raw 100% PES fabric, with targets out of Nickel,
Chrome and Titanium. A deposition layer was achieved on both sides of the fabric, having the
thickness of 400 nm. The nanometer thickness of metallic coatings enable good flexibility of the
modified material to be used as electromagnetic shield. An uptake of 12.1 mg of Nickel and
0.022 mg of Chrome per kg of material was evidenced on the coated fabrics via atomic absorption
tests. The shielding effectiveness was measured via TEM cell in the frequency range of 1-1000
MHz. Values of 2 - 2.5 dB could be achieved only within the frequency range of 100-1000 MHz.
These values are small for EMI shielding requirements; however, the results are promising for future
research studies.
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Abstract: In this study, polypropylene fabric was modified with two types of ionic liquids such as 1- ethyl-2,3-
dimethylimidazolium ethyl sulfate (EIL) (2, 6, 10 %w/v in ethanol) and methyl-trin-butylammonium methyl
sulfate (10, 15, 20 %w/v in ethanol)at different concentrations. Before modification, the fabrics were pre-
treated with chromic acid to activate the surface. The effect of the modifications was investigated
by thermogravimetric analysis, surface resistivity measurements and scanning electron microscopy. The
pre- treatment changed surface resistivity from 100 to 107 ohm/sq. The modifications with the ionic
liquids decreased surface resistivity of the PP fabrics short and long-term periods in the range of 106 - 108
ohm/sq. Increasing the concentration of the ionic liquids can be considered as an efficient way to reduce the
surface resistivity of PP. Thermal stability of the PP altered after modification. It was observed that a
coating layer formed on surface of the fabric and in the gaps of the yarns of PP with modification. This
environmentally- friendly method can be used as an alternative way for improving conductivity of PP
fabrics generally characterized by their high surface resistivity.

Key words: Polypropylene, ionic liquid, electrical conductivity, textile

1. INTRODUCTION

Polypropylene is recognized as the most widely used petroleum based fiber in textile
industry [1]. Based on its ease of processability, low density, chemical inertness, relatively
specific strength and low cost, polypropylene is utilized for manufacturing high
consumption materials for different applications in industry. However, because of non-
polar and highly hydrophobic nature of polypropylene high surface resistivity occurs
which may resist their use of potential in some applications. Many attempts were
performed to overcome this drawback. Different types of micron and/or nano sized
additives such as graphene [2], silver [3], carbon nano-tube [4] were incorporated in
polypropylene for this purpose. Surface treatments were also applied to enhance
conductivity of polypropylene [5,6]. According to our best knowledge, there are very
limited studies investigating the improvement of electrical conductivity of the polypropylene
fabric even the other textile fabrics with ionic liquids [7-9]. For this purpose, polypropylene
(PP) fabrics were modified with two types of ionic liquids, 1-ethyl-2,3-dimethylimidazolium
ethyl sulfate (EIL) (2, 6, 10 %w/v in ethanol) and methyl-trin-butylammonium methyl sulfate
(10, 15, 20 %w/v in ethanol) at different concentrations.

2. EXPERIMENTAL

Polypropylene woven fabrics (F) were treated with two types of ionic liquids such as 1-
ethyl-2,3-dimethylimidazolium ethyl sulfate (EIL) and methyl-tri-n-butylammonium methyl
sulfate (BIL) which were purchased from Sigma-Aldrich Corp. For pre-treatment of the PP
fabrics, KoCr2O7 and H2SO4 were utilized and supplied from Merck Corp.
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In case of the pre-treatment process, PP fabrics were dipped in chromic acid solution which
consisted of K2Cr207, H2SO4, and H>O (7: 150: 12 wt %) for 5 min at 35°C and then rinsed
with distilled water several times and finally dried. for the modifications, For the ionic liquid
treatments, EIL was dissolved in ethanol in 2, 6, and 10 w/v% concentrations and BIL was
dissolved in ethanol in 10, 15, 20 wt%/v concentrations by continuously stirring via magnetic
stirrer until totally dissolved. the fabrics were modified with these solutions for 5 min
at ambient temperature and after removing the excessive solution from the fabric samples,
PP fabrics were dried at room temperature. The efficiency of the modifications was assessed
by surface resistivity measurements, thermal gravimetric analysis (TGA) and scanning
electron microscopy (SEM).

Surface resistivity tests of the unmodified and modified PP fabrics were performed in
accordance with ASTM D 257-9 using 6517B/E Keithley Electrometer/High Resistance
Meter.

Thermal stability of PP fibers was determined by thermogravimetric analysis (TGA). TGA
was carried out by Perkin Elmer STA 8000 TG/DTA by heating from room temperature to
700 °C by a heating rate of 10 °C/min under N> atmosphere to avoid oxidation effects.
Surface morphology of the unmodified and modified PP fabrics are investigated by JEOL-
JIM 6060 model scanning electron microscopy (SEM) operated at 5 kV. The surfaces of the
fabrics were coated with Au-Pd by sputter coating prior to scanning to avoid electron beam
charging effects during examination

3. RESULTS AND DISCUSSION

TGA analysis

Figure 1 shows TGA graphs of the unmodified and modified PP fabrics. Thermal degradation
of the F was determined by thermogravimetric analysis. The first degradation is due to the
dehydration of polypropylene. The pre-treatment increased moisture content of
polypropylene from 0.69% to 0.93%. This may be possibly due to the introduction of
oxygen based groups after chromic acid treatment. Both of the ionic liquid modifications
decreased this value.

The pre-treatment increased maximum degradation temperature of the fabric (from 449°C to
458°C). The pre-treatment performed in this study is a type of etching process can be regarded
as an oxidative scission of the polymer backbone, producing soluble low molecular weight
fractions.

After ionic liquid modifications, the polypropylene fabrics presented two maximum
degradation temperatures. EIL modified samples presented resembling maximum degradation
temperatures with MF. This may be due to the application of low concentrations of EIL.
In case of BIL modified fabrics, maximum degradation temperatures decreased with
increasing concentrations. This may be due to that the ionic liquids having ammonium
counterpart, the thermal stability was found to be lower in comparison with the other ionic
liquids.
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Fig.1. TGA graphs of the unmodified and modified PP fabrics

The efficiency of the ionic liquid treatments was determined by surface
resistivity measurements. The surface resistivity of the polypropylene increased from
10'°to 10'3 ohm/sq. EIL application decreased the data to 10°, 107 and 10° ohm/sq for FE2,
FE6 and FE6, respectively. In case of BIL application, FB10 and FB15 presented 10’
and 10° ohm/sq resistivity data, respectively. For FB20 coded fabric, the resistivity data
is non-available because it became too low (lower than 10° ohm/sq) for the Keithley
Electrometer/High Resistance Meter to measure. Therefore, it may be possible to reveal that
FB20 sample can be classified as conductive having resistivity data in the range of 10'-
10° ohm/sq [11]. The surface resistivity of the polypropylene fabrics were tested for two
weeks intervals during two months. It is noticed that ionic liquid modified fabrics still
exhibit lower surface resistivity values in comparison with the unmodified PP. This is due
to the high electrical conductivity performance of the ionic liquids [12,13]. The
modified fabrics can still exhibit static dissipative property having surface resistivity
between 10°-10'? ohm/sq because of their air stability [11,14].

SEM observations

Figure 2 presents SEM images of the F fabrics at x1000 magnification. SEM micrographs show
that polypropylene fibers have smooth surface structure. However, it is observable that
polypropylene fibers were possibly damaged by pre-treatment. The chromic acid modification
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increases surface roughness by exposing the underlying fibrillar structure [10]. After ionic
liquid modifications, there becomes a coating layer observable both on the surface and in the
gaps of the yarns.

(e}

A B
Fig.2. SEM images of the PP fabrics under x1000 magnification
A:a b, c d e F, MF, FB10, FB15 FB20
B:a, b, c d e: F, MF, FE2, FE6, FEI10

4. CONCLUSION

In this study, polypropylene fabrics were treated with chromic acid and post-modified with
BIL and EIL ionic liquids in order to decrease surface resistivity. Chromic acid enhanced
thermal stability of PP but damaged the surface of the fiber optically. The main output of this
research is both of the ionic liquids decreased surface resistivity of the PP for short and long-
time intervals. Moreover, the increasing concentration was noticed to affect positively
electrical conductivity. In some cases, the data was measured to be lower than 10° ohm/sq.
this work may suggest an alternative finishing treatment for fabrics for improvement of
conductivity performance.
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Abstract: In this study, the cotton-polyester blend fabric was treated by atmospheric pressure DBD
plasma (APDBD plasma). Ten different experimental conditions were performed with the change in
plasma power and the fabric movement speed. The central composite designs type face centered (CCF) was
used to design experiments. The wicking height of un-treated and treated sample were determined. The
Design Expert V 10.0.8 sofiware was used to evaluate the relationships between the two variables
(plasma power and movement speed of the fabric) and the wicking height of treated fabrics. Two
response models between two variables and the wick height in the warp and weft directions of the
treated fabric were found. The fiber surface of un-treated and treated sample was also observed by using
SEM. The results show that the APDBD plasma treatment for cotton-polyester blend fabric could improve
its wicking height, this improvement may depend on the plasma power and fabric movement speed
(exposure time).

Key words: wick height, fiber surface, SEM, plasma power, CCF

1. INTRODUCTION

Plasma contains the mixture of reactive species (free radicals, electrons and heavy particles) which
make it a unique and diverse media for surface modification without altering bulk properties [1, 2].
For textile materials, plasma treatment processes do not leave any residual chemicals, do not
consume water. It is a clean and eco-friendly process in comparison to the traditional chemical
treatment processes (wet processing) [2]. Generally, plasma can bring out two types of interactions
with the surface of textile materials: The first type includes chain scission on the surface and the
second type is plasma induced polymerization or grafting [1]. The second one can replace the curing
step to polymerize monomers often with undesirable effects on the mechanical properties of fabrics
[3, 4, 5]. The atmospheric pressure plasma (APP) seem to be quite suitable for the textile industry
[1]. One of the typical plasma discharges operating at atmospheric pressure is the dielectric barrier
discharge (DBD). The main characteristic of DBD device is the presence of a dielectric layer within
the discharge gap insulating at least one of the electrodes. This presence characterizes DBD over
other types of plasma. Plasma in DBD is cold because of the presence of dielectric layer which
limits the ohmic (heating) current in the circuit while the displacement current doesn’t have any
heating effects [6]. However, DBD is not completely uniform and has short duration. It has been
used to modify the surface of textile materials by many researchers [1, 6, 7, 8].

In this study, APDBD plasma has been used to modify surface of cotton-polyester blend fabric.
According to Kiran [1], surface modification of textiles using plasma-activation is dependent on
various parameters: discharge power, exposure time, nature of gas used and the nature of substrate.
In our study, the wicking height and surface image of the plasma treated fabric were studied in
function of the plasma discharge power and the movement speed of fabric (exposure time). The
purpose of the study is to observe the simultaneous effects of plasma power and movement speed of
fabric on the wicking height. The SEM images of the treated fibers allows to interpret the change in
fabric properties due to the plasma treatment.

2. MATERIALS AND METHODS

Fabric: The polyester cotton blend fabric (30% PET/70% cotton), desized, scoured, bleached and
mercerized, supplied by NASILKMEX-Viet Nam. In which, the warp yarn: 35% cotton/65% PET;
the weft yarn: 100% cotton. Their technical characteristics are showed in Table 1.
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Atmospheric pressure DBD plasma treatment

Plasma reactor: DBD plasma reactor with the width of 50cm developed by School of
EngineeringPhysics (SEP) of HUST was used for the plasma treatment (Fig. 1). The fabric
samples of 35cm width were passed continuously between top and bottom electrodes.

Table 1: Technical characteristics of the fabric

Linear density of yarn (tex) Fabric density (yarn/10 cm) Surface mass of
Construction fabric (g/m?)
warp weft warp weft e (g
Twill weaves 2/2 16.66 x 2 25.64 280 420 223

Table. 2: Designed experiments using CCF

Exper. N°| A B | Xi(w) X2
(m/min)

1 -1 -1 200 0.4
2 +1 +1 600 2.0
3 0 +1 400 2.0
4 0 0 400 1.2
5 0 0 400 1.2
6 +1 -1 600 0.4
7 0 -1 400 0.4
8 -1 0 200 1.2
9 +1 0 600 1.2

Fig. 1. DBD plasma reactor

Plasma treatment: In this work, the discharge gap between two electrodes: 3mm. The plasma
discharge power: from 200 to 600W and the speed of fabric: 0.4 to 2m/min. The plasma treatment
for fabric has been carried out with ten different experiments, determined according to the central
composite designs type face centered (CCF). The details of these experiments are presented in Table
2, where, X; and X are absolute values of discharge power and speed of fabric, i.e., un-coded values
of the factors. A (B) are the coded variables. According to the CFF, the factors are tested at 3 levels
minimum, middle and maximum, equivalent to levels — 1, 0 and +1. The absolute values X
corresponding the respective coded values can be obtained by a simple linear transformation of the
original measurement scale, namely [9]: X = AX * coded value + X D
Where: Xo = (Xmin+Xmax)/2, AX = (Xmax-Xmin)/2, A (B) = (Xi - Xo)/ AX @)
The total number of the trials N based on the number of the design factors k (number of factors
studied in the experiment). N = 2k + 2k + n. [9], where 2* factorial trials, 2k axial trials and n. center
point trials (n. = k). In this study, k=2 so N=10

2.3. Assessment of fabric’s properties

The un-treated and treated samples were stored in the standard laboratory conditions for 24 hours;
and were measured:

The wicking capacity: according to TCVN 5073 — 90: fabric sample size 250mmx>50mm (3 strips in
the warp direction and 3 in weft direction). The strip was hung vertically and its lower end was
dipped into colored distilled water of 10 mm. The height of rise of the liquid at the center of the strip
above the water level was measured as a function of time every 5 mins until 30 mins. The final
result is the average value of 3 samples.

Fiber surface observation: Surface of the fibers was observed by using SEM HITACHI TM4000Plus
at SEP of HUST at condition: U= 15kv, X (magnification) =4000

Processing experimental data: The influence of the variables on the experimental results were
adjusted using equation. Y = b +2biXi +XbijXiXj +XciXi2 (3). The Design Expert V 10.0.8 (US,
Stat-Ease Inc.) software was used to evaluate these relationships.

3. RESULTS AND DISCUSSION
The experimental results according to the CCF design are showed in the Tab. 3.
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Model determination: From the results, Y1, Y2, R1 R2 were output by the Design Expert V 10.0.8.

They are the equations of the response models between the wick height in the warp and weft of the
treated samples and plasma parameters, Y1, Y2: in un-coded variables, R1, R2: in coded variables.

The models and their statistical parameters are shown in Tab. 4

Table 3: Experimental results

X1 X2 Y1 Y: | Model fitting and analysis of variance (ANOVA):
Plasm | Speed Warp Welf | Table 4 shows the coefficients of determination
a of wick. wick. [(R?) of Y1 and Y2 are higher than 0.5.
power | fabric height height | Furthermore, their p-values are less than 0.05 that
(W) |(m/min) (cm) (em) | means these models are highly significant. Besides,
Control j j 16.3 12.6 |inthe Tab. 5, the calculated p-values for lack-of-fit
31 200 04 74 37 | are greater than 0.05 for Y1 and Y2. Therefore,
) 500 50 175 138 | there is no statistically significant evidence that
33 200 50 172 135 | these models do not represent the data at a 95%
S4 400 | 12 17.7 13.6 | confidence level.
S5 400 12 17.4 13.8 | Statistical significance of the terms of the models:
S6 600 04 18.6 15.3 | Tab. 5 shows all the p-values of the terms of Y1
S7 400 0.4 17.4 142 |and Y2 are less than 0.05, which means the
S8 200 1.2 17.2 13.3 | coefficients of the terms in these models are
S9 600 1.2 17.5 14.0 | significant. As such, all terms of these are accepted.
S10 200 2.0 16.9 13.2 | They are significant for the furtheranalyses.
Table 4: Model fitting between the wick height and plasma parameters
Model R’ Adj R? | F-value| P- value Response equation in un-coded and coded variable
Y1 0.7021 0.6170 8.25 0.0144 | Y1 =17.23 + 0.00175X; — 0.375X, EEEE (1)
R1=17.48 +0.35A -0.30B
Y2 0.8218 0.7709 16.14 0.0024 | "Y2"=13.54833+0.00242X,-0.5625X, Eq (2)
R2=13.84 + 0.48A - 0.45B
Table 5: Analysis of variance (ANOVA) of the models
Model Y1 Model Y2
Source Xi X2 Lack of Fit X1 X2 Lack of Fit
F-value 9.51 6.99 1.84 17.29 14.99 4.56
p-Value Probe > F 0.0177 0.0333 0,5115 0.0042 0.0061 0.3439

Effect of atmospherlc pressure DBD plasma on wicking height of polyester-cotton blend fabric

Height of water column (warp) (Cm)

12 o
B: Speed (Mp) °%

Fig. 2. Surface response curve related to the wicking

a,

%0 Power (w)
o0

lumn (Weft) (Cm)

height: a) in warp direction; b) in weft direction

Effect on wicking height: From Y1, Y2: the
surface response curves related to the wicking
height in warp and weft in function of the actual
variables are showed in Fig 2. The R1, R2 and
Fig. 2 shows the higher the plasma power and the
lower the speed of fabric are, the higher the
wicking height of the treated samples is. So, the

plasma treatment imparts hydrophilic property to

other publications [1,8,10].

fabric. This trend has also been observed in

Effect on fiber surface: Fig. 4 shows polyester fibers of untreated samples have a smooth surface.
At 600W-0.4 m/min, there is a rough appearance along the fiber length; at 600W-2 m/min: the
rough points, but only individual points along the length of the fiber; at 200W-2 m/ min: there are
also the blisters, but smaller and appear sparser than the sample treated at 600w-2m/ min; and at
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200W-0.4 m/ min: small nodules but tend to be arranged in  streaks.
Figure 5 shows the cotton fiber surface of the untreated sample, there are fibril layers in a
spiral pattern, but the surface is quite smooth. The treated fiber surfaces have the same behaviors
as the treated polyester fiber surfaces.

Therefore, in general, on the treated fiber surface, there are damages compared to the untreated
fibers. The degree of damage depends on plasma power and fabric speed. However, it is possible
that this surface damage is one of the factors that help improve the hydrophilicity of fabric treated in
plasma environment.

“ T n—treated R 0.4 m 600w-2.0 m/min 200w-2.0 m/min .4 m/min

S wh s

Cotton un-treated

- TV 5 e DO W

600w—2.0h1/mn “ w.() m/min 200w-0.4 m/min .

Fig. 4. Cotton fiber surface image of untreated and treated sample at different conditions

4. CONCLUSIONS

Within the scope of this study, the APDBD plasma treatment for polyester could improve the
wicking height. This improvement may depend on the plasma power and fabric movement speed
(exposure time). There is a modification on the fiber surface of treated fabric, which also varies
according to the plasma parameters studied. It may be one of the factors that improve the
hydrophilicity of fabric treated with plasma.
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Abstract: GO is easily dispersed in solvents, dielectric property, transparency, electronic features can
be adjusted due to the superior mechanical properties and areas of use are expanding day by day. In
this study, graphene oxide was obtained from graphite by using modified Hummers method and then
applied to polyester fabric surface according to multilayer coating method. Contrary to the traditional
Hummers method in the literature, this study was carried out without the use of NaNQ:s in order to be
environmentally friendly. Based on the Layer-by-Layer coating method, GO based nano films have
been applied to the polyester fabric surface. After obtaining the GO based nanocomposite polyester
fabrics, it was treated with Na:S:04 and NaBH. in order to obtain RGO structure and GO reduction
was achieved. A thin coating layer was observed in SEM analysis of the reduced graphene oxide
(RGO) and GO coated fabrics. In the EDS analysis, increase in the amount of C and the decrease in
the amount of O were determined after the reduction process. The most striking feature of graphene
oxide was applied to all fabrics with a 4-probe measuring device and the best result was observed in
the polyester fabric which was coated with Na:S:04 in 10 layer 5 minutes with Layer-by-Layer coating
method with 1.47 x 107 S/cm?.

Keywords: Graphene oxide, multilayer coating, polyester fabric, nanocomposite, nanofilm

1. INTRODUCTION

Graphene is the name given to a flat monolayer of carbon atoms tightly packed into a two-dimensional
(2D) honeycomb lattice and is a basic building block for graphitic materials of all other
dimensionalities [1]. Especially in textile researches we witnessed that graphene's
multifunctional properties, such as conductivity, supercapacitor, photocatalytic activity,
hydrophobicity and antibacterial effect have been used to modify cotton, acrylic, and
polyester textile materials[2]. Graphene is more suitable for E-textiles because it can be conducting
and semiconducting and applied as a dye to make electrically conducting textiles|[3].

The layer-by-layer (LbL) adsorption technique offers an easy and inexpensive process for
multilayer formation and allows a variety of materials to be incorporated within the film
structures. Therefore, the LbL assembly method can be regarded as a versatile bottom-up
nanofabrication technique[4].

In this study, graphene oxide was produced according to modified Hummer method and then applied
to polyester fabric surface according to LbL technique. Firstly, the reduction processes coated with
polyester fabric graphene oxide were made by selecting certain reducing agents on the surface of the
fabrics. Many reducing agents with generally low cost have been developed by a simple method to
reduce GO; but, the reduction mechanism by chemical reducing agents has been unclear and the
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electrical conductivity of the graphene film is very different. Therefore, it is necessary to develop
a more effective chemical reduction method to produce graphene-based materials with high
electrical conductivity. Na,S,0, and NaBH, have been used as successful reducing agents in many
studies and it has been observed that multifunctional properties are gained on the fabric surface. In
this study, it is tried to gain electrical conductivity which is the most important feature on the fabric
surface.

2. EXPERIMENTAL

GO was obtained from natural graphite, using a modified Hummers method[4]. Contrary to the
traditional Hummers method in the literature, this study was carried out without the use of NaNOs in
order to be environmentally friendly.

Firstly, 50 ml of Sulfuric acid (H.SO4) was mixed in an ice bath. Next, 2 g of graphite was added
when the mixture temperature was 273,15 K. After the addition of graphite, 2 hours of
controlled stirring was carried out. Then, 2g KMnO. was added to the mixture. After stirring for 2,5
hours, the mixture was taken in a water bath and stirred at 313,15 K for 2hours.

90 ml of deionized water was added to the solidified suspension.The suspension was stirred at 313.15
K for 3 hours. Next, approximately 200 mL of deionized water was added to the suspension, the
temperature was increased to 363 + 3 K, and the suspension was further mixed for about 30 min.

At the end of the process, the suspension temperature was reduced to 131,15 K. 2-6 ml of
hydrogen peroxide (H.O.) were added and stirring was carried out for 2 hours at an
instant temperature. The color of the suspension changed from brown to golden yellow. Finally,
suspension was filtered. The suspension was passed through filtration paper and washed with 6 ml
Hydrochloric acid (HCI).The filtered suspension was carefully washed with a large amount of
deionized water.

Production Of Graphene Oxide From Graphite Oxide: 1 g of graphite oxide was stirred with 350 ml of
deionized water in the magnetic stirrer for 3 hours. Ultrasonic drying was performed for 2 hours.
Followed by centrifugation at 1000 rpm.

Polyester fabric surfaces were pretreated before GO coating with 0,1 g Polyethylenimine (PEI) at
pH: 10. Polyester fabrics were coated with a simple LbL. coating method. As a first step, the fabrics
were coated with 10 and 5 minute coating times. 500 ml of deionized water and 0.5 g of GO (pH:5)
were stirred in the ultrasonic stirrer for 3 hours. Poly(diallyldimethylammonium chloride)
(PDDA) was selected and used as an polyelectrolyte for the anionic polyester fabric surface. 500 ml of
deionized water and 1.5 g of PDDA were mixed. The polyester fabric was treated with PDDA
and then coated with GO.

The GO-coated samples were immersed in 100 ml aqueous solution of 25 mM reducing agents of
Na,S;0.. The mixture was kept at 95°C for 60 min under constant stirring. The resulting fabric was
washed with a large amount of water several times to remove the excessive reducing agents. At the
end, the samples were dried at 90 °C for 30 min[3]. Reducing process with NaBH4was applied for 60
min at 60° C for polyester fabrics. Prior to the reduction, 0,5 M NaBH4 and 200 ml of dionized water
were mixed and then the temperature was increased to 60 °C. After reduction, the fabric was washed
with a large amount of water and dried in an oven at 90 ° C for 30 min.

The scanning electron microscope (SEM) images of the polyester fabric before and after the GO
deposition and GO reduction were acquired on a FEI QUANTA FEG 250(Suleyman Demirel
University, YETEM). Element (EDS (EDAX)) analysis has been made in addition to the
surface morphology of the fabrics. With the FTIR spectrophotometer, the spectrum is recorded
against % transmittance or absorbance in the middle infrared region (4000-400 cm™). The analysis of
fabrics is carried out by ATR technique.
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Electrical surface resistivity of the fabrics was measured using a standard four-probe method and
calculated by the following equation: R= Surface Resistance (2), S= Fixed value (0.1), V= Potential
Applied To Fabric (Volt), I= Applied Current (A) and c=Conductivity(S/cm)

vV
R=2X mxSx_
: (1)

c=1/R

3. CONCLUSIONS

Electroconductive polyester fabrics were successfully prepared using graphene oxide. GO
nanosheets were deposited on the cotton fibers via LbL method followed by chemical reduction which
caused their conversion into conductive graphene. Color of the fabric changed from white to brown as
a results of coating with the GO. After the reduction process, the color of the fabrics turned black. In
SEM analysis (Figure 1), it was observed that thin film layer was formed on the surface of polyester
fabrics and LBL coating method was successful.

Coating GO coated Reduced with NaBH4 Reduced with Na>S;04

10 layers
and 5
minutes

10 layers
and 10
minutes

Fig. 1. SEM micrograph of a typical GO nanosheet coated polyester fabrics
It was observed that after the reduction process the coating times were not significant in terms of
conductivity increase as shown in Table 1. The best conductivity value was observed with a good
reducing agent Na,S,0s,.

Table 1: Surface Resistance Of Polyester Fabrics After Reduction

Sample Surface resistance (MQ cm™) Electrical Conductivity(S/cm)
NaBH4~GO-PES (10 layers 10 7.42 1.44x1073
minutes)
NazS204-GO-PES (10 layers 10 2.84 1.46x1073
minutes)
NaBHs~GO-PES (10 layers 5 1.51 1.46x1073
minutes)
Na»S,04~GO-PES (10 layers 5 2.37 1.47x1073
minutes)

FTIR spectroscopy showed the diminution of the bands attributed to oxidized groups after reducing
GO to RGO. The reduction of oxygen below a certain level is not really feasible because it is difficult
to remove remaining hydroxyl groups [6-7]. When RGO were deposited on PES fabrics, no substantial
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variation was observed in the original spectra of PES; only a slight decrease of the different bands of
PES was observed.
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Fig.2. FTIR-ATR spectra of GO and RGO coated fabric.
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Abstract: Ring spinning is one of the oldest and most widely used spinning technology. Recently, many
alternative spinning technologies have been introduced. Some of these technologies work on completely different
working principle while some of them were developed from conventional system with some modifications. Siro-
spun technology which two strands are fed into drafting zone simultaneously is one of the systems that developed
from conventional ring spinning. This study focuses on development of three-roving yarn production system that
was inspired from siro-spun technology. Roving funnel and delivery cylinder used in siro-spun technology were
redesigned for three-roving yarn production and attached on conventional system. Three-roving yarns produced
in ring spinning machine were compared with three plied yarns in terms of physical, mechanical and structural
properties. For better assessment of this new system, different raw material types were used in yarn production.
Results showed that three-roving yarns have better hairiness values and similar mechanical properties for all
raw material types. However, unevenness still needs to be improved by further developments on this new system.

Key words: three-roving yarn, multi-strand yarn, siro-spun yarn, twist spinning, delivery cylinder

1. INTRODUCTION

In recent years, the needs for yarns in different properties or for more efficient production
processes, many alternative spinning technologies have been  introduced.  Twist
spinning, mostly known siro-spun spinning, is one of those technologies that
improved from conventional ring spinning. The working principle of twist spinning relies on
simultaneously feeding two strands in the drafting zone and produce two-strand yarn in a single
process. While two strands are spun for single yarn production, two small and one large spinning
triangle occurs. Emmanuel and Plate [1] stated that stress on single yarn during siro-spun
production process related with the two-strand angle and increasing strand angle results greater
tension on single yarn. Miao et al. [2] were also investigated the effect of spinning triangle on
yarn properties and they concluded that strand length between front cylinder and yarn
convergence point is also important for twist on each strand. Tyagi et al. [3] stated that fibers get
well oriented in yarn structure with the increasing strand space and by this way, more even yarn
structures are obtained. However, after optimum level, greater strand space negatively affects
yarn properties. Gokarneshan et al. [4] investigated the relation between strand space and inter
fiber cohesion and increasing strand space after optimum level cause poor fiber cohesion.
Many researchers compared the properties of siro-spun and other yarn types. Kaushik and
Bahtnagar [5] were produced siro-spun yarns with different strand spaces and compared with two-
plied yarns. Yildiz and Kilic [6] also compared siro-spun and two-plied yarns and they concluded that
siro-spun yarns have better hairiness, mechanical properties and similar unevenness values than two-
plied yarns. Ortlek et al. [7] compared conventional, compact and siro-spun yarns with the strand
space 8 mm. It was concluded that siro-spun yarns have better hairiness values than other two yarn
types and higher breaking elongation than compact yarns. Soltani and Johari [8] compared siro-spun
yarns with solo-spun and conventional yarns. They concluded that increasing tension in the spinning
triangle results better fiber distribution in yarn structure. Su et al. [9] compared siro-
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spun and compact-siro-spun yarns and they concluded that compact-siro-spun yarns are in tighter
structure. Recently, multi-strand yarn structure has been investigated by researchers. He [10] claimed
that three-strand yarn can be used for technical textile in the future and different spinning geometry can
occurs during yarn production. Demir and Kilic [11] were investigated production possibilities of three-
strand yarns. Su et al. [12], investigated yarn formation point for three-strand yarn production and
claimed that tension on each strand is related with the flow movement of each strand. Matsumoto et al.
[13] produced three-strand yarns and they claimed that fiber distribution in yarn structure varies based
on the geometry of spinning triangle. Matsumoto et al. [14] also studied fiber distribution in yarn for
different fiber fineness. In the other study of Matsumoto et al. [15] fiber length is taken into
consideration with fiber fineness to investigate fiber distribution for three-strand yarns.

This study focuses on development of three-roving yarn production system that was inspired from siro-
spun technology [16]. Roving funnel and delivery cylinder used in siro-spun technology were
redesigned for three-roving yarn production and attached on conventional system. Three-roving yarns
produced in ring spinning machine were compared with three plied yarns in terms of physical,
mechanical and structural properties.

2. MATERIALS AND METHODS

2.1 Material

In the study, Ne 60/3 three-strand yarns with and without three-grooved delivery cylinder were produced
with a.=3.4 twist multiplier. For comparison of the results, Ne 60/3 conventional three-plied yarns with
0.=3.4 twist multiplier were also produced. For all types of yarn production, 100% cotton, 100% PES,
100% Tencel, 100% micro Modal fibers were used as raw material.

2.2 Method

In this study, two types of three-strand yarns were produced and compared with the three-plied
yarns (TPY) that produced with same yarn structural parameters. For the first type of three-strand
yarn (TSY), three-strand funnel is placed on conventional system (Figure 1). Secondly, in addition
to three-strand funnel, three-grooved delivery cylinder (TSYWDC) was also placed before main
drafting area in order to investigate controlled strand space effects on yarn properties
(Figure 2).

All yarn properties were measured with USTER Tester 5 S800, Uster Tensorapid 4 and Lawson
Hemphill CTT. Results of yarns were compared at 95% confidence level.

Fig. 1. Three-strandyarn (TSY) production Fig. 2. Three-strandyarnwith delivery cylinder (TSYWDC) production

3. RESULTS AND DISCUSSION

3.1 Hairiness

Error bar graphs for hairiness values of TPY, TSY and TSYWDC at 95% confidence level is given
in Figure 3. Results showed that TPY have higher H and sh values than TSY and TSYWDC.
This situation can be explained by less production process for TSY production as similar as siro-
spun and two plied yarn comparison. Moreover, it can also seen that three-grooved delivery
cylinder has positive impact for reduction of hairiness values.
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Fig. 3. Error bar graphs for H and sh values of TPY, TSY and TSYWDC yarns

3.2 Mechanical Properties

Error bar graphs for breaking force (cN) and breaking elongation (%) values of three types of
yarns are given in Figure 4. ANOVA results for breaking force show that, there is no
statistically significant difference between three-plied and both three-strand yarns. Breaking
force is related with the number of fibers in cross-section and twist coefficient. As the all yarn types
were produced at same count and same twist level, it was expected to see similarresults.
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Fig. 4. Error bar graphs for breaking force and breaking elongation of TPY, TSY and TSYWDC yarns
3.3 Unevenness

Investigating the unevenness results show that, TSY and TSYWDC have higher unevenness (%
CVm) and optical unevenness (%CV2D) values than TPY. During yarn production of three-strand
yarns, spinning triangle is not stationary (Figure 5-6). When the geometry of spinning
triangle changes, length of each strand as well as tenacity and twist on each strand changes. For
the future studies, controlling spinning triangle is expected to improve unevenness values of three-
strand yarns.

Fig 5. Changes the geometry of spinning triangle during production for TSY and TSYWDC (S: uncontrolled strand space in
TSY N: yarn formation point, L= changes on yarn formation point location)

s

Fig 6. Spinning triangle of TSY and TSYWDC
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4. CONCLUSIONS

In this study, inspired from siro-spun yarns, three-strand twist yarns were produced placing with three-
strand funnel and three-grooved delivery cylinder. Comparing results showed that both three-strand
yarns have better hairiness and similar mechanical properties than three plied yarns. Moreover,
either for TSY or TSYWDC unevenness values should be improved.
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Abstract: Denim washing is not such an old thing that is not known to us. It is done to get
proper aesthetic look of the fabric. Denim washing or somehow called as denim finishing has its
own scope in the market or industrial scale as it enhances the functional activity as
well as the make fabric aesthetically more appealing This research work focuses on the
different washing techniques of denim fabric keeping the environment as major concern with
enzyme (Lava Cell NHC bio-polish (Lava Cell NBP, enzyme and stone, resin (PULCRA
STABITEX ETR+dip and resin spray. For this purpose, the leg tubes of 22x22 inches of
denim fabric are made and prescribed recipes are applied on the fabric in an automatic tumble
TONELLO machine. After that different tests were performed to investigate change in
dimensional, pilling resistance, tensile Strength, tear Strength, absorbency and change in shade
variation after different washing. And surface morphology  of  fabric  samples  after
washing was investigate by SEM analysis.

Key words: Denim, Resin, stone wash

1. INTRODUCTION

Denim is one of the most popular fabrics that have acclaimed most popularity in the
past three decades. Denim fabric is rugged cotton twill textile, in which one weft thread
passes undertow or more warp threads or one warp threads passes under two or
more weft threads[1] .Denim washing is an aesthetic fashion finish that provides the fabric a
proper look, shape, comfort and softness in wearing. All of the fashion trends favor or any
kind of fading seams can only be achieved through garment processing [1]. Now-a-days,
denim jeans is not just used for its hard work, it spreads as the highest fashion wear even
it can also say that fashion is today incomplete without denim. Denim comes in all forms,
looks and washes to match with every dress. A number of technological factors have
contributed to making denim the fashion icon that it is today including vast improvements in
spinning, weaving, finishing etc [2]. Denim washing is also considered as the denim
finishing in  which numerous operations are performed for achieving the better handle
and high durability [3]. Denim washing has its own list of objectives, advantages and
limitations.
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According to the researchers, the denim garment washing is a most widely used finishing
technique that is necessary to apply for better appearance and to reach a maximum comfort level
because before its treatments it’s a hard fabric of containing several contaminants of spinning,
weaving and fabric making means initial processing. Hence, the denim finishing got a high
demand due to its highly fashionable trend in the market. There a number of denim washing
methods that are performed in the industrial state like enzyme wash, bleach wash, acid wash, normal
wash, stone wash, pigment dipping, pigment spray wash, stone and combined enzyme wash, bio-
polishing, and many more according to the customer’s perspective[4].
Denim washing is important in term of environmental concerns and the effects of different
washing techniques on the mechanical properties of fabric. Dr. Heba Assem EL-Dessouki an
associate professor of Home Economics Dept., from the faculty of Specific Education, Ain Shams
University, Egypt worked on the washing methods to check the mechanical properties of denim
fabric [5]. Still there is a lot of work needed to be done to avoid the loss in the mechanical
properties and keeping in view the environmental concerns.

The purpose of this work is to modify the washing techniques with respect to their
comparative washing method to give a complete analysis between the laccases enzymes and the
cellulase enzyme for the betterment of achieving the color fading, tensile strength, elongation at
break, stiffness, wrinkle recovery and provide the structural analysis through SEMimages.

2. MATERIAL AND METHODS

2.1 Material

In this research project, a number of chemicals are used for its own specific actions and most of
them are from the company Dye  Star which is named as  below:
Lava Cell NHC (Wide Temperature range stone enzymes applied at 30-60°C on pH 6-7),Lava
Cell NBP (Neutral Bio-polish enzymes applied at 30-60°C on pH 7-8), Pumice Stone,
PULCRA STABITEX ETR+ (Di-methylol-dihydroxy-ethylene urea, methylized in water a
transparent yellowish liquid at pH value 4-6), Acetic Acid, Soda Ash, Lava Wet WLA (Wetting
Agent), Sera Fix C-PB (A mid soft binder), Lava Fix FF (Fixing agent) and Lava soft EPS (a fatty
acid based paste softener. The specification of denim fabric used in this research work is given in the
table 1.

Table 1: Specification of Denim fabric

Denim Fabric Specification
Warp Count 7.9Ne
Weft Count 6.5Ne
Ends per inch 64
Picks per inch 47
Fabric Type 100% cotton fabric
Weave Structure 2/1 twill weave
GSM 379.8grams/meter?
Sample size 227X22”
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2.2. Methodology

Methodology for denim fabric

In this research, the above recipes are applied on the fabric in an automatic tumble TONELLO
machine. First of all, the water level is adjusted with respect to the load size which is of 5Kg. After
this, the chemicals like Lava Cell NHC or Lava Cell NBP is added into the machine by tank. The
stone is added into the machine from the gate. After adding the chemicals, the temperature is set up
to 45°C and the pH value is set from 6.5 to 7.5.

In the application of resin dip, the fabric is dipped into the resin bath and then a complete hydro-
extractor is done for 1mint. After this, the fabric is passed from the oven chamber for drying at
120°C and curing at 150°C for 15 mints. The same phenomenon is done in resin spray method.
After the washing, the fabric is dried at temperature 70°C for 40mints.

3. RESULTS AND DISCUSSION OF DENIM FABRIC

3.1 Enzyme wash

Lava Cell NHC is a cellulase based enzyme which is used for both the desizing and for the removal
of indigo dyes. It is seen that the tensile strength of the treated specimen is decreased as compared to
the untreated specimen in both directions. The tensile strength loss is experienced as a result of
the rubbing action of the fabric to fabric, fabric to machine and fabric to enzyme. Warp yarns are
more affected by enzyme washing due to its own weaving character of warp faced denim fabric
[11,12]. In warp direction, the strength loss in percentage is varied from one to the other like
for 0.5% concentration enzyme washed fabric loses strength 21.17%, and 1% concentration
enzyme washed fabric loses strength of 15.14% and the 1.5% concentration enzyme washed
fabric loses strength 16.10% and in weft direction, the strength loss on enzyme concentration
0.5%, 1% and 1.5% are 20.73%, 19.1% and 29.57% respectively.

Table 2: Tensile strength of Enzyme Washed Denim Fabric

Direction Warp Direction Weft Direction
Sample | Reading | Reading | Reading | Mean | Reading | Reading | Reading | Mean
No: 01 02 03 Value 01 02 03 Value
Standard |, 1210 1330 | 13143 | 955.3 1031.8 | 968.4 | 985.2
Sample
Sa‘(;‘lple 1049 1100 959 1036 | 653.7 863.6 8363 | 784.5
Sag’zp'e 1211 1036 1099 | 11153 | 7944 778.3 818.8 | 7972
Sag’;’"’ 1157 1051 1100 | 1102.6 | 620.7 769.6 6914 | 6939
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3.2 Bio-polish wash

Lava Cell NBP is a neutral based enzyme and clears the surface of the fabric by removing pills
from its surface. The chemical also acts like a desizer so it removes the size particles due to which
the hard look of the fabric is removed [11,12]. In warp direction, different concentrations of Lava
Cell NBP 0.5%, 1% and 1.5% affects the strength loss like 13.01%, 8.92% and 9.31%
respectively. It is observed that the 1g/1 used of concentration of bio-polish shows better result than
the other two as it is most probably used in the industrial area. In weft direction, at washing
concentrations of bio-polish 0.5%, 1% and 1.5%, tensile strength loss is 13.91%, 5.41% and 6.35%
respectively.

Table 3: Tensile strength of Bio-polished Denim fabric

Direction Warp Direction Weft Direction
Sample | Reading | Reading | Reading | Mean | Reading | Reading | Reading | Mean
No: 01 02 03 Value 01 02 03 Value
Standard | . 1210 1330 | 13143 | 9553 1031.8 | 9684 985.2
Sample
Sag}’le 1329 1082 1019 | 11433 | 847.1 873 8246 | 8482
Sag‘sple 1254 1136 1201 1197 865.7 977.4 952.7 931.9
Sagz’le 1333 1148 1095 1192 973.2 853.2 9414 | 922.6

3.3 Enzyme and Stone wash

It is seen in the table that there is a gradual decrease occurs in the tensile strength of the denim
fabric due to the increase in concentration of enzyme as such the effect of pumice stone. This is just
of the high rubbing action of fabric with the fabric, fabric with the machine, effect of enzymes
concentration and the rubbing action of fabric with the pumice stone. The warp wise strength is
gradually decreasing by increasing in concentration of enzyme and constant amount of the
pumice stone just like at concentrations 0.5%, 1 % and 1.5% shows the strength loss 10.37%,
14.36% and 25.45% respectively. In weft direction, the strength loss in weft directions at
concentrations 0.5%, 1% and 1.5% are 16.3%, 24.5% and 23.9% respectively.

Table 4: Tensile strength of Enzyme and Stone washed Denim Fabric

Direction Warp Direction Weft Direction
Sample | Reading | Reading | Reading | Mean | Reading | Reading | Reading | Mean
No: 01 02 03 Value 01 02 03 Value
Standard | /s 1210 1330 | 13143 | 9553 | 1031.8 | 9684 | 9852
Sample
Sample | 1274 1101 1159 1178 8397 8163 8178 | 824.6
07
Sag;;ple 1125 1099 1153 | 11256 | 7821 759 690.8 | 743.9
Sag;ple 987.9 952.4 1001 980.4 675.1 792.7 7813 | 749.7
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4. CONCLUSION

In the denim fabric, it can be easily concluded that the 1% concentration of enzymes shows
better results of tensile strength and tear strength among all the washes, while, the GSM is slightly
increased due to the occurrence of shrinkage in the fabric. It is seen that the pilling strength of
enzyme wash, bio-polish wash and stone wash is reduced. On the other hand, the pilling results of
resin dip wash and spray wash are very good. In the SEM analysis of denim fabric, a high
amount of entanglements between fibers is observed. The alignment of yarns in the fabric is
changed. A high amount of rupture and cracks is also seen in the fabric. The assets of stone and
enzymes are also present on the fiber surface. It is concluded that enzyme wash shows better
results comparatively to the bio-polish wash and stone wash. Also, the most suitable method for
the application of resin is by dipping method because there is no chance of missing of resin on the
fabric surface.
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Abstract: The study of the influence of curing conditions on the properties of the cotton fabric treated
with Pyrovatex CP New (PR) and Knittex FFRC was carried out with 10 experiments. The central composite
designs type face centered (CCF) was used to design experiments. In these experiments, the curing
temperature was varied from 160°C to 180°C and the curing time from 60-120 seconds. The chemical
uptake rate, vertical flammability characteristics, LOI value, tensile strength of the untreated and treated
samples were determined. Based on the results, 5 response models between the determined properties of the
treated fabric and two studied variables were found. From these models, the optimal curing temperature
and time were found with the highest fire resistance efficiency and minimum loss for the mechanical
properties. They are 180°C and 113.7 seconds

Key words: CCF, LOI value, chemical uptake rate, tensile strength, curing temperature, curing time

1. INTRODUCTION

Although cotton fiber is the most popular and widely used nature material in the textile industry, these
fibers are burn easily. Thus, application of flame-retardant materials on cotton cellulose has become
an important issue in the textile industry [1]. Durable flame retardant fabric should withstand a
higher number of washing cycles. One of the effective durable flame-retardant agents is
Pyrovatex CP New (PR) which is an N-methylol dimethyl phosphonopropionamide [2, 3].
PR influences the pyrolysis reaction, prevents the formation of levoglucosan and flammable
volatiles, and promotes the formation of char. It has methyl group which reacts with cellulose.
Furthermore, crosslinking agents are used to improve the durability of the finish [4]. The loss in
both tear and tensile strengths is a problem of this finish because of associated acidic catalytic
damage, especially due to the high temperature curing conditions [1], [2]. However, curing at high
temperatures is an important factor related to the flame resistance of fabric and its durability [I1,
2]. In our previous study [4], Knittex FFRC (DHEU), a non-formaldehyde crosslinking [5] was
used in associated with PR. Knittex FFRC can create ether bonding with cellulose and PR,
thus creating durable fire-retardant fabric. Therefore, it is necessary to select the optimal curing
condition, allowing the ether reaction to produce a durable flame-retardant cotton fabric and
affect the mechanical properties of the fabric as little as possible. In this study,
in flame retardant finish for cotton fabric with PR and DHEU, the flame-retardant
characteristics, tensile strength of the un-treated and treated fabric were measured as the
functions of the temperature and time of curing step. The purpose of the study is to predict the
optimal curing conditions with the highest fire resistance efficiency and minimum loss for mechanical
properties. The novelty of this study is application of the CCF design with RSM to get the optimal
temperature and time of curing step in flame-retardant finishing for cotton fabric with PR and DHEU

2. EXPERIMENTAL

2.1. Material

Fabric: 100% cotton, 2/1 twill weaves, 17.24 x 35.71 (Tex)/142 x 58 (per inch), weight 190g/m’,
desized, scoured, bleached and mercerized, supplied by Hanoi Dyeing Joint Stock Company.
Chemichals: Pyrovatex CP New (PR), Knittex FFRC (K), Invadine PBN were supplied by Huntsman.
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2.2. Method

Flame retardant treatment for cotton fabric

One bath pad-dry-cure method was used to the flame-retardant finishing. Machine: padder SDL
D394A, stenter SDL D398.

The flame-retardant finish for fabric has been carried out with ten different experiments. In which:
finishing solutions: 450 g/l PR, 108 g/l K, 5 g/l Invadine PBN, wet pick up: 80%, drying: 110°C for 5
minutes, curing temperature and curing time were varied according to the central composite designs
type face centered (CCF). The details of these experiments are presented in Table 1,

where, X1 and X2 are absolute values of temperature and time  Table 1: CCF Design of experiments

of curing, i.e., un-coded values. A (B) are the coded variables.| Exp A B Xi | Xe
According to the CFF, the factors are tested at 3 levels,| N°
equivalent to levels — 1, 0 and +1. The absolute values X and Tl -1 -1 160 120

the respective coded values can be obtained by a linear T2 +1 +1 170 60
transformation of the original measurement scale, namely [6]: 13 0 *l 170 | 120
X = Ax * coded value + X, (1) , where: Xy = (Xmin+Xmax)/2, ?5‘ g g 138 gg
AX = (Xmax-Xmin)2, A (B)=(Xi-X,)/ AX 2

. + B
The total number of the trials N based on the number of the ig 01 i igg 162%
design factors k (number of factors studied in the experiment). TR I 0 130 90

N = 2k + 2k + nc [6], where 2k factorial trials, 2k axial trials [ 1 0 170 90
and nc center point trials (nc = k). In this study, k=2 so N=10 T10 7 | 160 90

Treated samples washing

To determine the flame- retardant durability of the treated fabric, it was washed in accordance
with ISO-6330 standard clause 6A with non-phosphate ECE reference detergent A. The Electrolux
EW 1290W front load washing machine was used.

2.3. Assessment of he tre ate d fabric’s properties
Real uptake of recipe chemicals: add-on % on fabric =100 (W-W,)/Wr (Eq. 3)

In Eq. (3), Wrand Wyare the standard condition weights of the treated and un-treated samples. The
test repeated five times for each experiment. The final results is an average of the 5 tests Flammability
test: the untreated and finished fabrics were tested according to the ASTM D 6413 — 2015 (for
vertical flammability characteristics), and to the D 2863-97 standard method (for LOI values)
was used for evaluating the flammability of the wuntreated and finished  fabrics.
Tensile strength test was according to the ISO 13934-1:2013 standard method.

3. RESULTS

The experimental results according to the CCF design are presented in the Table 2.
Mode 1 dete rmination: From the experimental results, the response equations in un-coded variable
(Y1,Y2,Y3,Y4,Y5) and in coded variables (R1, R2, R3, R4, R5) were output by the Design ExpertV
10.0.8. They are the anticipated responses for the add-on (%), LOI value, char length, warp tensile
strength, weft tensile strength respectively. These equations and their statistical parameters are shown
in Tab.3. The shorted ANOVA related to the Y1, Y2, Y3, Y4, Y5 models are given in Tab. 4. Model
fitting and analysis of variance (ANOVA): Table 3 shows that the coefficients of
determination (R”) of all five responses are higher than 80%. In addition, their p-values are less than
0.05 in five responses indicating. Tab. 4 shows that, all the p-values of the terms of Y1,Y2, Y3, Y4 and
Y5 are less than 0.05, except the p-value of X,”in Y1 and of X, X in Y3 are higher than 0.05, but they
are less than 0.1, so, according to the principle of significance of [6], they can be accepted.
Besides, the calculated p-values for lack-of-fit of all models (Tab.4) are greater than 0.05.
Therefore, all five models are statistically significant and there is no statistically significant evidence
that these models do not represent the data at a 95% confidence level.
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Effect of curing conditions on the prope rties of the finishe d fabric

Effect on combustion behavior: Tab. 3 and Fig. 1, 2 show there is a clear difference in combustion

behavior of samples treated at different curing conditions, as follows:
Effect on the real uptake: the higher the curing temperature and time are, the higher the add-on on the

samples is. However, the add-on increases more slowly when the temperature and time are high.

Table 2: The CCF experimental design and results

Run Yi Y: Characteristics of vertical flammability test Tensile strength
add-on | LOI N)
% % After-flame times (s) After-glow times (s) Char Length (mm) Warp Weft
0 10 30 0 10 30 0 10 30
OWC | OWC| OWC | OWC| OW( OWC | OWC | OWC|OWC
Comple
Control - 149 | 23 44 - tely - - 899.3 532.8
- - burned
T1 10.12 19.3 |20+3 |20+2 - 0 0 - 3000 |300+0( - 736.9 448.7
T2 11.2 19.7 {163 |19+ 1 - 0 0 - 300+0 |300+0| - 722.9 455.5
T3 1322 | 259 0 0 0 0 0 0 4843 | 4943 | 53£5 712.5 447.8
T4 11.79 | 21.5 | 18+3 [18+4 - 0 0 - 300+0 |300+0| - 711.5 453.9
T5 12.63 | 20.2 |13+7 | 8+4 - 0 0 - 188+20 [ 184425 - 700.3 450.5
T6 8.15 17.5 |19+3 |20+2 - 0 0 - 3000 |300+0( - 739.9 458.0
T7 15.67 | 25.1 0 0 0 0 0 0 4845 | 4343 | 48+7 607.2 440.7
T8 14.83 | 24.6 0 0 0 0 0 0 58+17 | 49+£7 | 50+4 652.3 447.8
T9 12.72 | 20.7 |14+ 4 - - 0 0 - |197+18 - - 708.3 448.4
T10 9.82 18.4 | 2043 |21£2 0 0 300+0 |300+0| - 737.7 454.0
Table 3: Model fitting of test results
Test respon- Model Parameters Response equation in actual and coded variable s
ses
R* | AdjR? F- |P-value
value
Add-on 0.9908 | 0.9793 86.10 | 0.0004 (Y1 =-185.1508 + 2.114X; — 0.085X, + 0.0016X;X;
- 0.0059)()@ —0.0008)()(22
R1=12.28+2.37A+1.31B+0.48A B-0.59A%-0.71B2
LOI 0.8398 [ 0.7940 18.35] 0.0016 | Y2=-29.8433+0.2667X,+0.0644X,
R2=21.24+2.67A+1.93B
Char length | 0.8500 | 0.7749 11.33 ] 0.0070 | Y3=-1357.1333+10.6666X;+32.9X,-0.21X;X;
R3=204.2-82.33A-84B-63AB
Warp tensile | 0.9190 | 0.8785 2269 0.0011 | Y4=160.789+3.5355X,+13.691X,-0.00844X,X,
strength R4=700.58-39.97A-16.29B-25.31AB
Weft tensile | 0.9305 | 0.9107 [46.87 <0.0001 Y5 =517.51333 — 0.30517X; — 0.16783X;
strength R5=450.53-3.05A-5.04B
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Table 4: Shorted ANOVA of the models

Source F- p-Value F- p-Value| F- p-Value F- p-Value| F- p-Value
value | Probe> | value |Probe>| value |Probe> | value | Probe>| value | Probe>
F F F F F
Term\Model | Y1 Y2 Y3 Y4 Y5
X 306.28 | <0.0001 24.06 | 0.0017 13.98 | 0.0096 | 45.60 | 0.0005| 25.19 0.0015
X> 94.08 0.0006 12.64 | 0.0093 14.55 | 0.0088 | 10.66 | 0.0171| 68.56 | <0.0001
X1 Xz 8.31 0.0449 - - 546 | 0.0582| 11.82 | 0.0138 - -
X’ 7.51 0.0519 - - - - - - - -
X,* 10.70 | 0.0308 - - - - - - - -
Lack of Fit 35.79 0.1221 16.39 | 0.1869 | 48.29 | 0.1088 7.93 | 0.2630 1.00 0.6450

LOI value: the higher the curing temperature and time are, the higher the LOI of the treated sample
is. But for the LOI value to be higher than 25, the curing temperature must be higher than 177°C and
the curing time must be longer than 105 seconds.

Char length: the higher the curing temperature and time are, the shorter the char length is. However,
the effect of curing time on char length is stronger than that of curing temperature

Effect on tensile strength: the higher the curing temperature and time are, the lower the tensile strength of
the treated fabric is.

(d)
Fig. 1. Vertical flammability of, (a) After treatment, (b) after 10 of washing cycles, (c) After 30 of washing
cycles, and (d) control

(a) (b)

Fig. 2. Surface response curve: (a) add-on (b) LOI (c) Char length (d, e¢) Warp and weft tensile strength

The optimal curing temperature and curing time were investigated from the numerical optimization
approach with the assistance of software Design-Expert with the aim to get the fabric having the
highest flame resistance (LOI>25), maximum mechanical properties. According to these criteria, Design-
Expert software has given the optimal curing temperature and curing time at 180°C for 113.7 seconds

4. CONCLUSIONS

In applying the response surface methodology with CCF experimental design, five response models
between curing condition and the add-on amount, LOI value, char length, warp and weft tensile
strength of the flame retardant treated fabric have been obtained. Moreover, the optimal curing
temperature and time were found with the highest fire resistance efficiency, minimum loss for
mechanical properties.
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Abstract: The paper presents the results of research works on ecological materials that protect humans against
the harmful effects of ultraviolet (UV) radiation, made of organic cotton, obtained through the application of
selected natural dyes and a new reactive UV absorber with high molar absorption. These materials are intended
for clothing, in particular for children and people with photosensitive skin.

Instrumental evaluation of obtained colours and barrier properties of textile products for UV radiation were
performed, expressed in the UPF (Ultraviolet Protection Factor) value, determined on the basis of
measurements of UV transmittance by a textile product.

Due to the application area of the new materials, the colour fastness to washing, perspiration, friction and
artificial light. For selected newly developed organic cotton products containing in their structure a natural dye
and a new UV organic absorber, specialized irritation tests according to OECD were carried out. In addition,
the results of studies on antimicrobial properties are presented on the basis of the assessment of antibacterial
activity against Gram (+) Staphylococcus aureus and Gram (-) Escherichia coli.

Key words: natural dyes, cationization, natural mordants, K/S, UPF

1. INTRODUCTION

Ultraviolet radiation due to its significant destructive potential causes a number of diseases [1-2]. The
threats resulting from excessive exposure to UV radiation include common sunburn, skin photo-aging
processes, as well as various types of phototoxic reactions, immune system diseases and life-
threatening skin cancers. WHO recommends the use of appropriate clothing, covering the largest as
possible area of the body. Breathable cellulose fibre products (cotton, organic cotton, viscose, linen),
white or dyed in light intensities, do not provide an adequate level of protection. The barrier properties
of this type of products can be increased by using e.g. natural dyes and UV absorbers. Recently,
interest in natural dyes has increased due to the growing expectations of customers looking for
environmentally friendly and human-friendly clothing products. Natural dyes are any colouring agents

- dyes and pigments - obtained mainly from plants, animals or minerals. Depending on the structure
and properties, they can be included in one of the currently known dye groups: vat, direct, acid or
pigments. Most of the historically known natural dyes are derivatives of anthraquinone,
naphthoquinone, indigo and carotenoids [3]. Among the natural dyes listed in the Color Index, there
are the biggest number of yellows (30) and reds (24), much less represented are: oranges - 5, blues

-3, blacks - 4, browns - 5. Most of natural dyes do not have affinity for cellulose fibres hence they can
hardly dye the fibre, and the obtained colour fastness to wet factors is insufficient. This is largely due
to the weak interaction with the cellulose fibre, which in the water bath has a negative electrical
potential and a dye molecule of natural origin with similar negative electrical potential. Fibres of
animal origin, i.e. wool, silk, are more easily dyed with natural dyes. The change in the negative
potential of cellulose fibre can occur as a result of its cationization process. The literature describes the
process of cellulose fibre cationization with various cationic compounds, mainly to eliminate the use
of electrolytes in the process of dyeing cotton with reactive dyes[4].

The search for ecological solutions also leads to the use of hand-picked organic cotton. This type of
cotton does not irritate the skin and does not cause allergies, because no pesticides are used during its
cultivation (50% of all used pesticides in developing countries are for cotton).
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This paper presents the results of research on the use of the natural dye Wau-Color (Weld-Reseda)
and a new reactive UV absorber - A8G to improve the UV protective properties of knitted fabric
made of organic cotton fibres, intended for clothing for children and people with photosensitive skin.

2. EXPERIMENTAL

2.1 Materials

Textile materials: organic cotton knitted fabric, single-jersey with area mass of 182 g/
m?, GOTS Certificate No. CU815041GOTS-2019-00000307. Subjected to standard industrial
washing process. Chemical agents: cationization agent - polymer cation-active heterocyclic
compound Texamin ECE (InoTex, Czech Republic).

Natural dye: Wau-Color obtained by extraction from Weld Reseda (Reseda Iluteola)
plant, kindly supplied by NIG-Nahrungs-Ingenieurtechnik GmbH (Germany); contains yellow
dye — luteine. Organic UV absorbers: UV absorber — reactive (symbol A8G) based on 1,3,5-
triazine derivatives which due to adequate chemical groups is able to react with cellulose hydroxyl
groups [5].

2.2 Sample preparation

Cationization — applied from the bath containing 0.8 pieces of NaOH per 1 piece of Texamin ECE
at 30°C for 30 min and 50°C for 40 min at a liquor ratio of 10:1.
Cationization together with application of UV absorber from the bath containing Texamin ECE and
NaOH (as above) and UV absorber A8G at 60°C for 100 min, at a liquor ratio of 10:1.
Dyeing: with 1%, 2% or 5% o.w.f. of Wau-Color at 98°C for 40 min, at a liquor ratio of 10:1.
Such processes were performed using laboratory dyeing machine Redcrome (Ugolini, Italy).

2.3 Methods of assessment

Spectrophotometric  evaluation of changes in colour intensity of the fabrics
Measurement of the remission (R) coefficient with calculations of the value of relative dye
intensity (K/S) for dyed fabrics samples were performed on Datacolor 850 spectrophotometer
(Datacolor Int., USA) with dataTools software, for illuminant D65 and 10" observer in accordance
with EN ISO 105- JO1.The concentration of dye on the fabrics after the dyeing process was
assessed indirectly by determination of the K/S coefficient using the Kubelka-Munk formula (1)
[6] proportional to the dye concentration on the fiber.

K/S = (1-R)*/2R (D
where: K — light absorption coefficient, § — light scattering coefficient, R — light remission rate,

Protective properties of textile fabrics against UV radiation

Absorption spectra of textile fabric samples as well as Ultraviolet Protection Factor (UPF) were
determined using double beam type of UV-VIS Jasco V-550 (Jasco) with integrating sphere
attachment, according to the EN 13758-1 and 2 standard. According to the EN 13758-2 standard
textile fabrics have barrier properties against UV radiation if the UPF coefficient is at least 40 and
transmittance in the range UVA <5% for textile designed for protective clothing.

Colour fastness

The dyed textiles were tested for colour fastness to: washing at 40 °C, alkaline and acidic perspiration
as well as dry and wet rubbing according to standard test methods: ISO 105-C06 Method A1S, EN
ISO 105-E04 and EN ISO 105-X12, respectively.

Assessment of microbiological activity

The microbial activity of knitted fabrics was tested against a colony of gram-negative bacteria
Escherichia coli (ATCC 25922) and gram-positive bacteria Staphylococcus aureus (ATCC 6538)
according to AATCC Test Method 100-2012 — Antibacterial Finish on Textile Materials. This method
provides a quantitative procedure for the comparison and evaluation of the degree of antibacterial
activity after a 24 h exposure to the test fabric. After incubation, the bacterial challenge is eluted from
the swatches and enumerated and a percent reduction by the fabric specimen is calculated.

Acute dermal irritation test

The assay was performed according to Test No. 404: Acute Dermal Irritation/Corrosion of the OECD
Guidelines for the Testing of Chemicals in Nofer Institute of Occupational Medicine. Albino rabbits
were used to test the organic cotton knitted fabrics, dyed with Wau-Color. For this purpose, a piece of
tested fabric was applied to a small area of skin (approximately 6 cm?) of an experimental animal,
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untreated skin areas of the test animal served as the control. All animals were examined for signs of
erythema and edema after 1, 24, 48 and 72 h as well as after 5,6, 7, 8,9, 10, 11, 12, 13 and 14 days.

3. RESULTS AND DISSCUSSION

In this work, a cationization process of cotton knitwear was applied to change the negative potential of
cellulose fibre so that it can be dyed with natural dyes, as well as to eliminate the use of electrolytes in
the application of the A8G absorber of the reactive dye type.

Table 1: Values of UPF and transmittance for Table 2: Values of UPF and transmittance for
organic cotton knitted fabric subjected to various organic cotton knitted fabric subjected to various
variants of cationization with Texamin ECE process variants of cationization with Texamin ECE and
and application of organic UV absorberA8G dyed with Wau-Color
i Transmittance
Sample type UPF T;'ja\l’]l;l:l:‘:t?;:]e Sample type UPF UVAavg [%]

Raw (only washed) 18.70 9.40 Texamin | Reseda 1% >50 2.82
Texamin ECE 1% 26.52 7.31 ECE 1% | Reseda 2% >50 1.67
Texamin ECE 3% 25.51 7.43 Texamin | Reseda 1% >50 0.66
Texamin ECE 5% 26.89 7.11 ECE 3% | Reseda 2% >50 0.60
Texamin ECE 8% 25.72 7.42 Texamin | Reseda 1% >50 0.76

s . m A8G 0,25%| 45.97 5.87 ECE 5% | Reseda 2% >50 0.66
550 2 [A8G0,5% | >50 4.25 Texamin | Reseda 1% >50 0.87
=B RO G 0.75% =50 470 ECE 8% | Reseda 2% >50 0.68

The results of the studies presented in Table 1 show that the cationization process caused a slight
increase in the UPF value and a decrease in transmittance in the UVA range, regardless of the
Texamin ECE concentration within 1% to 8%. Application of the A8G absorber at a concentration of
0.25% o.f.w. increased the UPF above 40 and reduced the transmittance in the UVA range to a value
of about 5%.

It has been found (Table 2) that the cationized and then dyed with Wau-Color dye organic cotton
knitwear has good UV protection properties - UPF> 40 and Tuvaave <5%.

9 ECE 1%,Wau1%  ECE 1% Wau2% ~ECE 3%Wau1% - ECE3%Wau 2% Figure 1 shows that after the
ECE 5%,Wau 1% ECE 5%,Wau 2% ECli 8%,Wau1% ECE 88,Wau 2% .. . . .
8 cationization process, the intensity of

) dyeing of the fabric by means of the
. Wau-Color dye increases with the

increase in the concentration of
’ Texamin ECE. The "saturation point"

KIS

of a cationized knitted fabric with the
dye occurred at a Texamin ECE
concentration of 5%, with a tint of both
1% and 2%.

Fig. 1. Intensity of dyeing of the organic cotton knitwear by means
of the Wau-Color after the cationization process with Texamin ECE

Organic cotton knitted fabric samples are characterized by good colour fastness to washing (change in
colour - 3-4, staining - 5), rubbing (4) and perspiration (Table 3)

It was found that organic cotton knitted fabric sample after cationization with Texamin ECE
process, showed strong E. coli and S. aureus growth reduction - R> 99% and A> 6.8. The use of
dyeing fabric with Wau-color dye maintained this effect (Table 4).

The results of the tests carried out at the Nofer Institute of Occupational Medicine confirmed that
organic cotton knitted fabric samples dyed with natural dye Wau-Color do not cause skin irritation.
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Table 3: The results of colour fastness parameters of organic cotton
knitted fabric cationized with 5% of Texamin ECE and dyed with 5%
of natural dye Wau-Color (Weld-Reseda)

Tested feature Results of the test [degree]
Colour fastness to: Organic cotton knitted fabric cationized
and dyed Wau-Color 5% o.w.f. b '
ashing a/3-4 b/5 c/5 Co!f)ur' fa§tness 'ctcc’(’)rdlng to “Grey
acid perspiration ! a/3 b/ 3 c/5 scale”, indicator 3 means — no
alkaline perspiration V' | a/3 b/ 4 c/5 Cha.n gen COlf)ur’ mdlc,ator I”means
— big change in colour; a/ change of

rubbing " Dry d/ column 4-5 colour of the sample, b/ staining -

d/ row 4-5 cotton, ¢/ staining — wool, d/ the
rubbing D Wet d/ column 3-4 staining of the cotton rubbing fabric;

d/ row 3-4

Table 4: Results of microbiological activity tests of organic cotton fabric modified with 5% of Texamin
ECE and dyed with 5% of natural dye Wau-Color (Weld-Reseda)

Microbiological activity = Microbiological activity

Sample type against Escherichia coli  against Staphylococcus
(ATCC 11229) aureus (ATCC 6538)
A L R (%) A L R (%)
1.Cationized with Texamin ECE 5 % 7.5 2.3 99.4 6.8 2.3 99.64
2.Cationized with Texamin ECE 5% and 7.0 1.7 98.2 6.6 2.3 99.37

dyed with Wau-Color 5%

A —microbiological activity coefficient; if A > 3 then the fabric has strong antibacterial activity R - the degree of
bacterial growth reduction; L — bactericidal activity value; if L > 0 then the fabric is bactericidal

4. CONCLUSIONS

The technology of materials protecting against the harmful effects of UV radiation, based on the use of
organically grown organic cotton and natural plant dyes, was developed. For the application of natural
dyes with a negative electrical potential on cellulose fibre (cotton) also characterized by a negative
electrical potential, a change in the fibre potential is necessary. It is obtained by the application of a
cationic compound in cationization process. As a result, a knitted fabric with uniform coloration and
good resistance to washing, rubbing and sweat, as well as a strong antibacterial effect was obtained.
The newly developed fabric dyed with natural dye Wau-Color does not cause skin irritation.
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Abstract: Texturized yarns are often preferred especially in home textiles and sportswear. To improve
polyester filament properties, mechanical, thermal, chemical and combinations of texturing
processes are applied. With these processes, filament yarns take on a curved and voluminous
structure and gain a permanent form. Properties of the texturized yarn can be varied as raw
materials properties, machine type and process factors. This study covers the investigation of the
effect of cross-sectional shape of fiber (round and trilobal) and texturing process temperature (150,
175 and 200 °C) on air permeability of false twist textured polyester single jersey knitted fabrics.
Results showed that the highest air permeability value was obtained from knitted fabric with round
fiber cross-sectional shape polyester filament textured at 150 °C. According to the statistical
analysis, both the fiber cross-sectional shape and process temperature were found to have a
significant effect on air permeability property.

Key words: fiber cross-section, false twist texturing, polyester, air permeability.

1. INTRODUCTION

Polyester textile filament is the main category of polyester filament which provides wide usage area in
textile and fabric production which is used in garment, shoes and household goods. Demand for
polyester filament has been increasing rapidly in apparel production compared to natural filament
due to its durability, wrinkle resistance, minimum shrinkage and high color retention [1].
Filaments can be textured by different systems according to the final product to be used. The
most preferred texturing system for PET filament is false twist texturing system. In literature, there
are various studies that involve the effects of the texturing parameters of polyester filament [2-8].
This study was conducted to investigate the effect of polyester fiber cross-sectional shape and
texturing process temperature on air permeability of knitted fabrics. In order to compare the
significant effect of these parameters on air permeability property, statistical analysis was performed at
95% confidence interval.
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2. MATERIAL AND METHOD
In this study, fully drawn (FDY) polyester(PET) filament with 150 denier/48 filaments with two
different fiber cross-sectional shape (round and trilobal) were textured at 150, 175 and 200°C on false

twist texturing machine. The rest of all false twist texturing parameters was kept constant (Table 1).

Table 1: False twist texturing process parameters

Production speed (m/min) 400
Draw ratio 1.65
Winding crossing angle (°) 29
Process temperature (°C) 150,175,200
Disc surface speed / Yarn speed (D/Y) 1.90
Oiling speed (rpm) 0.50
Friction disc configuration 1+5+1

Single jersey structure knitted fabric samples were then produced from these PET false twist
textured yarn samples via a 3.5” gauge, 22 fein and one feeder sample circular knitting machine
at 20+2 rev/min production speed. Before the tests, all the fabric samples were conditioned in standard
atmosphere according to TS EN ISO 139 (65+4% relative humidity and 20+2 0C temperature) for
24 h before the tests. Then, the course and wale densities were determined according to TS EN
14971:2006. The fabric thickness and fabric weight were measured by using the standards TS
7128 EN ISO 5048:1998, TS EN 12127:1999, respectively. The yarn loop lengths were
measured according to the standard TS EN 14970:2006. Air permeability test was achieved by
using ISO 9237 standard at 100 Pa pressure drop at 20 cm? test area. Statistical analysis lead to assess
the effect of the fiber cross-sectional shape and process temperature on air permeability of single
jersey knitted fabric at significance level of 0.05. For this purpose, analysis of variance and multiple
comparison tests were achieved by means of SPSS package program.

3. RESULT AND DISCUSSION

Considering the changes of cross-sectional shape of fiber before and after texturing process, SEM
pictures were taken. The cross-sectional views were given in Figure 1. In the temperature range
between 150 and 200°C, the changes in structural cross-sectional shape are seen obviously. The fabric
structural properties are given in Table 2.

Table 2: Single jersey fabric samples structural properties

Fiber Process Thickness | Weight | Course | Wale Loop length

cross-section | temperature (°C) (mm) (g/m?) (mm)
150 0.53 117.07 11 12 3.80

Trilobal 175 0.63 118.18 12 12 3.90
200 0.72 113.07 12 14 4.35

150 0.61 89.51 12 12 3.90

Round 175 0.73 124.92 11 13 4.75
200 0.75 120.65 12 12 4.65

In Table 2, thickness values of knitted fabrics rise as the process temperature increases from 150 to
200°C and the lowest thickness values were obtained from knitted fabrics with trilobal cross-sectional
shape of false twist textured polyester at each process temperature. Considering with loop length,
the highest loop length value was obtained from fabric from trilobal fiber cross-sectional shape
textured at 150°C. On the other hand, knitted fabric with round fiber cross-sectional shape
processed at 175°C was determined to have the lowest loop length.
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Fig. 1. SEM photographs of POY and textured filament with trilobal and round cross-sectional shape
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Fig. 2. Air permeability results of single jersey knitted fabric samples

Air permeability test results indicated with bar graphs are given in Figure 2 with error bars at 95%
confidence interval. It is obviously seen in Figure 2, regarding with fiber cross-sectional shape, highest
air permeability was obtained from the fabrics with round-cross sectional shaped fibre. This is
probably due to the fact that the air gaps between round cross-sectional shape of fibers which enable
permeable to air easily are higher than that of trilobal cross-section. It was determined that air
permeability of knitted fabrics obtained from false twist textured yarns gaining volume decreased with
increasing process temperature. Besides, loop length of knitted fabric also affects the air permeability
properties. Here, knitted fabrics with trilobal fiber cross-sectional shape have lower loop length which
prevents permeable of air.

Table 3: Analysis of variance test result for air permeability

Source Sum of Squares df Mean Square F Sig.
Fiber cross-sectional shape (A) 28073089.701 1 28073089.701 274.841 0.000*
Process temperature (B) 13137158.279 2 6568579.140 64.308 0.000*
A*B 1034111.120 2 517055.560 5.062 0.011*
Error 4187867.857 41 102143.118 - -
Total 765057300.000 47 - - -
Corrected Total 46829365.957 46 - - -

Table 3 illustrates analysis of variance test result for air permeability of knitted fabrics with different fiber
cross- sectional shape textured at different process temperature. Statistical analysis showed that fiber
cross-sectional shape had significance effect on air permeability (p<0.05). In a similar manner the
texturing process temperature had a significant effect too. Regarding the interaction of parameters, it can
be concluded that the interaction of fiber cross-sectional shape and process temperature (A*B) has a
statistically significant effect on air permeability of knitted fabrics. Multiple comparison test results of air
permeability in terms of process temperature are given in Table 4. According to Table 4, it was
determined that there is a significant difference between air permeability of knitted fabrics textured at
different process temperatures at significance levelof 0.05. The highest and the lowest air permeability of
knitted fabrics were detected at 150 and 200°C process temperature, respectively.

Table 4: Multiple comparison of air permeability in terms of process temperature according
to Student-Newman-Keuls method.

Subset
Process temperature ("C) N 1 2 3
200 10 | 3264.0000
175 10 3595.0000
150 10 4559.0000
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed. Based on observed means.
The error term is Mean Square(Error) = 99688.333.

a. Uses Harmonic Mean Sample Size = 10.
b. Alpha = 0.05.
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4. CONCLUSION

In this study, the effect of fiber cross-sectional shape and texturing process temperature parameters
on air permeability of knitted fabrics was investigated. Results are summarized as below;

-Knitted fabrics with trilobal fibre cross-sectional shape fibre provided lower air permeability
properties compared to those with cross-sectional shape fibre at each texturing process temperature.
It was determined that the average air permeability of knitted fabric with trilobal fiber cross-sectional
shape is approximately 50% lower than round fiber cross-sectional shape.

-Considering with texturing process temperature effect, it can be said that higher process temperature
results with lower air permeability. Hereby, increasing the process temperature enhances polyester
filament more voluminous.

- Statistical analysis showed that fiber cross-sectional shape and process temperature have a significant
effect on air permeability of knitted fabrics.

-Regarding the evaluation of the usage area of knitted fabrics, if higher air permeability property is
desired; round fiber cross-sectional shape polyester filament should be textured at 150°C process
temperature. On the other hand, trilobal fiber cross-sectional shape polyester filament should be
textured at 200°C process temperature when fabrics with low air permeability is preferred.
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Abstract: Many architects and designers coincide that fabric structures have an imperative role to play
in creating an ecofriendly future. In recent years, the use of smart textiles has been particularly popular
in the construction practices. These are hailed as environmentally friendly, deliberated
as architecturally aesthetic and are usually cost effective. There is a growing demand for
hybrid textile materials that combine strength and functionality in a lightweight product at a
competitive price. These materials are developed with advanced technical interventions. This
paper aims to conceptualize the idea of using smart textiles in  the interior
architecture to ensure sustainability by replacing the conventional architectural finishes. The
use of smart textiles that fetches the possibilities offered by both textile and interior design in
the present world has been highlighted with examples. Studies illustrate that the use of smart
textile materials have several benefits in the built environment in terms of weight,
transparency, adaptability, indoor climate, atmosphere and acoustics. Examples are taken from the
superlative case studies from all across the world. The research combines the versatile
information and explores the diversity of smart textiles, presenting a framework of future
prospects for the utilization of the materials in the modern interior design concepts.

Key words: Smart Textiles, Fabrics based Materials, Sustainable Textile Architecture, Conventional
Architectural Finishes

1. INTRODUCTION

Since the advent of earliest civilizations, humankind has been engaged in shaping his living environment
according to his necessities and to provide himself an adequate shelter. History reveals that textiles has been
used as the key material for the formation of first proper residential unit, most popularly known as the
‘nomads tent’. This essential work of art has been formed progressively with the human enhancements of
skills in making sharp tools and support beams. Following the simple, yet indispensable, structural and
material principles, this form of dwelling has proven its value through centuries because of its exceptionally
usable and flexible building system. The timely and lifesaving shelter in prehistoric times is still practical
today in many kinds of post disaster situations all across the globe. Even now, in the recent times, with the
massive technological advancements in materials and design methods, the fabric based finishes in buildings
are becoming practical and more viable method in interior and exterior architecture.
The main reasons behind the growing interest and popularity of fabric based structures is the
functionality in the sagacity that these are highly responsive to variation and are usually economically
feasible. The fabric structures are predominantly light weight and require minimal use of materials,
therefore can also be labeled as environmentally friendly.
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2. PROLOGUE - SMART TEXTILES FOR INTERIOR ARCHITECTURE

This paper aims to highlight the most exemplary innovations in the textile based architecture throughout
the history and the modern world. The research is consisted of the descriptive narrative with case study
analysis. The information collected and discussed in the paper will be helpful in formulating a framework
of understanding for future implementations to achieve a sustainable future in the field of textile based
interior architecture.

The modern era of 21% century has observed an exceptional period of revolution and innovation in
the fields of textiles and architecture. The superlative futuristic visions endowed upon by the present
day advanced technology has presented the designers with the challenge and excitement to work
with the innovative e-textiles or hybrid materials that are the product of cross breed between
infrastructures based technology and textiles (O'Mahony, M. 2006). Nanotechnology is yet another
exceptionally promising development in the material science of textiles. It is a field of material design
where constituents are of an equal scale to atoms and molecules in the natural sphere. Major focus is now
being driven to the physical characteristics of the materials that includes the tensile strength,
absorbency and resilience. Also, circumspection of the enhanced optical and olfactory properties along
with better acoustic controls. The designers and architects eager to work with a range of diversified
ideas to create experimental shelters, are highly interested in these advanced technological
innovations in the field of textiles. The main stimulation behind the attraction is the diverse range of
possibilities presented by these developments in textiles technologies that can be highly functional in
building design e.g. in providing shadow or accumulating heat as required, or accentuating support or
comfort with the proper incorporation of these technological attributes.

Among the varied and most advanced technological innovations, one of the most popular textile materials
introduced in the recent times is Ethylene tetrafluoroethylene ETFE (Chilton, J. 2013). This material has
given a huge and rapid boost to fabric based finishes in interior and architectural design solutions. Textile
materials are now becoming stronger than ever with hybrid technologies forming into smart textiles that
are responsive towards their environments. The most applauded attributes of these types of fabrics are that
these may harvest solar energy along with light or heat emitting properties, can be highly responsive with
interactive digital textile displays available, and fabrics that are sensitive to touch and respond instantly,
some of them are manufactured in a way to detect hazardous substances or pollutants present in the
atmosphere, and transparent fabric shields that can also change color, or stretchable textile surfaces. All of
these characteristics adhere to the fact that textiles have been superficially reinvented for predicted
requirements in the contemporary world. The materials are proven to be wused as versatile
layered membranes that can generate electricity, can provide shade or be transparent as required. The
drive to explore innovations is growing for the ever evolving process of problem solving strategies in the
building sector. Fabric based building has proven to be very useful in different kinds of environmental
conditions owing to its rapid, less time consuming construction prospect and very light weight. These
advantages allow materials applications to form structures such as small scale canopies and wide-span
stadium roofs to emergency shelters. However, the main disadvantage of fabric structures is mainly poor
quality of heat exchange or acoustics controls. These issues are now being worked out by recent
innovations and technological advancements in the field of textiles. The present paper aims to look into
the modern case studies in detail and though content analysis of the available information, come up
with the conceptual framework for future implementation.
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3. FINDINGS AND DISCUSSON - CASE STUDIES ANALYSIS

The thematic and content analysis of the contemporary era case studies reveal the fact that
this millennium has witnessed and, therefore, manifested many innovations in the field of textiles
based architecture right from the initial years. Many forms of versatile fabric dwellings,
shelters and transformable and multipurpose architectural finishes were introduced as the designers
and architects started experimenting with the variety of materials. The major stimulation behind this
experimentation was the potential of new textile technologies foreseen by the designers and architects.
Further interest was developed as the inherent flexibility of different fabrics were observed and it was
found out that certain fabric materials when used as building material possess exemplary and
incomparable capacity to be folded and unfolded in different ways. Such applications can be found in
many public sector buildings worldwide, accommodating a large number of people, owing to the
flexibility and light weightiness of fabric materials.

The trend to formulate the futuristic concept in fabric shelters and dwellings was observed amid
the century when designers were explicitly involved in working on a greater scale on public building
projects. Architectural fabrics and membranes were used on a much wider scale than ever before. One of
the key examples of public building projects of this era can be witnessed in Saudi Arabia when
Hightex manufactured a huge amount of yardage of Teflon-coated cloth for the Mina Valley
refurbishment and expansion for Haj pilgrims. This one time order was the largest the company had ever
manufactured. In the same instance, related examples can be found in Britain, where fabrics and
membranes began to be used on landscape public buildings such as the Millennium Dome in
London and Eden Project in Cornwall. Simultaneously, similar trends were observed in Germany
and the United States where architects and designers started to visualize buildings that would largely
be composed of fabric.

As people became more aware of the social concept of sustainability and there was a growing concern for
providing adequate housing and shelter to the general public, the designers also started working for the
promotion of this cause. And coincidently, textiles based materials were again counted as
main component that proved its worth as a sustainable material, that implies that fabrics were durable,
usually cost effective and were environmentally friendly. During the latter part of the century,
there was a massive exploration that promoted experimental fabric structures. One fine case of this
sort is Orta’s Habitent (Newman, M. 2016). It was the most basic type of fabric structure made from
aluminum coated, fleece-lined polyamide. The design was meant to provide shelter to the homeless, with
materials derived from sleeping bags and card board boxes converting them into high performance
fabric fulfilling the requirement of the moment. The motive was to attract the world’s attention towards
the predicament of the destitute and homeless people. Over the years designers took inspiration
from her emphasis on symbolism, and started working towards this issue with the same approach but
in a pragmatic manner, while opting for more viable options for sustainable housing structures. In
similar instances, one example can be found in the Basic House (1999). It is known to be a house of air
which delivers an immaculate visualization of the future. The idea is to design buildings that appear
and vanish as required, in other words, to develop cities where people can have temporary
residences, similar to the concept of contemporary nomads living in inflatable and portable
houses that can fold up and can be mobile whenever required. Another outstanding design venture is
Azua’s “House in a Pocket” (Krstic, V. 2003). It is made from double-sided metallized polyester that
weighs only 200 grams. The special feature is that it can be inflated by the heat of a person’s body or
from the sun. For internal climate control, it has dual color on each side with silver on one side and gold
on the other and it can be inverted to provide shield from heat or cold. This design sounds supernatural in
a lot of ways but, of course, it is visionary and sort of idealistic so it does not appropriately offer
practical solutions to existing problems. However, the designers and architects, based on these
superlative ideas, started working out on more sustainable solutions in the building and design sector.
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Fairly recently, due to environmental concerns, the architects and interior designers are now increasingly,
considering how the functions and the indoor setting of a building can be improved through
strategic surface design. Along with energy efficiency, people are actively looking to acquire
maximum thermal comfort in their indoor built environments. For example, one fine strategy to
acquire the most desired indoor temperature, can be patterns printed on the surface of ETFE
membranes (Chilton, J., & Lau, B. 2015). This technique can sentient the interior of buildings with
shadow patterns, as well as serving as a device for climate control. By prudently locating positive-
negative patterns on either sides of an ETFE inflated cushion film, this design can be utilized to
regulate the direction and intensity of sunlight entering an interior of the building. The patterns start to
intersect as soon as the air heats up and the cushions expand. As yet another advantage, patterns
printed with plastic photovoltaic that can modify or regulate levels of light can also be used as a device
for gathering solar energy. The most prominent feature of the ETFE films are that they are particularly
thin (0.2 mm) making these feasible to carry in terms of weight and economically benefitting as the
structural requirements of the building can be cost effective. Whereas, this material is also known to be
exceptionally non corrosive, with a life span of over thirty years and recently, new ways have been
discovered to be recycle the material as well. This innovation can be regarded as a huge
breakthrough in the field of textile based interior architecture finishes.

On contemplating the modern day fabric structures, we find plenty of public building projects that have
utilized the advanced technologies and smart materials to abstain from the highly expensive conventional
architectural finishes. One of the finest examples of textile-based architecture in the contemporary world
is the Burj al-Arab Hotel in Dubai (Garbe, T. 2008). The design brief was specifically meant to mimic
icons such as the FEiffel Tower using textile-based architecture. This is a structure built on its
own artificial land, near to the Jumeriah beach. The design is similar to an Arab ship with an
Exposed V-shaped design and a huge 180 meters high atrium covered with the two layered PTFE coated
glass fiber white cloth. The facade has a cover of 7,500 meter-squares of membrane. The atrium looks
closed when viewed from the outside and it appears translucent from inside. These fabric membranes
imply a self-cleaning mechanism in the rainy season. Also, these are UV resistant and non-
flammable. This type of massive public structures based on textiles materials has set the precedent
for modern designers and architects to implement these smart strategies in their residential interior
design and architecture concepts to partially or fully replace conventional architectural finishes that are
energy intensive, expensive and also deteriorating to the environment. Furthermore, the use of such
innovative smart textiles has also offered a diverse range of design possibilities for the architects
and designers to solve contemporary issues regarding housing and interior design.

4. CONCLUSION

The detailed assessment of the accessible information, it is appropriate to accept that traditional
and conventional architectural finishes are hazardous and no longer practical as far as environment
and financial sustainability is concerned. The present exploration of contextual investigations uncover
that brilliant textile materials can become another economical and natural alternative in building and
structural design. Through the best possible utilization of innovation, adaptable and creative
structures and dwellings are conceivable. Present day innovation and the utilization of software have
prompted the rise of cross breed hybrid materials implanted with sensors having versatile
communication abilities. Cross breed hybrid materials investigate non-customary territories of
motivation to deliver new and spearheading materials and can satisfactorily supplant ordinary
building wraps up. The study inevitably researches the foundations of the two picked fields, textiles and
architecture. It has been observed that the utilization of fabric material in design has basically been
limited to the either, cutting edge solutions or to the fairly low-tech arrangements in design. The center
ground between these two boundaries has not gotten the consideration it merits. Therefore, it is
essential to understand the connection and practicality of this combination with regards to sustainability
so that its utilization in the common built environment can be ensured.
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This research advanced the conceivable outcomes of textile material based solutions in architecture
and interior design while investigating the related future potential products. The exploration infers a
practical comprehension of the historical backdrop of the utilization of textile material in
architectural models, the structures of the crude societies and proceeding with right to the contemporary
time frame. The most widely recognized building structure types significant in textile material
architectural design are being discussed. The study consolidates the thoughts and ideas starting from the
data being discussed. However, these ideas require further investigations to explore the variety of brilliant
fabric materials and representations as an image of future potential outcomes for the maximum utilization
to ensure sustainability in interior architecture concepts.

REFERENCES

[1] Albers, A. (1957). The Pliable plane; Textiles in architecture. Perspecta, 36-41.

[2] Beesley, P., Khan, O., & Stacey, M. (Eds.). (2014). Acadia 2013. adaptive architecture. Riverside Architectural.
Cherenack, K., & van Pieterson, L. (2012). Smart textiles: Challenges and opportunities. Journal of Applied Physics,
112(9),091301. 14

[3] Chilton, J. (2010). Tensile structures—textiles for architecture and design. In Textiles, polymers and composites
for buildings(pp. 229-257). Woodhead Publishing.

[4] Chilton, J. (2013). Lightweight envelopes: ethylene tetra-fluoro-ethylene foil in architecture. Proceedings of the
Institution of Civil Engineers-Construction Materials, 166(6), 343-357.

[5] Chilton, J., & Lau, B. (2015). Lighting and the visual environment in architectural fabric structures. In Fabric
Structures in Architecture (pp. 203-219). Woodhead Publishing.

[6] Garbe, T. (2008). Tents, Sails, and Shelter: Innovations in Textile Architecture. The University of Texas at
Austin School of Architecture.

[7] Garcia, M. (2006). Architecture+ textiles = architextiles. Architectural Design, 76(6), 5-11.

Hensel, M., Menges, A., & Weinstock, M. (2013). Emergent technologies and design: towards a biological
paradigm for architecture. Routledge.

[8] Hildebrandt, J., Brauner, P., & Ziefle, M. (2015, August). Smart textiles as intuitive and ubiquitous user
interfaces for smart homes. In International Conference on Human Aspects of IT for the Aged Population (pp. 423-
434). Springer, Cham.

[9] Kistic, V. (2003). About other Constructs and Spaces. Transportable Environments, 2, 25-31.

Newman, M. (2016). Replacing Home: From Primordial Hut to Digital Network in Contemporary Art. The
Sculpture Journal, 25(3), 446.

[10] O'Mahony, M. (2006). Textiles for 21st Century Living. Architectural Design, 76(6), 102-107.

Quinn, B. (2006). Textiles in architecture. Architectural Design, 76(6), 22-26

109



INTERNATIONAL CONFERENCE
m— y = - ‘ —/PF -y /,..'

=

1SN 1 S8 07

October 24 - 25, 2019 Bucharest, Romania

ENHANCING COLOUR FASTNESS PROPERTIES OF DENIM
FABRICS BY USING NANOFILM DEPOSITION METHOD

DOI: 10.35530/TT.2019.25

Sule Sultan UGUR!, Merih SARIISIK?, Miinevver ERTEK?, Dilek SARAPNAL*

!'Siileyman Demirel University, Engineering Faculty, Textile Engineering Department, Isparta, Turkey,
E-Mail:, suleugur@sdu.edu.tr

2Dokuz Eyliil University, Engineering Faculty, Textile Engineering Department, Izmir, Turkey,
E-Mail: merih’sariisik@deu.edu.tr

3.4 Calik Denim, Malatya, Turkey, E-Mail: munevver.ertekavci@calikdenim.com, dilek.sarapnal@calikdenim.com
Corresponding author: Sule Sultan UGUR, E-mail: suleugur@sdu.edu.tr

Abstract: The washing and the special treatments (enzyme and/or pumice washing for aged look) on
denim garments are the important parameters influencing cloth shade, color fastness and the fabric
mechanical properties. The most commonly used indigo dyestuff for dyeing denim fabrics is the process
of producing waste, consuming excess energy and wate. In this study, we made an attempt to reduce the
environmental damage of denim dyeing processes by using nanocoating method. Indigo and reactive
dyed denim fabrics were purchased from GAP Textile and used for obtaining nanofilm coated denim
fabrics. Optifix E50 is used for cationic layers and Tanapur EP3027 is used for anionic layers. In the
deposition process, denim fabrics were deposited with 10 multilayer films by using a padding machine
for padding process and a modified open-width washing machine for continuous process. Scanning
electron microscopy measurements were used to verify the presence of the deposited nanolayers. Colour
fastness to washing, Colourfastness to Perspiration, Colourfastness to Water, Colourfastness to
crocking and tensile strength were performed to examine the LbL process effect on the denim fabric
properties. This study shows that continuous nanofilm deposition process can be used for enhancing
color fastness properties of especially reactive dyed denimfabrics.

Key words: Colour fastness, multilayer film, denim, sustainability.
1.INTRODUCTION

Denim is constructed in twill weave which included the dyed warp and white weft yarns.
The household laundering treatment of denim fabrics is the important parameters influencing
cloth shade and the fabric mechanical properties [1-2]. In recent years, a range on denim fabric
treatment methods is used, such as diverse types of washing, dyeing, functional finishing and
bleaching, in order to get the desired effects [3]. But, especially, the washing and the special
treatments (enzyme and/ or pumice washing for aged look) on denim garments are the important
parameters influencing cloth shade and the fabric mechanical properties [2].

The Layer-by-Layer (LBL) deposition process is based on the sequential adsorption of

oppositely charged colloids (such as charged molecules, nanoparticles, dyes, proteins and
other supramolecular species). The LBL process has initiated the easy preparation of nano-
composite textile fibers to be used in the manufacture of functional textiles. In recent years, a range on
denim fabric
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treatment methods are used, such as diverse types of washing, dyeing, functional finishing and
bleaching, in order to get the desired effects [4, 5].

The LBL method was first performed according to the dip-coating principle, but the
biggest disadvantage of this process is the long duration of adsorption times of the layers. For this
reason, a new working principle is required for the LBL method to be applied commercially to textile
materials. In this research, we applied LBL method to the denim fabrics by using a laboratory type
padding machine.

2. EXPERIMENTAL

Indigo and reactive dyestuff dyed denim fabrics were purchased from Calik Denim Textile and used
for obtaining nanofilm coated denim fabrics. Optifix ES0 (OP) and Tanapur EP3027 (TA) were
purchased from Tanatex Cop. (Turkey). Aqueous solution of OP was prepared at concentrations of 20
g/1t with using deionized water and the pH of OP solution was adjusted to 7 and used for cationic
layer. Aqueous solution of TA was prepared at concentrations of 30 g/It with using deionized water
and the pH of TA solution was adjusted to 5 and used for cationic layer.

In the deposition process, denim fabrics were deposited with 10 multilayer films by using a
padding machine. For the TA/OP multilayer film deposition process, the denim fabrics were
applied in the following solutions alternately: (a) the cationic TA solution, (b) the deionized water, (c)
the anionic OP solution, and (d) the deionized water. 10 TA/OP multilayer films were deposited on
the denim fabrics by using a laboratory-type padding machine. Multilayer film coated denim fabrics
were dried at 120 °C and cured at 150 °C for 2 min.

Scanning electron microscopy (SEM) measurements were used to verify the presence of the deposited
multilayers. Colour fastness to washing (BS EN ISO 105-C06:2010), Colourfastness to
Perspiration (EN ISO 105 E04), Colourfastness to Water (EN ISO 105 EO1), colourfastness to
crocking (BS EN ISO 105 X12 & AATCC 8) and tensile strength analyses (ASTM 5034 Grab
method and Tear ASTM D 1424) were performed to examine the LbL process effect on the denim
fabric properties.

3. CONCLUSIONS

Colourfastness to perspiration, water, washing and crocking tests were carried out and all the test
results of the indigo dyed denim fabric (ID), multilayer film deposited indigo dyed denim fabric (ID-
LBL), reactive dyed denim fabric (RD) and multilayer film deposited reactive dyed denim fabric (RD-

LBL) are given in the Table 1. According to the test results it can be clearly seen that with indigo dyed
denim fabrics there is not any change for all the colourfastness test results. But with reactive dyestuff
dyed denim fabrics especially perspiration and water fastness tests gives better results. As a result it
can be said TA/OP multilayers can be used for enhancing colourfastness properties of reactive dyed
denim fabrics.

Table 1: Colour fastness test results of the denim fabrics untreated and coated with 10-layer TA/OP.

Test ID ID-LBL RD RD-LBL
C.C 4-5 4-5 4 4-5
Acetate 4-5 4-5 4 4-5
Cotton 4-5 4-5 1-2 4-5
Acid Nylon 4-5 4-5 2 4-5
Polyester 4-5 4-5 3-4 4-5
Colourfastness Acrylic 1.5 45 3.4 25
ToPerspiration Wool 25 5 34 a5
EN ISO 105 CC 15 15 7 15
E04 Acetate 4-5 4-5 4 4-5
Cotton 4-5 4-5 1-2 4-5
Alkaline Nylon 4-5 4-5 2-3 4-5
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Polyester 4-5 4-5 3-4 4-5

Acrylic 4-5 4-5 3-4 4-5
Wool 4-5 4-5 3-4 4-5
C.C 4-5 4-5 4 4-5
Acetate 4-5 4-5 4 4-5
Cotton . 4-5 . 4-5 . 2 . 4-5
Colourfastness To Water ~ Nylon 4-5 4-5 1-2 4-5
ENISO 105 E01 Polyester 45 45 3 45
Acrylic 4-5 4-5 3 4-5
Wool 4-5 4-5 2-3 4-5
C.C 4-5 4-5 4 4-5
Acetate 4-5 4-5 4-5 4-5
Colourfastness To Cotton 4-5 4-5 3-4 4-5
Washing Nylon 4-5 4-5 4-5 4-5
BS ENISO 105-C06 Polyester 45 45 45 45
Acrylic 4-5 4-5 4-5 4-5
Wool 4-5 4-5 4-5 4-5
AATCC 8 Crocking Dry 4 4 4-5 4-5
Wet 1-2 1-2 1-2 1-2

The tensile strength and tear strength measurements were carried out for untreated and treated denim
fabrics and % difference of the results were given in Table 2.

Table 2: Tensile strength and tear strength test results of the denim fabric untreated and coated with 10-

layer TA/OP.
Sample Tensile Strength (kgf) Tear Strength (grf)
ASTM 5034 Grabmethod ASTM D 1424

Warp % Dif. Weft % Dif. Warp % Dif. Weft % Dif.
ID 79 - 33 - 5156 - 4309 -
ID-LBL 85 7,59 36 9,09 5267 2,15 4471 3,76
RD 64 - 27 - 4396 - 3273 -
RD-LBL 71 10,93 30 11,11 4570 3,96 3391 3,61

For both tensile and tear strength test results, there are substantial differences on the mechanical
properties of multilayer film coated denim fabrics.

Scanning electron microscopy was used to verify the presence of the deposited multilayers deposited
denim fabrics. Multilayers can be clearly seen on the fiber surfaces in the Figure 1.

TM-1000_0935 x1.5k  S50um

TM-1000_0833

D ID-LBL
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x1.5k  50um

13:56

TM-1000_0340 14:11 ¥2 5k  30um TM-1000_0931

RD RD-LBL
Fig. 1. SEM micrograph of untreated and multilayer film deposited denim fabrics

This study have demonstrate the possibility of using LBL process according to padding application for
denim fabrics surface coatings. For indigo dyed denim fabrics multilayer films of TA/OP solutions
enhanced mechanical properties. But for reactive dyed denim fabrics LBL process can be an
alternative method for enhancing colourfastness and mechanical properties.
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Abstract: Textile wastewater is a big source of aquatic and environmental pollution.
Currently, various physicochemical textile effluent treatments are practiced in the textile industry, but
they have challenges with respect to cost, maintenance, labour management, chemicals usage and
production of additional sludge. The present study was carried out to develop a less expensive, chemical-
free, green and sustainable plant based floating treatment wetlands (FTWs) system augmented with
bacteria to remedy the effluents from textile finishing unit. Two free-floating aquatic plants, Eichhornia
crassipes and Pistia stratiotes, were vegetated to develop FTWs system and its efficacy was studied with
and without inoculating two plant growth-promoting and pollutant- degrading bacteria, Bacillus cereus
and Bacillus subtilis. The worth of this system was analyzed by screening physicochemical
parameters like potential hydrogen (pH), electric conductivity (EC), total dissolved solids (TDS),
total suspended solids (TSS), biological oxygen demand (BOD) and chemical oxygen demand (COD)
of wastewater for hydraulic retention periods of 0, 24, 48 and 72 hours. The pH of the treated
wastewaters was changed from acidic to neutral/alkaline side while a significant reduction was
found in all other physiochemical parameters as per set limits of industrial and municipal
wastewater standards as specified by the National Environmental Quality Standards (NEQS) of Pak
istan and Zero Discharge of Hazardous Chemicals (ZDHC) program.

Key words: Free-floating aquatic plants, Floating wetlands, Textile wastewater, Plant-bacteria
synergy

1. INTRODUCTION

Textile and clothing industry is one of the most important industries of a number of countries in the
world. Besides providing the necessity i.e. clothing to the world population, it is a source of employment,
foreign currency earning and sustained economic development for most of the developing countries.
However, this industry generates about 70 billion tons of wastewater annually [1]. The wastewater of
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textile wet processing units contains a complex mixture of chemicals, dyes, salts, detergents,
softeners, acids, bases and finishing agents [2]. The untreated or partially treated textile effluents badly
affect the flora and fauna if drained to the nearby wastewater or fresh water bodies. This situation is
alarming in the developing countries since they generally do not effectively treat the effluents,
resulting in the contamination of their valuable water resources [3]. The textile effluents, when
discharged directly to the fresh water bodies, result in the depletion of dissolved oxygen causing negative
impact on aquatic life and human health [4]. So the treatment of textile wastewater prior to its
discharge to nearby wastewater or fresh water bodies is highly desired.

Various physical, chemical and biologica 1 methods like filtration, adsorption, sedimentation, floatation,
coagulation, flocculation, oxidation and enzymatic treatments are being applied in textile industry to treat its
effluents. However, all these techniques have some limitations like high operational cost, requirement of
skilled staff and additional waste like sludge that needs further safe disposal [5]. On the contrary, new lines
in environmental sciences have turned the attention of researchers towards exploring eco-friendly, green
and effective ways to treat contaminated water [6]. One of such methods is the application of
floating treatment wetlands (FTWs), which is plant based treatment system called phytoremediation.
In this system, floating plants grow hydroponically on the wastewater body. Plants roots hang down in to the
water column [7] and become the source of both mechanica 1 and biological filtration of pollutants.
Mechanical filtration is carried out by plant roots in the form of sedimentation, adsorption and filtration
while biological filtration is resulted due to bacterial degradation and plants pollutant uptake mechanism [8].
In order to achieve all this, plant roots play significant role like reducing water velocity, attaching
suspended matter on their surface that later on precipitate or adsorb on to the biofilm and results in the
form of degradation of organic pollutants under the bacterial action [9]. Thus the key function of plants in
this system for wastewater treatment is to provide a surface area for microorganisms’
attachment, pollutant uptake, filtration enhancement and releasing oxygen. In addition to wastewater
treatment this system also acts as habitat for wild life above the water surface and aquatic life in the
water column [10], improves aesthetic value of the area [11] and becomes high source of biomass for bio-
energy purposes [12].

FTWs have been conventionally used to treat many kinds of wastewaters like storm water, municipal
wastewater, sewage wastewater and general textile wastewater [2,13,14,15]. However, they showed their
limitation to degrade toxic organic compounds and have low purification efficiency [16]. Many additional
approaches have been proposed to enhance the efficiency of FTWs, out of which inoculation of plant-
growth promoting and pollutant-degrading bacteria proved itself more profic ient [17]. Nevertheless, the
application of FTWs augmented with such bacteria to treat textile-finishing effluents has not been applied
yet. Hence, this research study was conducted with the objective to open new lines for treating textile
effluents in a cost-effective and sustainable way by using plant-microbe interacted FTWs.

2. MATERIAL AND METHODS

2.1 Preparation of finishing wastewater

Textile wastewater was prepared in the laboratory by adding silicon macro emulsion in the tap water at
the rate of 0.1 g/L. Acetic acid was also added in it at the rate of 0.1 g/L for mainta ining the pH of the
solution at 6.75. The concentration of the prepared solution was closely matched to the actual wastewater
of a finishing department of a textile wet processing unit.

2.2 Selection ofplants

The locally available free-floating aquatic plants, Eichhornia crassipes (Water hyacinth) and Pistia
stratiotes (Water lettuce) were selected for the present study. These plants have been used for the
treatment of many types of wastewaters [18,19]. They also grow in abundance in fresh and wastewater
bodies located near Lahore and Faisalabad, where a large number of textile wet processing units are
present. Adult plants were collected from the nearby drains of some of these units and their nursery was
developed in the laboratory.
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2.3 Selection of bacterial strains

The effluent-degradation and plant-growth ability of bacterial strains, Bacillus cereus and Bacillus
subtilis, has been recognized in many research works [20, 11, 21]. These bacterial strains were collected
from the Institute of Soil and Environment Sciences, University of Agriculture, Faisalabad, Pakistan. The
isolation of these bacteria was made by inoculating media plates with soil and then incubating them at 28 + 2
°C for 72 hours. The colony farming units (CFU/g soil) were calculated from each soil sample. The
verification regarding pollutant degrading ability and the polycyclic aromatic hydrocarbon biodegrading
prospective of these bacterial were examined using Bushnell-Haas broth in 24-well plates, while their
plant growth promoting efficacy was verified by testing their ACC-deaminase activity through method
described by Jacobson [22,23].

2.4 Development and testing of FTWs

In order to check the efficacy of the selected plants and bacterial strains for remediation of
wastewater, laboratory scale FTWs systems were developed using nine transparent polyethylene containers
(39 cm x 28 cm x 20 cm). Each container was filled with 10 liter of prepared finishing
wastewater. One such container was used as a control reactor and the other eight as treatment reactors
with the combination of following finishing solutions, plants and bacterial strains:

Control C - Finishing solution only

Treatment T1 — Finishing solution + Eichhornia crassipes plant

Treatment T2 — Finishing solution + Eichhornia crassipes plant + Bacillus cereus bacteria
Treatment T3 — Finishing solution + Eichhornia crassipes plant+ Bacillus subtilis bacteria
Treatment T4 — Finishing solution + Pistia stratiotes plant

Treatment TS — Finishing solution + Pistia stratiotes plant + Bacillus cereus bacteria
Treatment T6 — Finishing solution + Pistia stratiotes plant + Bacillus subtilis bacteria
Treatment T7 — Finishing solution + Bacillus cereus bacteria

Treatment T8 — Finishing solution + Bacillus subtilis bacteria

Five selected plants, having nearly the same mass, were vegetated in each container for treatments TI,
T2, T3, T4, TS5 and T6. The selected bacteria were inoculated in containers for treatments T7 and T8. For
the development of plant-bacteria interaction, the plants were dipped in 500 ml broth of each bacterium
for 40 minutes and then the plants were transferred to the containers for treatments T2, T3, TS, and T6. After
retention times of 0, 24, 48 and 72 hours, 500 ml treated wastewaters were taken from each treatment
container and analyzed for pH, EC, TDS, TSS, BOD, and COD according to the standard procedures [24].
Statistical analysis of the data was made for checking overall significance of the data. Least significant
difference (LSD) test was carried out for individual comparison of mean values for significance level
of p < 0.05. Regression analysis was also conducted to know the effect of retention time on textile effluent.
SAS program version STAT 9.1 of SAS Institute was used for these analyses [25].

3. RESULTS AND DISCUSSION

The effect of wvarious treatments and retention times on the physiochemical parameters of
treated wastewater is given below:
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3.1 Potential Hydrogen (pH)

The pH measurement of polluted water is very important as it affects the nutrients, COD and TSS values of
wetlands and also impacts the bacterial population used for pollutant degradation [26]. The overall mean
values of pH of treated solutions, given in table 1, showed that it had increased from acidic towards neutral
side. More increase in pH was observed for plant-bacteria interactive treatments. Both plants and
bacterial strains showed nearly the same efficiency to move the pH towards alkalinity. However,
Eichhornia plant showed a better efficacy. The change of pH towards alkaline side is attributed to the
consumption of organic acids present in the solution by plants.

The ANOVA for regression (table 2) showed that all the retention times (TM) had significant effects
(0=0.05) on pH of the solution. The developed regression model depicted that retention time inversely
affected the pH values at the rate of 0.005. The high degree of certainty (r*= 0.27) ensured the best
representation of the data observed by the equation 1.

pH = 6.82 + 0.005 x TM (1)

Table 1: Effect of various treatments (T) and retention times (TM) on pH

Treatment pH Mean LSD value
T™M1 TM2 TM3 TM4 At p <0.05
C 6.75 6.77.° 6.77," 6.78.° 6.76, 0.0399
T1 6.75 7.454° 7.60," 7.63," 7.37, 0.061
T2 6.75 7.10,° 7.12,° 7.13,° 7.04, 0.0541
T3 6.75 6.97y° 7.09.° 7.11° 6.99. 0.0723
T4 6.75 7.414° 7.57." 7.60," 7.34, 0.0692
T5 6.75 7.09,° 7.11,° 7.12,° 7.054 0.0603
T6 6.75 6.88,¢ 7.00,° 7.08,> 6.924 0.0692
T7 6.75 6.79.° 6.91,¢ 7.03,% 6.86, 0.0747
T8 6.75 6.76° 6.83,° 6.97,9 6.82¢ 0.0692
Mean 6.75 7.02¢ 7.11° 7.16* 7.02 0.0188
LSD value 0.0654 0.060 0.0657 0.0282
Atp < 0.05

TM1 = 0 hour, TM2 = 24 hour, TM3 = 48 hour, TM4 = 72 hour

Table 2: ANOVA for regression analysis for retention times

Source | DF | Dep. Var. pH | Dep. Var. EC | Dep. Var. Dep. Var. TSS | Dep. Var. BOD |Dep. Var. COD
MS P>F | MS P>F Tllz/[SS P>F | MS P>F MS P>F | MS P>F
Model | 1 2.1889 10.0001 | 0.0905 ]0.0001 | 78409 ]0.0001 |5472.15 |0.0001 | 2760.82 10.0001 | 1118.02 {0.0001
Error | 106 |0.0572 0.0020 1059.37 41.9443 29.076 12.983
Corr 107
Total

3.2 Electrical Conductivity (EC)

The EC of a solution is the best indicator of presence of dissolved ions in it. According to the Natural
Resources Conservation Services (NRCS), water having EC 2 mS/cm is safe for irrigation [27]. The EC
value of treated waters, given in table 3, showed that the overall mean values of EC along the column was
significantly high (0=0.05) at treatment T8 (1.27dS/m) and low at treatment T1 (1.17dS/m). The overall
mean value of EC along the row was high at retention time TM1 (1.27dS/m) and low at retention time
TM4 (1.20dS/m). It is clear from the results that all the treatments decreased the EC value of the solution
when compared with the control treatment. The maximum reduction of 15.50% from 1.29 to 1.09 dS/m
was obtained by treatment T1 for 72 hours retention time (TM4). This reduction in EC might be due to
simultaneous reduction of Na"and K" contents in the finishing solution and the plant.
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Table 3: Effect of various treatments (T) and retention times (TM) on EC

Treatment EC Mean LSD value
TM1 TM2 TM3 TM4 Atp <0.05
C 1.29 1.23,® 1.19,> 1.18;¢ 1.224 0.0588
T1 1.29 1.19,° 1.12¢ 1.09° 1.17¢ 0.0557
T2 1.29 1.25.2 1.21%° 1.19,° 1.23 0.0588
T3 1.29 1.26, 1.24.® 1.23,® 1.254bc 0.0516
T4 1.29 1.23,4% 1.17 1.14¢ 1.20. 0.0685
T5 1.29 1.264° 1.23,,%° 1.21p% 1.25bcq 0.0541
T6 1.29 1.27, 1.25,® 1.24,® 1.264 0.0541
T7 1.29 1.27.2 1.26, 1.252 1.264 0.0516
T8 1.29 1.272 1.27,2 1.26, 1.27, 0.0451
Mean 1.29 1.25° 1.22¢ 1.20¢ 1.23 0.016
LSD value 0.0348 0.0241
At p <0.05 0.0533 0.0672

Analysis of variance (ANOVA) for regression (table 2) showed that the EC was inversely affected by the
retention time at the rate of 0.001. The degree of certainty was found high ("= 0.30) that ensured the best
representation of the data observed by the equation 2.

EC = 127-0.001 x TM @)

3.3 Total Dissolved Solids(TDS)

The TDS is the presence of all organic and inorganic substances in the liquid, which can indicate the
presence of a broad array of chemical contaminants in water. The data given in table 4 indicated a
significant (0=0.05) impact of various treatments and retention times on the TDS value of finishing wastewater.
The highest value of TDS (628 mg/L) was for control treatment C at the initia 1 stage (TM1) while the lowest
one (509 mg/L) was noted for treatment T2 with TM4. After comparing the TDS values of all treatments
with control treatment, a considerable reduction in TDS value (18.95%) was noted for T2 (Eichhornia
crassipes and Bacillus cereus synergism) after 72 hours of retention time. The removal of TDS from
wastewater is attributed to the dense root system of plants in FTWs system. The plants take up nutrients and
other pollutants through their roots. Moreover roots provide habitats for microbe proliferation that boost up
organic pollutants degradation process [28].

The ANOVA for regression (table 2) indicated that all the retention times (TM) had significant effects
(0=0.05) on TDS of the solution. Regression mode 1 deve loped revealed that the time inversely affected
the TDS values at the rate of 1.004. The high degree of certainty ("= 0.41) ensured the best representation of
the data observed by the equation 3.

TDS = 614.68 — 1.004x TM 3)
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Table 4: Effect of various treatments (T) and retention times (TM) on TDS

Treatment TDS Mean LSD value
TM1 T™M2 T™M3 T™M4 Atp < 0.05
C 628 626, 624, 623, 625, 5.160
T1 628 601,,° 5870 579.¢ 599, 9.176
T2 628 531 513" 5092 545, 5.803
T3 628 541,° 521 517 552, 11.721
T4 628 611, 5940 5870 605, 10.567
T5 628 540,° 5237 519, 552, 3.730
T6 628 567¢ 549.° 5274 568; 8.098
T7 628 5779 561 5499 579, 14.796
T8 628 58140 574y 5533 5844 10.525
Mean 628 575 561¢ 551¢ 579 2.825
LSD value 10.64 10.02 7.90 424
Atp < 0.05

3.4 Total Suspended Solids (TSS)

The data presented in table 5 depicted significant effects (0=0.05) of all treatments and retention times
on the TSS. Maximum value of TSS (70 mg/L) was for control treatment C at the initial time TM1 that
reduced to its maximum level (41 mg/L) under treatment T2 for retention time TM4. These results clearly
revealed a remarkable reduction (41.42%) in TSS value of finishing wastewater as compared to control
reactor for Eichhornia crassipes-Bacillus cereus combined treatment (T2) at TM4. The TSS removal is
mainly a physical separation process and is attributed towards filtering, sedimentation and trapping of
suspended solids present in the wastewater by the dense root system of plants hanging down in water
column. The role of bacteria is to enhance these activities by boosting up plant growth.

For knowing the effect of time on TSS, regression analysis was carried out. The ANOVA of
regression for time (table 2) and regression model so developed clearly defined a significant inverse
relation between the time and TSS at the rate of 0.027. The resulted high degree of certainty (r*= 0.55)
stamped the best representation of data observed by the equation 4.

TSS = 6630027 x T™M )

Table 5: Effect of various treatments (T) and retention times (TM) on TSS

Treatment TSS Mean LSD value
T™M1 ™2 T™M3 T™M4 Atp <0.05
C 70 69, 67, 67, 68, 451
T1 70 58,° 53¢ 52.0¢ 58be 4.51
T2 70 54,° 43 413 51, 5.41
T3 70 56,° 45.° 434 534 5.16
T4 70 61° 57y° 54,0 605 7.17
TS 70 58,° 45.° 434 534 5.41
T6 70 58,° 47 % 449 554 6.92
T7 70 56,° 518 49.° 56 5.16
TS 70 57,0° 53p° 50> 57, 5.41
Mean 70 59b 51¢ 494 57 1.61
LSD value 6.59 4.92 4.61 2.415
At p <0.05
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3.5 Biological Oxygen Demand (BOD)

The biological or biochemical oxygen demand (BOD) is a key indicator of presence of organic pollutants
in wastewater. The BOD value of contaminated water reflects the amount of oxygen required by aerobic
biological organisms to degrade organic materials present in the wastewater. The comparison of
individual means of BOD values of finishing wastewater is given in table 6. It showed that the maximum
BOD value of finishing solution (72 mg/L) was at the start of the experiment for control treatment (C)
that was reduced significantly with the passage of time under various treatments and minimum value of
BOD (47 mg/L) was noted for treatment T2 (Eichhornia crassipes + Bacillus cereus) after retention time
TM4. After making comparison between the maximum and minimum values, a considerable reduction
(34.72%) was observed for T2 at TM4. All this reflected better performance of plant-bacteria partnership
for reducing BOD value of the wastewater. This decrease in BOD under plant-bacteria interaction has
already been acknowledged because of supply of oxygen by plants to the system through their
photosynthesis process. When more oxygen is available in the form of dissolved oxygen (DO) in water, it
increases the organic pollutant degradation due to oxidation reaction resulting decrease in the value of
BOD of wastewater, while the presence of bacteria in the system enhances this mechanism by promoting
plant growth. Besides this, the bacteria itself decomposes and transform organic pollutants in wastewater
[29].

In order to measure the impact of retention time on BOD value, regression analysis was applied (table 2),
which disclosed significant effects (¢=0.05) of time on it. The regression model so developed determined
an inverse relationship between the retention time and BOD value at the rate of 0.19. The value of degree
of certainty was found high (1" = 0.47) that guaranteed the best representation of data observed by the
equation 5.

BOD = 71.92-0.19x TM ©)

Table 6: Effect of various treatments (T) and retention times (TM) on BOD

Treatment BOD Mean LSD value
TM1 T™2 TM3 TM4 Atp < 0.05
C 72 72 712 68,° 71, 5.16
T1 72 67 2™ 65,°° 654° 67 5.16
T2 72 64" 51 47° 58, 5.41
T3 72 67, 55, 51,% 61¢ 5.16
T4 72 69,,™ 67, 664 6946 3.99
T5 72 67, 59,% 53, 63t 6.92
T6 72 69, 61,5 55, 64 e 7.59
T7 72 70,2 64,0 59, 66c4 431
TS 72 70 66p,2° 63, 68hc 5.41
Mean 72 68° 62° 594 65 1.60
LSD value 5.08 5.89 5.45 2.41
Atp<0.05

3.6 Chemical Oxygen Demand(COD)

The COD value of wastewater is also an important organic pollutant indicator present in it. The COD
measurement reflects the consumption of oxygen to chemically oxidize organic contaminants of
wastewater to inorganic end products. The comparison of mean values of COD for various treatments and
retention times is presented in table 7. The COD value of finishing solution for control treatment (C) was
119 mg/L at TMI1, which was decreased for each treatment with increasing time. However, the
maximum reduction in COD value (11.76%) of finishing solution was found for treatment T2 after
maximum retention time of 72 hours. This indicated the better efficacy of Eichhornia crassipes plant
to degrade pollutants in textile finishing wastewater with the partnership of pollutant degrading and plant
growth promoting bacteria Bacillus cereus with increasing retention time. The COD removal in this plant-
microbial augmented FTWs system is linked with the filtration process of organic particulates by the
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dense roots of plants and enhanced chemical processes in the system. The COD reduction can also

be explained by higher rates of potential nitrification by hydrophytes in wastewater [14].

For analyzing the effect of time on the COD value of wastewater, regression analysis was carried out. The
ANOVA for regression (table 2) indicated a significant (6=0.05) inverse relation between the time and COD
value. Time affected inversely the COD value at the rate of 0.12. The high degree of certainty (r* =
0.45) ensured the best representation of the data observed by the equation 6.

COD = 118.066—-0.12x TM (6)

Table 7: Effect of various treatments (T) and retention times (TM) on COD

Treatment COD Mean LSD value
TM1 T™2 T™3 TM4 Atp <0.05
C 119 1182 1182 116, 118 451
T1 119 113, 110y° 109, 113, 5.16
T2 119 109,° 1059 105,° 109, 5.16
T3 119 113, 109,59 107,54 1124 3.99
T4 119 115, 111, 111, 114, 5.16
T5 119 1164 ITTC 109,54 1144 5.88
T6 119 114, 111, 110,29 114 5.16
T7 119 1164 113, 112, 115, 5.16
T8 119 117 115, 113, 116y 5.80
Mean 119 115° 111¢ 110° 114 1.48
LSD value 6.02 427 3.75 2.22
Atp < 0.05

3.7 Comparison of results with NEQS and ZDHC standards

The best values of pH, EC, TDS, TSS, BOD and COD, obtained in the present study, were compared with
the industrial and municipal wastewater quality standards set by NEQS and ZDHC. All the parameters
were found within the set limit (table 8), demonstrating the considerable efficacy of this technology to
clean textile effluents and making it safe according to NEQS and ZDHC standards to be discharged to
nearby drains.

Table 8: Comparison of study’s best results with NEQS and ZDHC standards

For T2 and TM4 Units NEQS ZDHC
Textile effluent properties standards
Finishing solution
pH 7.13+£0.012 - 6-10 6-9
EC 1.19 + 0.006 dS/m - -
TDS 509 +1.734 mg/L 3500 -
TSS 41 £1.156 mg/L 150 30-150
BOD 47 +£1.156 mg/L 80 30-150
COD 105 £0.578 mg/L 150 40-400

T2 = treatment reactor containing Eichhornia crassipes and Bacillus cereus, TM4 = 72 hours retention time,
the values in + are the standarderrors
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3.8 Effects on plant growth

The plant growth analysis was made by visually observing the physical appearance of plants in respect
of emerging and growth of new roots and leaves. It was observed that Eichhornia crassipes showed
better growth as compared to Pistia stratiotes after 72 hours. It was therefore concluded that
Eichhornia crassipes plant had better potential to survive and grow in textile wastewater, which can be a
better choice for textile effluents remediation using FTWSs technology.

4. CONCLUSIONS

Free-floating aquatic plants based FTWs showed better performance regarding pollutant removal from
textile finishing wastewater for all measured parameters when compared with the control reactor. The
efficacy of this system was found to be more effective in the presence of pollutant-degrading and plant-
growth promoting bacteria. A sizeable reduction in all parameters, 15.50%, 18.95%, 41.42%, 34.72%
and 11.76 % in EC, TDS, TSS, BOD and COD respectively, was observed. The pH of the treated
wastewater was changed from acidic to neutral/alkaline state. All the values of pollutants indicating
parameters of treated wastewater were found within the set limits of industrial and municipal
wastewater standards specified by NEQS and ZDHC. Hence the present study marked the free-floating
aquatic plants based FTWs augmented with plant-growth promoting and pollutant-degrading bacteria as
an efficient tool to remedy wastewater from textile finishing industry. Among the selected plants and
bacteria, Eichhornia crassipes in synergism with Bacillus cereus showed better potential for pollutants
degradation of finishing effluents. Furthermore, the use of free-floating aquatic plants in the system
limited the magnitude of infrastructure involvement and made the system more economical and
sustainable for field s scale application, especially the small scale industry of the developing countries.
Hence this technique can be a desirable, green and eco-friendly alternative to the existing costly and
complicated methods for textile effluents treatment.

REFERENCES

[1] Moga, I.C., Ardelean, 1., Petrescu, G., Craciun, N and Popa, R. (2018). The potential of biofilms from moving
bed bioreactors to increase the efficiency of textile industry wastewater treatment, Industria Textila, 69(4), pp.
412-418.

[2] Tara, N., Arslan, M., Hussain, Z., Igbal, M., Khan, Q.M and Afzal, M. (2019). On-site performance of floating
treatment wetland macrocosms augmented with dye-degrading bacteria for the remediation of textile industry
wastewater, Journal of Cleaner Production, 217, pp. 541-548.

[3] Khandare, R., Kabra, A., Kada m, A and Govindwar, S. (2013). Treatment of dye containing wastewaters by a
developed lab scale phytoreactor and enhancement of its efficacy by bacterial augmentation, International
Biodeterioration and Biodegradation, 78, pp. 89-97.

[4] Haydar, S and Ba ri, A. (2011). Characterization and study of correlations among major pollution parameters in
textile wastewater, Mehran University Research Journal of Engineering and Technology, 30(4), pp. 577-582.

[5] Kurade, M.B., Waghmode, T.R., Khandare, R.V., Jeon, B.H and Govindwar, S.P. (2016). Biodegradation and
detoxification of textile dye Disperse Red 54 by Brevibacillus laterosporus and determination of its metabolic fate,
Journal of Bioscience and Bioengineering, 121(4), pp. 442-449.

[6] Greenway, M. (2017). Storm water wetlands for the enhancement of environmental ecosystem services: case studies
for two retrofit wetlands in Brisbane, Australia, Journal of Cleaner Production, 163, pp. S91-S100.

[71 Wu, H., Zhang, J., Ngo, H.H., Guo, W and Liang, S. (2017). Evaluating the sustainability of free water surface flow
constructed wetlands: methane and nitrous oxide emissions, Journal of Cleaner Production, 147, pp. 152-156.

122



[8] Zhang, L., Zhao,L.J., Cui, LN, Dai, L.Y., Kong, L., Wu, I.J and Cheng, S. (2016). Enhancing the water purification
efficiency of a floating treatment wetland using a bio film carrier, Environmental Science and Pollution Research,
23(8), pp. 7437-7443.

[9] Prajapati, M., Bruggen, J.J.A.van., Dalu, T and Malla, R. (2017). Assessing the effectiveness of pollutant removal by
macrophytes in a floating wetland for wastewater treatment, Applied Water Science, 7(8), pp. 4801-4809.

[10] Faulwetter, J., Burr, M., Cunningham, A., Stewart, F., Camper, A and Stein, O. (2011). Floating treatment wetlands

for domestic wastewater treatment, Water Science and Technology, 64(10), pp. 2089-2095.

[11] Lja z, A., Shabir, G., Khan, Q.M and Afzal, M. (2015). Enhanced remediation of sewage effluent by endophyte-
assisted floating treatment wetlands, Ecological Engineering, 84, pp. 58-66.

[12] Shahid, M.J., Arslan, M., Ali, S., Siddique, M and Afzal, M. (2018). Floating Wetlands: A Sustainable Tool for
Waste water treatment, Clean Soil Air Water, 46 (10), pp. 1-13.

[13] Headley, T., Tanner, C.C and Council, A.R. (2008). Application of Floating Wetlands for
Enhanced Stormwater Treatment: A Review for Auckland Regional Council, Auckland Regional Council
Technical publication TP324, Hamilton, p. 93. www.arc.govt.nz/plans/technical-publications/ technical-
publications-301- 350.cfm.

[14] Sirage, A. A., Lens, P.N.P and Bruggen, J.J.A.H.V. (2017). Purifying Municipal Wastewater Using Floating
Treatment Wetlands: Free Floating and Emergent Macrophytes, Advances in Recycling and Waste Management, 2,
pp- 1-7.

[15] Todd, J., Brown, E.J and Wells, E. (2003). Ecological design applied, Ecological Engineering, 20(5), pp.421-440.

[16] Arslan, M., Imran, A., Khan, Q.M and Afzal, M. (2017). Plant-bacteria partnerships for the remediation of
persistent organic pollutants, Environmental Science and Pollution Research, 24(5), pp. 4322-4336.

[17] Saleem, H., Rehman, K., Arslan, M and Afzal, M. (2018). Enhanced degradation of phenol in floating treatment
wetlands by plant-bacterial synergism, International Journal of Phytoremediation, 20(7), pp. 692-698.

[18] Akinbile, C.O and Yusoff, M.S. (2012). Assessing water hyacinth (Eichhornia crassipes) and Lettuce (Pistia
stratiotes) effectiveness in aquaculture wastewater treatment, International Journal of Phytoremediation, 14(3), pp.
201-211.

[19] Valipour, A., Raman, V.K and Ahn, Y.H. (2015). Effectiveness of Domestic Wastewater Treatment Using a Bio-
Hedge Water Hyacinth Wetland System, Water, 7(1), pp. 329-347.

[20] Porwal, H., Mane, A and Velhal, S. (2015). Biodegradation of dairy effluent by using microbial isolates obtained
from activated sludge, Water Resources and Industry, 9, pp. 1-15.

[21] Asghar, H.N., Rafique, H.M., Khan, M.Y and Zahir, Z.A. (2017). Phytoremediation of Light Crude Oil by Maize
(Zea mays L.) Bio-Augmented with Plant Growth Promoting Bacteria, Soil and Sediment Contamination, 26(7-8),
pp. 749-763.

[22] Hanson, K.G., Desai, J.D and Desai, A.J. (1993. A rapid and simple screening technique for potential crude oil
degrading microorganisms, Biotechnology Techniques, 7(10), pp. 745-748.

[23] Jacobson, C. B., Pasternak, J. J and Glick, B.R. (1994). Partial purification and characterization of 1-
1-aminocyclopropane-1-carboxylate deaminase from the plant growth promoting rhizobacterium Pseudomonas
putida GR12-2, Candian Journal of Microbiology, 40(12), pp. 1019-1025.

[24] APHA. (2005). Standard Methods for the Examination of Water and Wastewater, 20th edition, American Public
Health Association, Wahington, DC.

[25] Clark, V. (2004). SAS/STAT 9.1, In: User's Guide, North Carolina, SAS institute Inc. Cary. NC. USA.

[26] Paing, J., Guilbert, A., Gagnon, V and Chazarenc, F. (2015). Effect of climate, wastewater composition, loading rates,
system age and design on performances of French vertical flow constructed wetlands: a survey based on 169 full scale
systems, Ecological Engineering, 80, pp. 46—52.

[27] NRCS (Natural Resources Conservation Service). (1999). National Engineering Handbook Part 651, Agricultural
Waste Management, Field Handbook. US Department of Agriculture, Washington, DC, USA.

123


http://www.arc.govt.nz/plans/technical-publications/

[28] Abou-Elela, S.I., Elekhnawy, M.A., Khlil, M.T and Hellal, M.S. (2017). Factors affecting the performance of
horizontal flow constructed treatment wetland vegetated with cyperus papyrus for municipal wastewater treatment,
International journal of phytoremediation, 19(11), pp. 1023-1028.

[29] Tjaz, A., Igbal, Z and Afzal, M. (2016). Remediation of sewage and industrial effluent using bacterially assisted
floating treatment wetlands vegetated with Typha domingensis, Water Science &  Technology, 74(9),
pp. 2192-2201.

124



INTERNATIONAL CONFERENCE
- y - ”‘r 7 /‘ X~
=7 AN =1 I | 7 L.

October 24 - 25, 2019 Bucharest, Romania

THE TEARING STRENGTH ANALYSIS OF DENIM FABRICS WITH
DIFFERENT WEFT YARN TYPE AND WEFT YARN LAYOUT
DOL: 10.35530/TT.2019.27

Miinevver ERTEK AVCI', Esin SARIOGLU?, Gizem KARAKAN GUNAYDIN?

! Calik Denim Textile Industry and Trade Inc. Research and Development Center, Malatya, Turkey,
E-Mail: Munevver.ErtekAvci@calikdenim.com

2 Gaziantep University, Faculty of Fine Arts, Department of Fashion and Textile Design, Gaziantep, Turkey,
E-Mail: sarioglu@gantep.edu.tr

3 Pamukkale University, Buldan Vocational School, Fashion&Design Programme, Denizli, Turkey,
E-Mail: ggunaydin@pau.edu.tr

Corresponding author: Gizem, Karakan Giinaydin, E-mail: ggunaydin@pau.edu.tr

Abstract: Denim fabrics which are highly demanded products among the world have high consumption rate in
the textile market. Those fabrics may be utilized for different purposes. Durability, elasticity, wearing
resistance are the important expected properties from denim fabrics. Tearing resistance of denim fabrics in use is
another parameter that should be considered. This study includes the investigation of tearing properties of
denim fabrics produced from single core (Polyethylene terephthalate/Polytrimethylene terephthalate (PET/PTT)
bicomponent filament and elastane) and dual core (PET/PTT+elastane feeding simultaneously) spun yarns
utilized as weft yarns. Denim fabrics with different layout of these weft yarns with uncovered PET/PTT
bicomponent filament were produced in order to compare the tearing strength properties in warp and weft wise.
Results revealed that highest tearing strength of weft wise was obtained from denim fabrics at 2F:2CY layout
where two uncovered PET/PTT bicomponent filament and two PET/PTT bicomponent filament+elastane dual
core-spun yarn were used consecutively in the layouts. The lowest tearing strength was found among the denim
fabrics at 1F:6CY layout where one uncovered PET/PTT bicomponent filament and six PET/PTT bicomponent
filament+elastane dual core-spun yarns were used consecutively in the layouts. According to statistical
evaluation; Weft yarn type, weft yarn layout and their interaction in the fabric were found to having significant
effects on tearing strength for both warp and weft direction of denim fabric at significance level of 0.05.

Key words: dual core-spun yarn, PET/PTT bicomponent filament, denim, tearing strength.
1. INTRODUCTION

Durability and service life are important parameters beside the comfort properties in denim
industry where elastic core-spun yarns are mostly consumed. In the context of slow fashion
trend, promoting and recommending the consumption of sustainable and long-lasting quality
textile products has resulted with the production of functional products that meet both performance
and comfort expectations. Today, it is possible to enhance functional properties to the yarn by using
different materials in the yarn core. Even by using two different core materials, the elasticity
properties of the fabrics may be improved and the durability can be increased at the same time.
This type of yarn structure is called as “multicomponent (dual) core spun yarn”. There are many
studies related to dual core-spun yarns with different core material [1-6]. Combination of PET/
PTT filament with elastane fiber is the most popular dual core material in multicomponent core spun
yarns. This study aims to investigate the effect of core-spun weft yarn type with different core material
(elastane core, PET/PTT bicomponent filament+elastane core and PET/PTT bicomponent filament
core) and the effect of layout of the weft yarn in the fabric on tearing strength of denim fabric.
Results were statistically evaluated by using SPSS package program. Analysis of variance test was
achieved at 95% confidence interval.
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2. MATERIALS AND METHOD

In this study, single and dual core materials wrapped by cotton fiber were used in order to produce ring
core-spun yarn. Cotton fiber used as a sheath fiber in yarn production had 4.8 micronaire filament
fineness, 29.33 mm fiber length, 30.6 g/tex strength and 5.6% elongation. Invista spandex with 78
dtex linear density was used as elastane material. Furthermore, PET/PTT bicomponent filament with
55 linear density core material was chosen in the production of the dual core-spun yarn. In addition,
uncovered PET/PTT bicomponent filament with 165 dtex linear density was utilized in the
different weft layouts with core-spun yarn samples. Properties of PET/PTT bicomponent filaments
used for core-spun yarn and uncovered PET/PTT bicomponent filament used for denim fabric
production are revealed in Table 1.

Table 1. Properties of PET/PTT bicomponent filaments used for core-spun yarn and denim fabric

Core-spun yarn Denim fabric
Properties PET/PTT bicomponent PET/PTT bicomponent
filament filament

Linear density (dtex) 55 165

Number of filaments 7 68

Strength (gf/den) 4 4
Elongation (%) 17 22

Potential crimp (%) 63 67

Core-spun yarn production at modified ring spinning frame is shown in Figure 1. It is possible
to produce single core-spun yarns (elastane and PET/PTT bicomponent filament core) and dual core-
spun yarns on the same machine with some modification of the machine. For dual core-spun yarn
production, an extra creel loading and feeding mechanism should be added. Hereby, the combining of
two core materials can be achieved at the nip point of the drafting system by means of v-

grooved roller (Figure 1). Core-spun yarn production parameters are given in Table 2.

Filament
package

core or PTT/PET

— Positive bicomponent filament

feed roller

Elastane
package

Roving Sheath fiber
— Feeding roller

(V-grooved roller)

Drafting

unit Elastane core

5 - PET/PTT
pun yarn bicomponent
= filament core
Traveller ‘ Sheath fiber
Ring

(b) dual core

Madified ring spinning frame

Core-spun yarn structure

Fig. 1. Schematic representation single (a) and dual (b) core-spun yarn production and view of single
and dual core-spun yarn structure
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Table 2: Core-spun yarn production parameters

PET/PTT bicomponent PET/PTT Elastane
Core-spun yarn type/ filament+elastane dual | bicomponent filament core-spun
Production parameters core-spun yarn core-spun yarn yarn
Roving count (Ne) 0.70 0.70 0.70
Yarn count (Ne) 18 18 18
Elastane draft ratio 3.62 - 3.62
PET/PTT bicomponent filament draft ratio 1.08 1.08 -
Twist (tpm) 760 760 760
Spindle speed (rpm) 12.160 12.160 12.160

Three different core-spun yarn samples were obtained and these yarns were used as weft to
produce denim fabric. Here, weft yarn layout in the denim fabric structure is given in Table 3 and a
representation of weft yarn layout is shown in Figure 2.

Table 3: Weft yarn layout in the denim fabric
Weft yarn layout Abbreviation
1 uncovered F+2 PET/PTT bicomponent filament core-spun yarn
1 uncovered F+2 PET/PTT bicomponent filament+spandex dual core-spun yarn 1F:2CY
1 uncovered F+2 Elastane core-spun yarn
1 uncovered F+4 PET/PTT bicomponent filament core-spun yarn
1 uncovered F+4 PET/PTT bicomponent filament+spandex dual core-spun yarn 1F:4CY
1 uncovered F+4 Elastane core-spun yarn
1 uncovered F+6 PET/PTT bicomponent filament core-spun yarn
1 uncovered F+6 PET/PTT bicomponent filament +spandex dual core-spun yarn 1F:6CY
9 | 1 uncovered F+6 Elastane core-spun yarn
10 | 2 uncovered F+2 PET/PTT bicomponent filament core-spun yarn
11 | 2 uncovered F+2 PET/PTT bicomponent filament +spandex dual core-spun yarn 2F:2CY
12 | 2 uncovered F+2 Elastane core-spun yarn
13 | 2 uncovered F+4 PET/PTT bicomponent filament core-spun yarn
14 | 2 uncovered F+4 PET/PTT bicomponent filament +spandex dual core-spun yarn 2F:4CY
15 | 2 uncovered F+4 Elastane core-spun yarn
16 | 2 uncovered F+6 PET/PTT bicomponent filament core-spun yarn
17 | 2 uncovered F+6 PET/PTT bicomponent filament+spandex dual core-spun yarn 2F:6CY
18 | 2 uncovered F+6 Elastane core-spun yarn

Z
o

R[N AW N =

Fig. 2. lllustration of denim fabric sample at 2F:6CY weft yarn layout; F':
uncovered PET/PTT bicomponent filament, CY:core-spun yarn

In the production of denim fabrics, Ne 14/1 100% cotton ring spun yarn was used as warp and dyed in
Slasher before weaving. Twill 3/1 fabric construction was chosen since it is the most commonly used
weaving pattern in denim fabric. Denim fabric weaving was achieved by Picanol brand weaving machine
with 550 m/min machine speed. After weaving, fabrics were processed with fabric face singeing and
standard finishing treatments. Warp and weft sett, fabric weight of denim fabrics were determined according
to BSEN 1049-2 and ISO 3801 standards respectively. Tearing strength test was performed according to TS EN
ISO 13937-1 standard by the help of Elmatear test device. Test results were statistically evaluated in order to
determine the effect of
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weft yarn type and layout of weft yarn in denim fabric on tearing strength of denim fabrics at 95%
confidence interval using SPSS package program.

3. RESULT AND DISCUSSION

Table 4 illustrates the structural properties of denim fabrics. Figure 3 and 4 indicate warp and weft
wise tearing strength test results of denim fabrics, respectively.

Table 4: Structural properties of denim fabrics

. Weft Warp sett Weft sett Weight
No | Core Material layout (endsl;cm) (picks/cm) (g/r%lz)
1 | PET/PTT bicomponent filament 36.6 21.8 249.2
2 | PET/PTT bicomponent filament+elastane 1F:2CY 44.0 224 298.6
3 | Elastane 422 22.6 301.8
4 | PET/PTT bicomponent filament 36.4 21.2 257.6
5 | PET/PTT bicomponent filament+elastane 1F:4CY 42.6 22.0 287.2
6 | Elastane 42.0 21.8 296.8
7 | PET/PTT bicomponent filament 36.2 214 251.6
8 | PET/PTT bicomponent filament+elastane 1F:6CY 42.0 21.8 304.6
9 | Elastane 414 21.6 296.4
10 | PET/PTT bicomponent filament 37.6 222 258.4
11 | PET/PTT bicomponent filament+elastane 2F:2CY 43.0 20.0 298.0
12 | Elastane 43.8 224 292.2
13 | PET/PTT bicomponent filament 36.6 21.0 244.0
14 | PET/PTT bicomponent filament+elastane 2F:4CY 412 21.0 277.8
15 | Elastane 42.4 214 278.8
16 | PET/PTT bicomponent filament 36.6 20.8 244.6
17 | PET/PTT bicomponent filament+elastane 2F:6CY 422 21.2 288.8
18 | Elastane 42.6 21.2 281.8

5.000]

I filament +

yarn
[T Elastane core-spun yarn

5.000
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Weft Yarn Layout
Error Bars: 95% CI

Fig. 3. Warp wise tearing strength

According to Figure 3, among the fabric groups having 1 uncovered PET/PTT bicomponent
filament with different weft layouts; Tearing strength of denims with PET/PTT
bicomponent filament core-spun yarn decreases as the number of core-spun yarn in the layout
increases from 2 to 6. This may be due to the reduction of total ratio of uncovered PET/PTT
bicomponent filaments with high tensile strength along the fabric. It can be concluded that weft
yarn parameter cannot directly influence tearing properties of denim fabrics in warp wise.
Considering the denim fabrics having 2 uncovered PET/PTT bicomponent filaments with different
weft layouts; A decreasing trend was observed for the warp tearing strength as the number
of PET/PTT bicomponent filament core-spun yarn in the layout increases from 2 to 6. The
maximum tearing strength was obtained from denim fabric with 2F:2CY  PET/PTT
bicomponent filament core-spun yarn. On the other hand, there is not a general trend for
warp wise tearing strength of denim fabrics made of PET/PTT bicomponent filament
+elastane dual core spun yarns and also for tearing strength of denim fabrics made of elastane core spun yarns
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Fig. 4. Weft wise tearing strength

Figure 4 represents the weft wise tearing strength of denim fabrics with different weft yarn types and
weft yarn layout. Denim fabrics with 1 and 2 uncovered PET/PTT filaments both revealed a
decreasing trend as the number of PET/PTT bicomponent filament core-spun yarn increased
from 2 to 6 in each layout. Additionally, denim fabrics with 2 uncovered bicomponent
filaments in the layout indicated higher tearing strength in weft wise compared to those having 1
uncovered bicomponent filament in the layout. This may be attributed to high tensile strength of
uncovered PET/PTT bicomponent filament. Similar trend was observed among the denim fabrics
with elastane core spun yarns. Denim fabrics with elastane core spun yarns generally revealed the
lowest weft tearing strength compared to those with PET/PTT bicomponent filament core spun yarn
and those with PET/PTT bicomponent filament + elastane dual core spun yarns at each layout except
for the weft layout of 2F: 4CY. Highest tearing strength in weft wise was obtained from the
denim fabrics having 2 uncovered PET/PTT bicomponent filaments with PET/PTT bicomponent
filament+elastane dual core-spun yarn at 2F:2CY layout.

In order to analyze the effect of weft yarn type and weft yarn layout, completely randomized two-factor
analysis of variance (ANOVA) test was conducted. Analysis of variance test results is
given in Table 5. Regarding the effect of weft yarn type and weft yarn layout parameters on the
tearing strength of denim fabrics, both parameters were found to be statistically significant at
significant level of 0.05. Besides, the interactions of these parameters were also determined to have a
statistically significant effect on tearing strength (p<0.05).

Table 5: Analysis of variance test results for denim fabric warp and weft wise tearing strength

Source Dependent Variable Ss;urgr(;: df | Mean Square F Sig.

Weft Yarn Warp wise tearing strength (gf) 137020.867 | 2 68510.433 8.252 | 0.001*

type Weft wise tearing strength (gf) | 1650052.422 | 2 825026.211 52.090 | 0.000*

Weft yarn Warp wise tearing strength (gf) | 3197209.600 | 5 639441.920 77.019 | 0.000*

layout Weft wise tearing strength (gf) 8553768.189 | 5 1710753.638 108.013 | 0.000*

Weft yarn type * | Warp wise tearing strength (gf) | 1330143.933 0| 133014.393 16.021 | 0.000%

Weft yarn layout| Weft wise tearing strength (gf) | 1983821.311 0| 198382.131 12.525 | 0.000%
a. R Squared = 0.886 (Adjusted R Squared = 0.860)
b. R Squared = 0.914 (Adjusted R Squared = 0.894)

Table 6: The results of Student-Newman-Keuls multiple comparisons test of warp
wise tearing strength of denim fabrics with respect to weft yarn type (The error term is
Mean Square(Error)=8302.389. a. Uses Harmonic Mean Sample Size = 30. b. Alpha =

0.05)

'Weft yarn type N 1 Subset ;
PET/PTT bicomponent core-spun yarn 30 5343.93

PET/PTT bicomponent filament+elastane dual core-spun yarn | 30 5414.37
Elastane core-spun yarn 30 5435.10
Sig. 1.000 0.381
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Table 7: The results of Student-Newman-Keuls multiple comparisons test of weft wise tearing
strength of denim fabrics with respect to weft yarn type (The error term is Mean Square(Error)=
15838.372. a. Uses Harmonic Mean Sample Size = 30. b. Alpha = 0.05)

Subset
Weft yarn type N 1 2 3
Elastane core-spun yarn 30 5283.87
PET/PTT bicomponent filament+elastane dual core-spun yarn| 30 5450.43
PET/PTT bicomponent core-spun yarn 30 5615.53
Sig. 1.000 1.000 1.000

Student-Newman-Keuls test results of multiple comparisons of the warp and weft wise tearing strength
of denim fabrics with respect to weft yarn type are illustrated in Table 6 and 7, respectively. According
to Table 6, it was found that warp wise tearing strength of denim fabrics made from PET/PTT
bicomponent core-spun yarn is significantly different from warp wise tearing strength of denim
fabrics made of other two core-spun yarn types. In addition, there is no difference between the
warp wise tearing strength of denim fabrics with PET/PTT bicomponent filament+elastane dual core
spun and elastane core-spun yarn at 0.05 significant level. In Table 7, minimum and maximum tearing
strength were obtained from denim fabrics with elastane core-spun yarns and PET/PTT bicomponent
core-spun yarns, respectively. And, it was determined that all subgroups were different from each other
at 0.05 significance level.

Table 8: The results of Student-Newman-Keuls multiple
comparisons test of warp wise tearing strength of denim
fabrics with respect to weft yarn layout (The error term
is Mean Square(Error)=8302.389. a. Uses Harmonic Mean
Sample Size = 15. b. Alpha =0.05)

Subset
Weft yarn layout N 1 2 3
1F:6CY 15 5202.00
2F:6CY 15 5313.60
2F:4CY 15 5324.53
1F:4CY 15 5349.33
1F:2CY 15 5399.53
2F:2CY 15 5797.80
Sig. 1.000 0.056 1.000

Table 8 indicates the results of Student-Newman-Keuls multiple comparisons test of warp wise tearing
strength of denim fabrics with respect to weft yarn layout. According to Table 8; Maximum warp wise
tearing strength of denim fabrics was provided from 2F:2CY weft layout. Moreover, 1F:6CY weft
yarn layout denim fabrics were found to have lowest warp wise tearing strength. It was also determined
that there is no significant difference between the warp wise tearing strength of denim fabrics at weft
layouts of 2F:6CY, 2F:4CY, 1F:4CY and 1F:2CY.

Table 9 shows the results of Student-Newman-Keuls multiple comparisons test of weft wise tearing
strength of denim fabrics with respect to weft yarn layout. Considering the weft wise tearing strength
of denim fabrics with respect to weft yarn layout, it is clearly seen in Table 9 that 1 F coded weft
layouts were found to have lower values than 2F coded ones for the same number of core-spun yarn in
the layout. It is observed that there is a significant difference between the tear strength of the weft
layouts with the same number of core spun yarn but with different number of uncovered PET/PTT
bicomponent filament in the layout. However, the weft layouts of 1F:4CY and 2F:4CY were observed
under the same subset at significance level of 0.05.
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Table 9: The results of Student-Newman-Keuls multiple comparisons test of weft wise
tearing strength of denim fabrics with respect to weft yarn layout (The error term is
Mean Square(Error)= 15838.372. a. Uses Harmonic Mean Sample Size = 30. b. Alpha

=0.05)
Subset
Weft yarn layout N 1 2 3 3 5
1F:6CY 15 4978.00
2F:6CY 15 5237.67
1F:4CY 15 5445.07
2F:4CY 15 5473.67
1F:2CY 15 5582.00
2F:2CY 15 5983.27
Sig. 1.000 1.000 0.536 1.000 1.000

4. CONCLUSION

Denim fabrics are highly demanded fabrics in textile industry. It is possible to improve
mechanical properties beside the aesthetic properties with the help of using new yarn structures. Dual
core spun yarns may be utilized in denim fabrics for providing the elasticity and the durability
properties at the same time. This study has been conducted to investigate the effect of weft layout and
weft yarn type on tearing strength properties of denim fabrics. According to experimental test results
and statistical analyses; Weft yarn type and weft yarn layout as well as their interaction; Warp
yarn type and warp yarn layout as well as their interaction were influential factors on warp
and weft wise tearing strength of denim fabrics respectively at significance level of 0.05. Considering
the effect of weft yarn type; Denim fabrics with PET/PTT bicomponent core-spun yarn and denim
fabrics with elastane core-spun yarns provided higher weft and warp wise tearing strength
respectively. Regarding the effect of weft layout; Denim fabrics with 2F:2CY indicated the highest
warp tearing strength and weft tearing strength. Fabrics with PET/PTT bicomponent core-spun yarn
indicated the maximum warp wise tearing strength while fabrics with PET/PTT elastane dual core-
spun yarn revealed the maximum weft wise tearing strength among the fabrics at 2F: 2CY weft
layout. When the contribution of the uncovered PET/PTT bicomponent filament to the tearing
strength is evaluated; It may be also concluded that tearing strength in warp and weft wise generally
increased as the number of PET/PTT bicomponent filament increased in the layout due to its tensile
strength. Investigation of the correlations between weft layout of the core-spun yarns and the fabric
comfort properties such as air permeability, water vapor permeability, and thermal conductivity
may be suggested for the next studies.

ACKNOWLEDGEMENT

Authors would like to thank Calik Denim Textile Industry and Trade Inc. Research and Development
Center for their support to the production of core-spun yarns and denim fabrics.

REFERENCES

[1] Hua. T., Wong. N.S. and Tang. W.M. (2018). Study on properties of elastic core-spun yarns containing a
mix of spandex and pet/ptt bi-component filament as core. Textile Research Journal. 88(9), pp.1065-1076.

[2] Tirksoy, H.G. and Yildirim, N. (2018). Effect of process variables on the properties of dual-core yarns
containing wool/elastane. Industria Textila. 69(5), pp.352-356.

[3] Bedez Ute T. (2019). Analysis of mechanical and dimensional properties of the denim fabrics produced
with double-core and core-spun weft yarns with different weft densities. Journal of the Textile Institute. 110(2),
pp.179-185.

[4] Babaarslan, O., Sarioglu, E., Celik H.1. and Ertek Avci, M. (2019). Denim fabrics woven with dual core- spun
yarns. Engineered Fabrics. Ed:Mukesh Kumar Singh, IntechOpen. Chapter 2, 19-39D,0I: 10.5772/
intechopen.80286.

[5] Ertas, O.B., Unal, B.Z. and Celik, N. (2016). Analyzing the effect of the elastane-containing dual-core weft
yarn density on the denim fabric performance properties. The Journal of the Telxntsilteitute. 107(1),
pp.116-126.

[6] Tiirksoy, H.G. and Ustiindag, S. (2015). Elastic hybrid yarns for denim fabrics. Industria Textila. 66 (5),
pp-306-313.

131



INTERNATIONAL CONFERENCE
— _ ey B “'/-"
= 74 5 B

= L &6 wan
October 24 - 25, 2019 Bucharest, Romania

EFFECTS OF ARTIFICIAL AGEING ON TEXTILES' PROPERTIES

DOI: 10.35530/TT.2019.28

Elena-Cornelia MITRAN, Irina-Mariana SANDULACHE, Lucia-Oana SECAREANU,
Ovidiu IORDACHE, Elena PERDUM, Maria MEMECICA

'The National R&D Institute for Textiles and Leather Bucharest (INCDTP), 16 Lucretiu Patrascanu, 030508, Bucharest,

Romania, office@incdtp.ro

Corresponding author: Elena-Cornelia Mitran, cornelia.mitran@incdtp.ro

Abstract: In the present paper work it was evaluated the degradation degree of textile material after
different types of exposure using micro-destructive methods such as: Scanning Electron Microscopy
(SEM), stereomicroscope and Datacolor spectrophotometer. Thus, samples of cotton fabrics were
exposed in three different methods: first — outdoors, to natural conditions, second — at a temperature of
60°C in an oven and third

— buried in commercial plant soil in closed recipients. After 72 hours and 216 hour, specimens of the
samples were taken and evaluated. Thereby, microscopic analyzes revealed that the cotton materials
are more degraded after burial. The results obtained were correlated with chromatic parameters
(DL*, DC*, DE%*) and white degree (Berger and CIE). All the samples have color differences in
comparison with the unexposed samples; they also present more saturated color and are darker.
Cultural heritage represents our history, thus it is important to know how the environment works on
textile materials and this way we can manage better the conservation requirements. Future studies will
also be carried out on linen and woolfabrics.

Key words: SEM, chromatic parameters, cotton, artificial ageing.

1. INTRODUCTION

In textile industry, ageing can be defined as the accumulation of all changes in a system with the
passing of time [1]. These changes are irreversible and usually cause decline or loss of functionality,
although some features may be improved because of ageing [2]. The major consequence regarding
textile ageing is degradation.

Slater [3] approaches the main causes of degradation of textiles and the mechanisms by which this
degradation can occur.

A study of the effects of ageing on textile performance generally involves two phases. The first phase
is either sampling in-use textiles or using laboratory tests to simulate the expected ageing processes in
the field. The second phase is to evaluate the performance of the textile and to compare this
performance to the same textile when it is new or to some performance standard.
There are several types of artificial ageing such as: thermal, climatic, corrosive stresses and chemical
ageing, mechanical and electrical stresses and not least UV ageing.

The ageing process is briefly represented in Fig. 1.
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| AGING PROCESSES ‘

Fig.1. Ageing processes
(https:/fwww.johnmorrisgroup.com/Content/Attachments/ 126552/2015_03 wp_Artificial-ageing EN.pdf)

2. MATERIALS AND METHODS

For this paper, vegetal types of fibers were used. Thus, cellulosic based fabrics (cotton) were
investigated.
The artificial ageing methods used were:

- Thermal: the samples were exposed at a temperature of 60°C for 72 and 216 hours;

-Buried in soil: the samples were buried in soil, in closed recipients, at room temperature for 72 and
216 hours;

- Outdoor exposure: the samples were exposed on the roof for 72 and 216 hours.

Preliminary investigations were made with a Scanning Electron Microscope, Quanta 200, SteREO
DiscoveryV8 stereomicroscope and Datacolor Spectrophotometer (with a D65/10 lamp) for
chromatic parameters and white degree [4].

3. RESULTS AND DISCUSSIONS

Figure 2 presents the samples exposed for 72 and 216 hours, in comparison with the initial
ones.

Initial Outdoor Soil Thermal

72h 216 h 72h 216 h 72h 216 h

Fig. 2. Visual evaluation at different periods of exposure

In Table 1 are shown the chromatic parameters and white degree (two systems: CIE and Berger).

Table 1: Chromatic parameters and white degree

White | White

Sample L* C* DL* | DC* | DE* | degree | degree T Observation
Berger CIE

Control | 93.07 | 0.60 79.96 | 80.59 | -0.27

Outdoor 72h | 93.05 | 0.63 | -0.02 | 0.03 | 0.05 | 79.76 | 80.36 | -0.26 |  Darker, more
saturated

Outdoor 216 h | 92.55 | 0.80 | 052 | 020 | 056 | 77.80 | 78.51 | -0.4p | ~ Darkermore
saturated,
more red

Soil 72h | 9029 | 611 | 278 | 551 | 618 | 4889 | 4820 | 268 |  Darker more
saturated,
more green

Soil 216h | 85.51 | 1123 | -7.56 | 1063 | 13.05 | 20.18 | 12.11 | -7.04 |  Darker more
saturated,
more green

Thermal 72h | 93.15 | 0.70 | 0.08 | 0.11 | 0.19 | 79.80 | 8021 | -0.10 Moresa;r‘gifd’more

Thermal 216 h | 93.02 | 0.68 | -0.05 | 0.08 | 0.15 | 79.59 | 80.04 | -0.13 | Darker, more green
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Evaluating the results obtained for white degree, even if we use Berger or CIE system [5, 6] the

biggest differences appear in the soil exposed samples. Except for the sample exposed 72 h at
60°C, all samples are darker than the initial one. DC* coordinate give us results regarding the
degree of saturation. Positive values indicate more saturated samples, while negative values

indicate less saturated samples in comparison with the reference (unexposed sample). All samples
are more saturated than the control samples. The values obtained for total color difference between
unexposed and exposed samples (DE*) are insignificant in case of thermal exposure and with

important differences afterburial.
In Table 2 are shown the initial samples.
SEM results are shown in Table 3; while in Table 4 are presented stereomicroscope images of the

samples.

Table 2: Initial samples and types of exposure

Outdoor

Soil

Thermal

*In this paper will be presented only the results obtained for
cotton
Table 3: SEM results obtained for all three exposures (at a magnification of 2000X)
Initial Outdoor Soil Thermal
216 h 72 h 216 h 72 h 216 h

72 h

\\

Table 4: Stereomicroscope images for cotton fabrics

Outdoor

Soil

Thermal

72 h

216 h

72 h
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72 h

216 h
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Morphological modifications of the cotton’s fiber structure appeared mainly in the case of the samples
which were buried in soil, in contrast with the other ageing methodsused.

In the case of the cotton sample exposed outdoors, after 72 h there was no noticeable change in the
fibers’ morphology. After 216 h, a slight exfoliation at the surface of some of the fibers has been
highlighted via SEM, as well as an accumulation of dust and pollen particles.

Among the three ageing methods that have been investigated, the most destructive for cotton was the
burial in commercial soil. After the 72 h period, the analyzed samples revealed micro-fissures within
the cotton fibrous structure and after 216 h the biodegradation has been intensive and caused the
breakage of some fibers [7].

The thermal ageing assessment led to similar results as the outdoor exposure, with the exception of
dust and pollen particles, which were lacking in this case.

As preliminary results of the data obtained, we can say that from the point of view of the visual
aspect, soil exposure was the one that caused most of the damage.

4. CONCLUSIONS

In this paper, three artificial ageing methods where evaluated. The textile material used was cotton.
For the exposure, samples from this fabric were cut and submitted to thermal, soil and outdoor
degradation. The samples were evaluated trough optical methods such as: Scanning Electron
Microscopy (SEM), stereomicroscopy and spectrophotometry (Datacolor). All the results obtained
indicate soil exposure method is the most degrading. Even after only 72 h the values for buried
samples show the worst results. For future studies there will also be analyzed other types of textile
materials, such as linen and wool.
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Abstract: The texturing process is a method to imparts the look and feel of synthetic yarns to yarns made
Jfrom natural fibers and give it even more superior properties. Texturing process provides bulkiness, extra
stretch, porosity, better handle, air permeability and comfort properties to flat continuous filament yarns.
Intermingling is an optional process which is made to hold together filaments in the structure of textured yarns.
Intermingling pressure level is one of the most significant factors that affect properties of yarns and fabrics
produced from these yarns. This study examined the effects of intermingling pressure level (not intermingled, 0.2
bar, 0.5 bar, 0.8 bar and 1.0 bar) on properties of fabrics made of multifilament yarns. For this purpose,
physical, visual, surface and comfort properties of polyester knitted fabrics were measured. Within the context of
the study, porosity and visual properties were analyzed with image analysis techniques. Results showed that,
intermingling pressure level has statistically significant effects on the properties of fabrics such as unit weight,
thickness, air permeability and porosity. However, intermingling pressure level has no effect on fabric
roughness and overall moisture management capability (OMMC). Although all structural parameters are the
same for the yarns and the fabrics, intermingling pressure level has also crucial effect on fabric surface
appearances.

Key words: multifilament, textured yarn, intermingling, porosity, air permeability, image analysis
1. INTRODUCTION

Texturing is a method that imparts natural fibre properties to the synthetic fibres. Texturing
process provides bulkiness, extra stretch, porosity, better handle, air permeability and
comfort properties to flat continuous filament yarns without destroying yarn structure. Since the 1950s
various commercial texturing methods have been introduced. False twist texturing which takes the
advantage of thermoplastic nature of polymers is one of the most significant texturing processes
that become widespread over the years. The steps of false twist texturing process are drawn, twisted,
heat-adjusted in the twisted form and de-twisted. The texturing process is performed using friction
discs in false twist texturing method. Draw textured yarns consist of continuous filaments with
crimp that lack of inter-filament cohesion [1]. Textured yarns can be used with this form ‘non-
intermingled’ or it is used as ‘intermingled yarn’ after intermingling process. Intermingling is an
optional process which is made to hold together filaments in the structure of textured yarns.
This creates intermittent, knot-like entangled nodes along the yarn that significantly increase the
inter-filament cohesion [2]. Intermingled yarn is defined in Textile Terms and Definitions, Tenth
Edition, published by the Textile Institute. However, synonyms of this term such as mingled, co-
mingled, interlaced, tangled or entangled yarns are still used in the industry [1,3].

Intermingling process specification factors are air pressure, yarn speed and yarn tension [1].
Intermingling and intermingling process parameters have significant effects on yarn and
fabric properties and many studies have been deal to investigate these effects on yarn properties [2, 4-
6]. On the other hand, there are few studies which analyze the effects on fabric properties [7-8].
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In this study, it was aimed to analyze the effects of intermingling pressure level on physical, visual,
surface, comfort and transfer properties of fabrics made of multifilament polyester yarns.

2. MATERIALS AND METHODS

In this study, single-jersey knitted fabrics produced from melange 100% polyester POY 150 deniers
288 filaments yarns, were used as raw material. POY was consisted of 144 ecru and 144 black
filaments [9]. The pressure level was thought to affect the visual properties as well as other features,
therefore, melange yarns were preferred in the study. The texturing process was performed using false
twist friction discs. Textured yarns were produced under 0.2 bar, 0.5 bar, 0.8 bar and 1.0
bar intermingling pressure levels. For better comparison, textured yarn without intermingling was
also produced. The single-jersey knitted fabrics produced by these yarns with same production
parameters and 12 courses and 11 wales per cm in fabric structure.

Fabric unit weight and thickness were measured to determine physical properties of fabrics. Fabric
roughness, air permeability and moisture management properties were also measured, and fabric
porosity was calculated for examining the effect of intermingling pressure level on fabric
surface, comfort and transfer properties. Mitutoyo SJ 301 surface roughness tester was used for
the measurements of fabric roughness and Ra (arithmetic mean of absolute values of the roughness
profile deviations) which is the most common used parameter was selected to determine fabric
roughness. Multi-directional liquid transmission properties were measured by SDL Atlas MMT
test device. Porosity of the fabrics were determined by image analysis method. The Otsu method
was used to determine the threshold value to convert images from gray level to binary. In binary
image, white pixels represented pore areas and black pixels represented yarns. Moreover, image-
processing techniques were also used to analyse the effects of intermingling pressure level on
fabric visual properties. For this purpose, randomness (entropy) properties of fabrics were
determined. Entropy is a statistical measure of randomness that can be used to characterize the texture
of the input image. This parameter is a measure of disorder and higher entropy illustrates the greater
the disorder.

3. RESULTS AND DISCUSSION

In this study, effects of intermingling pressure level on the properties of single-jersey knitted fabrics
produced with textured polyester yarns were evaluated. For this purpose, analysis of variance
(ANOVA) at a = 0.05 significance level was performed, and bar charts and 95% confidence interval
graphs were used to visualize the results.

3.1 Physical Properties

Fabric unit weight (g/m?) and thickness (mm) values with 95% confidence interval plots are given in
Fig. 1.

Fabric Unit Weight (g/m?) Fabric Thickness (mm)
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102.0
0.86
100.0
8.0 0.82
96.0 0.78 I I I
94.0 0.74
92.0 0.70
3 S s S = S 3 s S
G a2 > Q3 N G2y 2> 2> Q.3
& N o~ ~ = ¥ i A N >
ST ® 3 {@“% N e
& L3
& ‘:@

Fig. 1. Unit weight and thickness values of fabrics

When the unit weight and thickness values of the fabrics are examined, it is seen that the effect of
intermingling pressure level is statistically significant at a=0.05 and fabrics which were produced
from not intermingled yarns have the highest values for both fabric structural parameters. The
knots are not caused greater thickness values, as the yarns made of finer fibers were intermingled
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at low pressures. Since intermingling pressure level has an inverse effect on yarn diameter [3], fabric
thickness also decreases. As a result, while intermingling pressure level increases fabric thickness

measured under 5g/m?*pressure decreases.

3.2 Comfort, Transfer and Surface Properties

Fig. 2 shows the OMMC (Overall Moisture Management Capability) and air permeability values
of fabrics. Effect of intermingling pressure level is not found statistically significant on OMMC
values, since raw material type is the most important factor in terms of moisture management.
On the other hand, intermingling pressure level is statistically significant for air permeability.
Due to higher yarn diameter and lower fabric porosity, fabrics produced with not intermingled
yarns have the lowest values.

OMMC Air Permeability (/m?/s)
1.0 1600
0.8 1400 1 I 1 L
T
0.6 1 1 I 1200
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0.2 1000 =
0.0 800
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Fig. 2. OMMC (Overall moisture management capability) and air permeability values of fabrics

Within the context of the study, porosities of the fabrics were analysed by image analysis (Fig. 3)
Statistical analysis showed that effect of intermingling pressure level on fabric porosity is
statistically significant. Knitted fabrics produced by the yarns with 0.8 bar intermingling pressure have
the highest values and fabrics produced by the not intermingled yarns have the lowest values (Fig. 4).
For fabric roughness, ANOVA shows that effect of intermingling pressure level is not statistically
significant for course and wale directions of the fabrics.

ORIGINAL IMAGE GRAY LEVEL IMAGE BINARY IMAGE

Fig. 3: Steps of image analysis for fabric porosity
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Fig. 4. 95% confidence intervals for fabric porosity

3.3 Visual Assessment of Fabrics

Fig. 5 illustrates the fabrics’ surface appearances produced by intermingled melange yarns. As it
can be seen from the figure, intermingling pressure level has an important visual effect on fabric
surface. The randomness (entropy) values of fabric surfaces were calculated using MATLAB. Fig.
6 shows that intermingling pressure level has important effect on fabric surface appearance and
fabrics produced by yarns with 0.8 bar pressure level have the most homogenous surface effect.
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NOT INTERMINGLED 0.2 BAR 0.5 BAR 0.8 BAR 1.0 BAR

Fig. 5. Fabric surface images

Image randomness (entropy)
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Fig. 6. Image randomness values of fabrics

4. CONCLUSIONS

In this study, effects of intermingling pressure level on properties of fabrics made of
multifilament melange PES yarns were investigated. For this purpose, physical, visual, surface and
comfort properties of knitted fabrics were measured. Results showed that, intermingling pressure level
has statistically significant effect on unit weight, thickness, air permeability, porosity and the
appearance of the fabrics. It is seen that fabrics produced by not intermingled yarns have the lowest
porosity and air permeability values and the highest unit weight, thickness and visual randomness
values. However, intermingling pressure level has no effect on fabric roughness and overall moisture
management capability (OMMC). In terms of many fabric properties, 0.8 bar intermingling pressure
level may be offered as the optimum level for production of melange multifilament yarns with 150
denier linear density and 288 filaments.
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Abstract: Spacer fabric is a three-dimensional structure that obtained by the connection of two parallel fabric
surfaces with the connection threads. Spacer fabrics are widely used for their several functional advantages that
they provide unlike conventional fabrics. Compressibility is one of the important functional parameters for these
fabric structures. The compressibility values of the spacer fabrics are measured based on the ISO 3386-1
standard. However, this standard is used for structures that have non-axial shear during compression such as
foam, sponge and so on. It is thought that this standard is not suitable for spacer fabric structures due to the
shear deformation which occurs during the measurement of compressibility. For this purpose, as in accordance
with spacer fabrics end-use area, a new test system been proposed to measure of compressibility that prevents
shear during the test. Thus, it is aimed to prevent the shear deformation and the deviant results obtained during
the test. Within the scope of the study, the compressibility properties of spacer fabric structures, which have
undergone different thicknesses and different finishing processes, were measured according to both ISO 3386-1
and the new proposed test method. When the results were compared, it was observed that the results obtained in
the new proposed test setup were higher and the difference between the measured results according to both test
methods was statistically significant for o. = 0.05.

Key words: Spacer fabric, compressibility, bending rigidity, shear deformation

1. INTRODUCTION

Spacer fabrics are textile structures with specific properties that traditional textile structures
cannot provide. [1]. With the advantage of the using different materials, flexible product range
and three- dimensional structure, spacer fabrics are used in many fields such as sportswear,
underwear and outerwear, home textiles, automotive textiles, medical textiles,
geotextiles, construction, filtering, protective textiles [2]. Compressibility is one of the most
significant properties of the spacer fabrics. Many researchers have been studied about
compressibility of spacer fabrics in the literature [3-5].

Most commonly used methods to determine the compressibility of spacer fabrics are defined for foam,
sponge etc. that have no-axial shear behavior. Third dimension of the spacer fabric is formed by using
filaments and it is thought that this defined method is not valid because of the structure of the spacer
fabrics. A shear deformation is easily seen during the test of spacer fabrics [6]. However,
spacer fabrics are generally used in such a way that they do not exhibit shear deformation. In view
of the structure of spacer fabrics, conventional compressibility test methods are expected
to give inconsistent results. In this study, it is aimed to develop a new method that will
eliminate the mentioned shear deformation and will give more realistic results in
measuring  the compressibility properties of spacer fabrics.

2. MATERIAL AND METHOD

2.1 Material

All spacer fabrics used in the study were produced on Raschel machines using PET
monofilament connection thread and two sides open-surface. The experimental part of the study was
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designed as two-stage. In the first stage, fabrics produced in different thicknesses (7 mm, 10 mm and
12 mm) were tested according to both the traditional and the new proposed method and the effect of
the fabric thickness was tried to be observed. In the second part of the study, structures fixed at three
different temperatures (165 ° C, 180 ° C and 195 ° C) and three different transition times (6 m / min, 8
m / min and 10 m / min) were used in order to see the effect of different finishing conditions with new
proposed method.

2.2 Method

Conventional compressibility tests were carried out in accordance with ISO  3386-1:
1986 Polymeric Materials, Cellular Flexible - Strain Characteristic in Compression - Part 1:
Low - Density Materials.

In addition, design of the new proposed methods that expected to prevent shear deformation
and give more realistic results is seen in Figure 1.

-i ¥ Pressure component
.

| ¥ Transparent box

e *Spacer fabric
Fig. 1. Design of new test apparatus

Assumptions of new method are as follow;
e In ISO 3386-1 compression test, the layer with connection thread is under only shear and bending
stresses.
¢ In new boxed method, friction between box and spacer fabrics is neglected.
In new boxed method, weight of the piece on the spacer fabric is neglected.
o In the proposed boxed test method, it is assumed that the fabric is completely inserted into the box
and that there is no shear during the test.
All tests were performed by the conventional and by the newly proposed method. In order
to determine the amount of shear in the tests carried out by conventional method,
the connection filaments of the spacer fabrics are marked from the points where they are attached
to the upper and lower fabric surfaces. In order to monitor the shear during the test, all tests were
recorded with a high-resolution camera with a DSLR feature placed at the appropriate point of the
tester.
The measurement tool in Adobe Photoshop was used to measure the shear amount (Figure 2).
The thickness of the clamping jaw (25.4 mm) was taken as a reference measure in the
photographs obtained from the unboxed test where shear deformation was observed. For each
fabric sample, the amount of shear (mm) was measured from 3 different points and their
mean values were calculated. Thus, fifteen shear values were recorded for each fabric type in five
replicate tests.

Fig 2. Measurement of shear deformation in conventional test by Adobe Photoshop measure tool (Step 1:
Measurement of reference point, Step 2: Fabric thickness after 40% compression, Step 3: Shear deformation)

After the determination of the shear amount, the shear angle can be calculated (Figure 3). Thus,
the shear force which cannot be measured by the conventional compressibility method will also be
calculated.
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Fig. 3. Force analysis of conventional compression test

In figure 3, R is the resultant force of shear and bending forces. In accordance with the law of
conservation of energy, it is expected that the R force will be the same with the bending
force measured by newly proposed test method.

3. RESULTS AND DISCUSSION

3.1 Results for Different Thickness Fabrics

In order to examine whether there is a statistically significant difference between the compression
load values obtained from traditional and newly developed boxed test methods, variance analysis was
carried out at a = 0.05 significance level. ANOVA results are given in Table 1.

Table 1: ANOVA results for conventional and novel proposed compression test methods

Sum of Degree of Freedom Mean
Source F P
Squares (df) Square
Fabric thickness with 7 mm 8.245 1 8.245 3.836 0.086
Fabric thickness with 10 mm 31.329 1 31.329 7.016 0.029
Fabric thickness with 12 mm 8.501 1 8.501 29.780 0.001

Table 1 shows that there is no statistically significant difference between traditional and boxed test
results for 7 mm thick spacer fabrics. However, the difference between conventional and boxed test
results for spacer fabrics of 10 mm and 12 mm thickness is statistically significant. In addition, the
boxed test result values for all thickness types are higher than the traditional test result values. Figure
4 shows 95% confidence interval graphs for £, values.

Method

I Conventional
I Movel Proposed with Box

95% Cl for F40 Compression Load (kgf)
N
T

"(F

T T T
Tmm 10mm 12mm

Fig. 4. 95% confidence intervals for F 4 values for spacer fabrics with different thicknesses
3.2 Results of Fabrics Produced with Different Finishing Process

In order to find out whether the results of new methods are valid for fabrics that produced
under different circumstances, both side open-surface spacer fabrics with same construction and 10
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mm thickness were tested based on three-different temperature (165 °C, 180 °C and 195 °C) and three
different speed (6 m/min, 8 m/min and 10 m/min). In Figure 5, it is seen that boxed test results are
generally higher than the traditional test results for all fabric types and the differences are statistically
significant.

Transition Speed (m/min) Method

Conventional
6 8 10 Movel Proposed with Box

1500

95% CI for F40 Compression Load (kgf)

T T T T T T T T T
165 180 185 185 180 185 165 180 195
Temperature (°C)

Fig. 5. 95% confidence intervals for Favalues for spacer fabrics finished at different conditions
4. CONCLUSIONS

In the study, it is aimed to prevent shear deformation and deviated results during traditional
compressibility test by the new method. In the experimental study, the compressibility properties
of spacer fabric structures of different thicknesses and different finishing processes were measured
both according to ISO 3386-1 and the newly proposed test method. When the results were compared,
it was found that the results obtained in the newly proposed test apparatus were higher and the
difference between the results measured according to both test methods was statistically significant. In
addition, as the fabric thickness increased, the difference between traditional and boxed
measurement results increased due to increased sheardeformation.

REFERENCES

[1] Chen, S. and Shi, D.W. (2019). Low-velocity impact response of 3D polyurethane resin
composites reinforced with spacer fabrics. Industria Textila, 70(2),111-115.

[2] Ertekin, G. and Marmarali, A. (2012). The compression characteristic of weft knitted spacer
fabrics. Tekstil ve Konfeksiyon, 4, 340-345.

[3] Armakan, D.M. and Roye, A. (2009). A study on the compression behavior of spacer
fabrics designed for concrete applications. Fibers and Polymers, 10(1),116-123.

[4] Liu, Y., Hu, H., Zhao, L. and Long, H. (2011). Compression behavior of warp-knitted spacer
fabrics for cushioning applications. Textile Research Journal, 82(1) 11-20.

[S] Zhang, X. and Ma, P. (2017). Compression fatigue resistance of three-dimensional
warp-knitted spacer structure for car cushion. Fibers and Polymers, 18(3),605-610.

[6] Orlik, J., Pietsch, K., Fassbender, A., Sivak, O. and Steiner, K. (2018). Simulation
and experimental validation of spacer fabrics based on their structure and yarn’s
properties. Applied Composite Materials, 25, 709—724.

143



INTERNATIONAL CONFERENCE
s l’ / !J"l'-_‘ / MA / . /1
o S/ B8 o _/ -

October 24 - 25, 2019 Bucharest, Romania

SKILL NEEDS AND GAPS IN QUALIFICATIONS FRAMEWORKS IN
THE ROMANIAN CLOTHING INDUSTRY

DOI: 10.35530/TT.2019.34

Alexandra CARDOSO!, Sabina OLARU?, Pyerina Carmen GHITULEASA?,
Mihaela DASCALU3, Sabina SOCOL3

'CITEVE - CENTRO TECNOLOGICO DAS INDUSTRIAS TEXTIL E DO VESTUARIO DE PORTUGAL,
Vila Nova de Famalicdo, Portugal, E-Mail: acardoso@citeve.pt

? National R&D Institute for Textiles and Leather (INCDTP), Bucharest, Romanaia, E-Mail: certex@certex.ro

3 ASTRICO NORD-EST Association, Savinesti, Romania, E-Mail: office@astricone.cu
Corresponding author: Sabina Olaru, E-mail: sabina.olaru@certex.ro

Abstract: Starting from the current analysis of the garments industry's critical points, namely the skills
deficiency with competencies in this field and its related occupations, the mapping qualification needs and
WBL good practices for the Romanian clothing sector was performed. The activities implemented in Romania
were desk-based research of existing education and training programs and field-based research through
surveys and focus groups, in close cooperation with Romanian T&C companies and VET representatives.
The results were attained based on a cooperation structure between partners (T&C associations,
Technological Centres, VET providers) and relevant stakeholders (T&C companies, VET providers and
qualification experts). Through the analysis of the questionnairves filled by the companies and VET
providers, the most important technical competences for the clothing technician were identified.
The new profile qualification will be more cross-cutting, more attractive and also with a high
employment potential in the various kind of companies. This new profile meets the identified needs, the
information provided is harmonized with the level of European competences for which school curricula or
other national training programmes are not delivered any longer.

Key words: competences, clothing, technician, qualification

1. INTRODUCTION

Textile & clothing sector in Romania is a core economic sector nationwide (shares in
macroeconomic indicators achieved in 2016: 6.38% of the turnover of the manufacturing
industry;5% of the industry's turnover; 1.45% of total economic operators; 4,8% of the total number
of employees in the national economy; 20.1% of the total employees in the manufacturing
industry; 9.7% of the value of goods exports), covering the whole country, gathering 4 clusters
in the textile-garment industry , with a structure containing a high share of SMEs. Although the
sector is dependent on imports of raw materials, in the clothing sub-sector in recent years there has
been a revival of the own design and production to the detriment of outsourcing production
system. The number of active companies in 2016 was 6173 in the textile-clothing sector,
employing around 180.000 persons [1,2]. The EURATEX report [3] comprises the Top 10 EU 28
countries producing Textiles and clothing. Romania is present in this top, being the 2nd largest
employer in the textile and clothing industry in Europe (Figure 1).
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TOP 10 EU PRODUCERS OF
FASHION AND TEXTILE GOODS

Fig. 1. Top 10 EU producers of fashion and textiles goods
(Source: EURATEX)

2. MAPPING QUALIFICATION NEEDS

CosTUmE is a project co-funded by the Erasmus + Programme of the European Union that intends to
create a new and attractive Clothing Technician profile and Qualification based on the existing textile
and clothing industry demands and market needs, and recognized at EU level (PT, ES, RO). The main
aim of the project will be to mobilize young people and adults in their professional qualification in the
VET system, through the acquisition of necessary skills for T&C industry, by the strong connection to
fashion, technical textiles, home textiles, sustainability, introduction of new materials and industry 4.0.
The project will also intend to facilitate the mobility and employability of the target group in Europe
[4].

Starting from the current analysis of the garments industry's critical points, namely the skills
deficiency with competencies in this field and its related occupations, the mapping qualification needs
and WBL good practices for the Romanian clothing sector was performed. The activities implemented
in Romania were desk-based research of existing education and training programs and field-based
research through surveys and focus groups, in close cooperation with Romanian T&C companies and
VET representatives. The field-based research implemented surveys (build from the desk research) by
applying the questionnaires and by organizing focus groups (based on inputs from surveys as a starting
point and with the objective of obtaining qualitative and more detailed information from T&C
companies and VET providers).

2.1 Desk-based research

The findings obtained from the desk based research conclude that in Romania, the formal and non-
formal VET system offers several profiles/qualifications in the area of sewing (Fabric seamstress,
Knitwear seamstress, Clothing designer technician, Technician in textile industry, Tailor for
customized clothing, Technician in textile industry, Technologist of garment and knitwear, Foreman
in textile industry (in the textile, clothing and footwear sector), Clothing pattern designer etc.). So
there is too much fragmentation and the occupational standards were drafted some 20 years ago [5-6].
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In addition, these documents have no NQF and EQF levels associated. Therefore, there is a lack of
profiles and qualification associated with the organization of work in the manufacturing of
clothing/home textiles or technical textiles [7-11].

2.2 Field-based research

The field-based research aimed to collect field evidence and validate assumptions from the desk
research, through surveys and focus groups, within the textile and clothing sector at national level.
The Romanian partners, INCDTP and ASTRICO NE contacted the textile-clothing companies and 10
VET providers/experts active in the textile-clothing domain by emails/ by phone and face-to-face
meetings, in order to increase their awareness about the CosTUmE project and for them to provide
their input on the questionnaires developed in the framework of the project.
The number of companies interested in this topic was very high, so 32 textile-clothing companies
addressed the questionnaire. The textile-clothing companies involved in the field-based research came
from all 4 categories:

e 12 micro-companies (1 to 9 employees);

e 6 small companies (10 to 49 employees);
e 8 medium companies (50 to 249 employees);
e 6 big companies (over 250 to 600 employees).
With respect to the processes carried out in which the textile-companies were involved, the answers
were related to:
e Embroidery
e Clothing manufacturing
e Technical textiles manufacturing
o Distribution/retail of textile products
e Design of textile products
e Home textiles manufacturing
e Knitting of textiles
e Dyeing yarns
e Finishing of textiles
e Others (Spinning, Services, Distribution of Shima Seiki Knitting Machines).
The focus group gathered 12 participants, representing companies, VET experts, cluster/association
representatives and project members, as follows:
e 5 companies;
e 3 VET experts;
e 2 associations/cluster - Astrico Nord Est Textile Cluster, Romanian Textile Concept
Cluster.
The general conclusion was validated by the companies’ representatives and VET experts, namely that
the existing clothing technicians profile is not suitable for the new demands of the sector. Also, new
competences such as:
e technical competences
Knowledge of production equipment settings
Participation in solving all technical problems in the production process
Use of the pattern design software for clothing (such as Lectra)
Identifying and anticipating problems through market research
Aware of the safety rules to operate machines and protect workers
Aware of the parameters and the characteristics to operate machines
e transversal competences

VVVVYY
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Capacity to learn and appropriate information
Communication

Teamwork, especially for the production activity
Adjustment to repetitive and routine tasks

Foreign languages

Work management

were identified and will be integrated in the clothing technician training curricula.

VVVVYY

3. CONCLUSIONS

The current research identifies the needs, trends and patterns related to the demands for skills and jobs
(skills’ intelligence) and paves the way to diminish the gaps between the qualification offer and labor
demands in the Romanian textile and clothing sector.

The new profile qualification will be more cross-cutting, more attractive and also with a high
employment potential in the various kind of companies. This new profile meets the identified needs,
the information provided is harmonized with the level of European competences for which school
curricula or other national training programmes are not delivered any longer.
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Abstract: Today, graphene oxide has been significantly used in many technological sectors, medical sectors as
well in textiles due to its abundant applications and dominant characteristics. Graphene oxide is basically a
mono layered material synthesized by the oxidation of graphite by the addition of multiple functional groups
containing oxygen such as alcohols, carboxylic acids and epoxides and presenting a 2-diamentional honeycomb
structure. On the textile surfaces the grapheme oxide can be applied through Pad dry-cure, Dip dry-cure and
Spray coating methods. However, the most appropriate method is dipping of the fabric into the graphene
suspension and the process is followed by drying and curing techniques. Initially, the fabric swatches have been
cut out in a suitable size according to the padder or adjustments on the machine can also be done. 100% pure
cotton, polyester, cotton polyester blend, silk, aramids and acrylics have been used as a substrate for the
application of graphene to imparts different functional properties. The oxygen content is reduced resulting the
increase in the interlayer spacing’s well as functionalization. The oxygen containing groups have been
removed with the repossession of the conjugated structure. The reduced graphene oxide has the higher
strength as well as high electrical and thermal conductivity which effect the final performance of a materials.
Key words: graphene oxide

1. INTRODUCTION

In this era of science and technology and science, the development of the nanomaterials is
rapidly increasing to facilitate the world. Similarly, the production of the carbon based nano materials
continue to rise which includes, carbon nano tubes, fullerene and graphene oxide. Today, graphene
oxide has been significantly used in many technological sectors, medical sectors as well in textiles
due to its abundant applications and dominant characteristics. Graphene oxide is basically a mono
layered material synthesized by the oxidation of graphite by the addition of multiple functional groups
containing oxygen such as alcohols, carboxylic acids and epoxides and presenting a 2-
diamentional honeycomb structure[1]. In the graphene sheets, one carbon atom is covalently bonded
to other three carbon atoms. Graphene is considered as the material of the future due to its
outstanding characteristics like; light weight, high surface area, higher mechanical strength, good
elasticity, UV protection, and good antibacterial activity, high thermal and good electric properties.
Hummer’s method is the most efficient and cost effective method for the synthesis of graphene. The
synthesis route is assisted by stirring and sonication processes. The reduction treatment can be given
into the sonication bath to the graphene oxide either by heat or by using the suitable reducing agents
like hydrazine or sodium hydrosulfite and oven dried[2]. Bunshi et al (2010) synthesized the
graphene oxide by using modified Hummer’s and Offeman method and studied the electrical
resistivity of woven fabrics after giving the reduction treatment with the sodium hydrosulfite[3].
Graphene revolutionize the fields of medicine, electronics, engineering, filtration and photovoltaics
due its light weight, high mechanical strength and high thermal and electrical conductivity.Graphene
can be applied onto all types of textile fabrics by dipping, padding or spray coating. The textile
materials treated with the graphene boost up the performance of the textile product.
Subsequently, the manufacturing process for the graphene based textiles would be a very
important step towards recognizing the next generation of the high performance clothing. Hence,
the utilization of graphene will continue to rise for attaining the outstanding properties and for
making a well-developed eco-friendly environment[4].
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2. EXPERIMENTAL

2.1. Materials

The pre-treated poly/cotton fabric (60%cotton/40%polyester) was used as a substrate in this research
work which was having the 3/1 twill weave and 250gsm.Graphite powder was supplied by Sigma
Aldrich. Potassium permanganate (KMnO4), concentrated sulfuric acid (98% H2SO4), hydrogen
peroxide solution (H202), hydrochloric acid (35% HCI), sodium hydrosulfite (Na2S204) were supplied
by Daejung Company. Deionized water was used in the whole experimentation.

2.2 Synthesis of graphene oxide (GO)

The synthesis of graphene oxide was carried out by using the Hummers and Offeman method[5]. 2
gram of graphite powder was measured by using the weighing balance and put into the beaker. The
beaker was set into the dry ice bath, and then 60ml of concentrated sulfuric acid was added into
this beaker drop-wise and stirred gently for 6 hours keeping the temperature below 5°C of the reaction
vessel. 6g of potassium permanganate was added slowly with the violent stirring and keep the
reaction vessel below 20°C by using ice bath for 30 minutes. 60ml of deionized water was added
drop-wise into the reaction vessel and the reaction was kept at 95°C for 35 minutes with continuous
stirring. By the addition of 280ml of deionized water and 20ml of 30% hydrogen peroxide solution,
the reaction was stopped. Filtration was carried out. The filter paper was then washed 4-5 times
with deionized water and 5% hydrochloric acid solution. After the filtration, the graphene oxide
was suspended into the 500ml of deionized water and exfoliated through the ultra-sonication for 4
hours. The resulting solution was centrifuged at 4000rpm for 30 minutes[6]. At the end ultra-
filtration was done by use of dialysis membranes, these membranes are filled with the
graphene solution. The membranes containing graphene oxide was kept into the cylinder containing
deionized water which was changed 2-3 times in a day. The process was done for 4-5 days. At the
end, drying process was carried out in which the graphene solution was taken into the beaker and
put into an oven for drying. Drying was done at 120°C for about 24 hours. Hence, the nano-sheets of
graphene oxide were produced which was grinded into the powder form and ready touse.

2.3 Dip dry-cure method

The dipping process was carried put followed by drying and curing for the application of graphene
onto the poly/cotton fabric. Three different samples of the specimen will be cut out of the size of
20/20cm. Three different suspensions of graphene oxide will be made-up by using a sonication bath.
0.1%, 0.5%, and 1% graphene oxide will be used according to the weight of the fabric[6]. For each
suspension, about 30 minute’s sonication was carried out to make a homogenous suspension in
deionized water. The fabrics were dipped into the dispersed solution of graphene oxide for 1 hour at
60°C. The fabric was passed from the squeezing rollers where the excessive liquor is squeezed.
Drying and curing was carried out at the end at 110-130°C for about 2-3 minutes. Washing was
done with the deionized water to remove the unfixed finishing material or undesirable contents.

The graphene oxide was reduced into graphene by treating the fabric with 0.5% sodium hydro-
sulphite solution at 95°C for 30 minutes with continuous stirring. At the end, the fabric samples were
dried at 90°C [7].
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2.4 Characterization of graphene and testing of fabric properties

The chemical analysis of graphene was carried out using the X-ray diffraction (XRD) technique.
The thermal resistivity (ISO 11092), moisture vapor transmission (AATCC 195) and air permeability
(ISO 9237) of the graphene treated fabric was also analyzed according standards.

3. RESULTS AND DISCUSSIONS

Graphene oxide was applied onto a pre-treated poly/cotton fabric by the dip dry-cure method.
Chemical reduction was carried onto a GO treated fabric with sodium hydrosulfite (Na2S204). The
samples were chemically analyzed using x-ray diffraction technique. The thermal properties, air
permeability and water vapor transmission properties were also analyzed. XRD was used to
investigate the crystal phase as well as it determined the inter-layer spacing of graphene as well as it
explains the morphology of the nanostructured materials as shown in Fig.1.

Intensity (a.an.)

L

20

Fig. 1. XRD pattern of graphene

In Fig.1, X-ray diffraction (XRD) was performed with Bruker’s X-ray diffracto-meter which scans the
graphene. The pattern of graphene oxide shows 001 reflection at 9.090 parallel to a layer spacing of
d001 = 0.961nm[8]. The interlayer spacing of GO was found to be 0.961 nm according to diffraction
peak at 20 =90.9°.

3.1 Air permeability of the fabric

The air permeability was analyzed using the ISO 9237 testing method at the temperature of 21 degree
celsius and relative humidity 65% at the pressure of 100Pa.

Table 1: Air permeability, thermal resistance and overall moisture management content of the fabric

Samples Air permeability Thermal resistance Overall management
(mm/sec) (m2K/W) content of the fabric
(OMMC)
T (untreated) 104 0.009 0.668
T1 (0.1%graphene0 106 0.009 0.666
T2 (0.5% graphene) 108 0.007 0.427
T3 (1% graphene) 107 0.008 0.38

Table.1 shows the air permeability (mm/sec), thermal resistance (m2K/W) and overall moisture
management content of the fabric.
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Fig. 2. Air permeability of the fabric (mm/sec)

Figure 2 shows that the graphene treated samples does not deteriorate the air permeability of the fabric
making it more breathable because of less closing of pores in the fabric polymeric structure. Thus, the
graphene finish does not have any adverse effect onto the breathability of the fabric.

3.2 Thermal resistance of the fabric

ISO 11092 test method was used to check the thermal properties of the tested samples at the
temperature of 21°C and 65% relative humidity.
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Fig. 3. Thermal resistance of fabric (m2K/W)
Figure 3 shows the thermal resistance of the fabric. The graph shows that, with the rise in

graphene concentration from 0.1% to 1%, thermal resistance decrease which means that
the thermal conductivity of the fabric rises at high concentration’s as both are inverse of each other.

C is the conductance while, R is the resistivity of the material. Q(W/m?2) is the heat flow and L is the
thickness of the specimen measured in meters.

3.3 Liquid moisture management properties

AATCC 195 method was employed to check the liquid moisture management properties of the fabric.
The test was performed at 21°C and 65% relative humidity.
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Fig 4: Overall moisture management content

Figure 4 shows the decrease in OMMC value of the samples with the increase in the
concentrations of graphene because the application of graphene causes the reduction in pore size that
does not allow the water vapor transmission through the fabric.

4. CONCLUSION

In this research paper, we tried to coat cotton/polyester fabric with graphene —graphene oxide material
through the dip dry-cure method.
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Abstract: Digitization of cultural heritage, has started to play a major role in sustainability, also, old maps
investigations can be a valuable source of information. These should be carefully handled by archive workers
and those who are studying them, because mycological content can increase both human health and
environmental problems. These, together with the conditions in which are stored can deteriorate the composition
of the cellulose fibers, respectively the canvas fibers on which are glued. Samples were collected from old maps
dating to 1895 and 1910 by specific means and methods in order to investigate their mycological content which
revealed the presence of Penicillium ssp and Fusarium spp. Scanning electron microscopy - analysis (SEM) was
done for the mentioned materials in order to determinate the deterioration of the fibers.

Key words: Digitization, old maps, SEM investigations, fungi, fibers, deterioration

1. INTRODUCTION

Natural and anthropogenic factors cause the degradation of the fibres in the composition of the
materials (even textile) — including old maps stored/exposed in museums, archives or other spaces
where these can be covered on dust or can suffer alteration (degradations, biodegradations, etc.) results
in stain, dust accumulation and weakness in some parts. The thorough identification of textiles with
historical value is useful for a good restoration and preservation process [1]. Samples were collected in
this sense from old maps (on textile and paper) dating from 1895 and 1910, from the storage facilities
of Bihor County Directorate of National Archives. The monitoring and analysis of the microclimate
inside some spaces took place between 01.03 si 21.06. 2019 and it has been observed that the average
value of 24.37 ° C of the air temperature falls within the considered temperature range, but it has been
shown that the ventilation is deficient; the relative humidity of 33.87% is below the minimum limit,
which can in time lead to deterioration of the stored documents.
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2. LITERATURE REVIEW

Based on the speciality literature [3],[4],[5],[6] the most common microorganisms on the tested
materials (laid-paper, wood pulp paper) and cellulose textiles (cotton, linen) include: Alternaria
sp., Aspergillus sp., Chaetomium sp., Fusarium sp., Mucor sp., Penicillium sp., Rhizopus
sp., Stachybotrys sp., Toxicocladosporium sp., Trichoderma sp., Stemphilium sp., Ulocladium sp.
[3]. On the old maps, the most common fungi, after Mallo et al., 2017, are Aspergillus and
Penicilium sp. Fungi can cause biodegradation of the materials and influence the human
health being mainly transported by air, using via accumulated dust by air. Fungi belong mainly to
species characterized by slow growth and xerophilic, the majority from the genera Aspergillus,
Paecilomyces, Chrysosporium, Penicillium and Cladosporium [7]. Fungi colonize and grow on
paper either by penetrating the microfibril matrix or by superficial growth [8]. In this way, they
persist and reproduce in contaminated material item (paper, book, map), as well as becoming a
support for the next expansion wave of microorganisms [9]. Additionally, hyphae of cellulolytic
fungi grow in the ground exert a mechanical effect and increase the  availability of
microenvironment for colonization and biofouling non-cellulolytic microorganisms.

3. METHOD

Non-destructive methods have to be used for identifying the type of fibres, the degree
of deterioration/degradation such as: Nuclear and associated techniques; Classical Investigation
Methods; Evaluation of microbiological contamination of cultural heritage artifacts. In the present
study, Light microscope and Scanning Electron Microscope (SEM) [10], [11] were used for fibres
condition and morphological appearance. A profile of the material was analysed; a yarn (2 cm) was
cut using a sharp scalpel, and then embedded into cells for examination, in order to ascertain the
quality of fibres. Fiber samples from (old maps dated 1895 and 1910) were examined to identify the
surface morphology and deformation aspects of these fibers and to assess the presence of
microorganisms [12].

4. DISCUSSION AND RESULTS

The studied samples were tested in successively increased magnifications. For more precise analysis,
two sample fragments were also selected, which were arranged side by side at different
magnifications. In the figure 1 (1. a). and b). fibers visible in the lower left corner may indicate
possible mechanical and bio/chemical degradation of the tested material.

Fig. 1. Degradation of the fibers

This observation is confirmed by figures of the next single-fiber sample (Fig.2. a)) by its
enlargement (Fig. 2b)), probably due to fungi of the genus Penicillinum and Fussarium sp. The
figure 2 (Fig.2 a); b), c), d) e); f) shows the fibers of the test sample contaminated by dust, as
well as probably fungi fiber's fungal colonization and development.

154



Fig. 2. Dust accumulated on the fibres on the
map samples
a, b, ¢, d, e, f- Fungi fibers
b, d, e,f:. colonization

When the highest magnification (4240x) by SEM (Figure 3 a) and b) were observed the hyphae and
spores of the fungi on the sample material.

Fig. 3. Highest magnification (4240x) using SEM

Classical investigation methods have highlighted the presence of Penicillinum sp. and
Fussarium sp. In the human pathology induced by fungi, the negative effects are due in
particular to mycotoxins released by fungi. Epidemiological studies show that exposure to
Penicillium sp. is associated with: increased risk of wheezing, persistent cough and a higher
severity score for asthma [13], PEFV (variability of the maximum expiratory flow), especially
in asthmatic persons. Penicillium fungal species, pathogens, respectively: P. citrinum, P.
chrysogenum, P. digitatum, P. expansum and P. marneffei (are considered ‘opportunistic’® for
those persons having AIDS) and immunosuppressed [14], have as a mode of infection mainly
the respiratory tract, by inhalation and, rarely, the digestive tract, by ingestion. The spectrum
pathology because of Penicillium infection it is varied: respiratory (e.g. pneumonia, brosic asthma),
ocular (e.g. keratitis, endophthalmitis) and urinary tract infections [15]. Fusarium species are
frequent involved in human infection, by inhalation of spores, consumption of infected foods,
contamination of skin lesions, fappendages -onychomycosis, ocular- fungal keratitis and occasional
invasive disease. In the lungs, the spectrum  of  fusariosis [15,16,17,18,19,20] includes allergies
(allergic bronchopulmonary fusariosis), hypersensitivity pneumonitis, colonization of a pre-existing
cavity and pneumonia.
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5. CONCLUSIONS

Microclimate investigation of the storage rooms [21] of the archive, old maps investigations can be a
valuable source of information for human health protection, environmental problems and cultural
heritage conservation. The indoor microclimate for old maps storage can contribute to the
deteriorattion /biododegradation of this items. The microclimate monitoring (temperature, humidity,
high dust content, lightness, the ventilation of workspaces, storage, etc). We also recommend the use
of ultraviolet lamps to purify the air.
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Abstract:

Conducting polymers have the potential to be used in many technological fields due to their unique
optical and electrical properties In this study, 3,4-ethylenedioxythiophene has been dispersed in
aqueous medium by PSS and electrochemically coated on textile material. In order to increase the
conductivity of cotton-based textile material, 40 micron thick steel wires have been added during
weaving. Electrochemical characterization of the coated textile material has been carried out by the
cyclic voltammetry technique. Furthermore, by applying different potentials to the textile material, the
color change has been determined with the naked eye. Unlike the related literature, conductive
polymer coated textile material obtained by electrochemical polymerization instead of chemical
polymerization can be used in many wearable electronics fields.

Keywords: conducting polymers; polyethylenedioxythiophene; smart textile; electrochemistry

1. INTRODUCTION

Flexible and wearable electronics have attracted great interest from industry and academy
over the last decade [1,2]. Among them, wearable and flexible sensors that can monitor daily
health status or human activity monitoring have great potential in home health care practice
[3]. Textile is ideal for wearable applications due to its soft nature, light weight, wearable
comfort, natural microstructure and unique properties of air permeability. However, the
combination of conventional silicon-based rigid electronic materials with flexible textiles
poses a major problem. For this purpose, there is a need for the production of self-flexible and
wearable electronics that use textiles or fabrics directly as functional fabrics in order to
achieve a perfect integration of multifunctional electronics and textiles. The greatest
challenge in the production of wearable electronics is to make the textile material conductive.
For this purpose, many functional materials such as graphene, CNT, nanoparticles have been
tried to provide conductivity by coating on the textile surface (Fig. 1a) [4]. One of the most
common used functional conducting materials for coating textiles is conducting polymers.
Conducting polymers (CPs) can be synthesized to produce materials with unique and diverse
properties. Especially CPs have the potential to be used in many technological fields due to
their unique optical and electrical properties [5,6]. Conducting polymers are synthesized
through the electrochemical or chemical polymerization of various organic aromatic
molecules such as pyrrole, thiophene, aniline, furan, indole, carbazole etc. The most studied
conductive polymers in the literature are shown in Fig. 1b. These polymers with a
delocalized m-electron band structure are doped by the counter anions and become conductive
in their oxidized state. By reducing the conductive polymers, the counter anions remove from
the structure to form insulating un-doped state. Thanks to chemical and physical changes such
as optical, electrical and volume between theirs neutral and oxidizing states, CPs can be used
in many different technological applications [7].
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Fig. 1. a)Coating materials applied to textile material to make it conductive b)Structure of some conducting
polymers

For example; electrochromism in CPs is due to the changes in theirs m-electronic character
and the reversible insertion and extraction of anions through the polymer structure. This redox
behavior is responsible for color changes [8]. Fig. 3 shows the colors against oxidation states
of a polythiophene derivative. CPs having supporting units with hydrogen-bonding
functionalities have demonstrated promising results on wearableelectronics.
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Fig. 2. a) Spectroelectrochemistry and b) electrochromic properties of conducting polymers.

PEDOT:PSS (Polyethylenedioxythiophene: Polystyrenesulfonic acid) is one of the most
successful CPs in terms of wearable electronic that has been preliminary investigated in the
last ten years (Fig 3a). It has many excellent properties, such as high electrical conductivity,
good film forming ability, high optical transparency and great physical and chemical stability
[9]. Due to its unique features EDOT has many technological applications especially in the
field of wearable electronics (Fig.3b).
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Fig. 3. a) Structure of PEDOT: PSS b) Wearable solar cell
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In this study, EDOT monomer has been dispersed in aqueous medium by PSS and
electrochemically coated on textile material. In order to increase the conductivity of cotton-
based textile material, stainless steel wires 0.035 mm in diameter have been added during
weaving. Electrochemical characterization of the coated textile material has been carried out
by the cyclic voltammetry technique. Furthermore, by applying different potentials to the
textile material, the color change has been determined with the naked eye.

2. MATERIALS AND METHODS
2.1 Materials

3,4-Ethylenedioxythiophene (EDOT) 97% and poly(4-styrenesulfonic acid) (PSS) (Mw
~75,000, 18 wt. % in H>O) was obtained from Sigma-Aldrich company. Cotton based textile
material containing stainless steel wires (0.035 mm diameter) was obtained from Akin Textile
company (Istanbul, Turkey).

2.2 Methods

Electrochemical polymerization of EDOT was performed using an Ivium compactstat
instrument. The polymerization was performed in an electrolysis cell equipped with the cotton
based textile material containing stainless steel wires (1x4 cm) as working, Pt mesh and Ag
wire as counter and reference electrodes respectively (Fig 4). The textile material have coated
with PEDOT in the 0.1 M PSS (in water) electrolyte solution via cyclic voltammetry
technique at 50 mV/s scan rate. Electrodynamic coating was performed in the -0.7-1.3 V
potential range.

b
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._ % J’_l:'f l,‘
. Textiieb
sheet ‘,é\gq‘;\‘
: b illli A ‘:‘
&N | Electrolyte solution:
= ";W EDOTand PSS
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Electrochemical Cell

Fig. 4. a) Cotton based textile material containing stainless steel wires b) Design of the electrochemical cell

3. RESULTS AND DISSCUSSION

Electro-polymerization was performed in an electrolysis cell equipped with the cotton based textile
material containing stainless steel wires as working electrode. Pt mesh and Ag wire was used as
counter and reference electrodes respectively. Cyclic voltammetry was performed in 0.1 M PSS/water
via repetitive cycling at a potential scan rate of 50 mV s™!. In the first scan, only one oxidation peak at
1.25 V is observed, which can be attributed to the oxidation of EDOT and a reduction peak at -0.3 V
corresponding to reduction of the PEDOT. A new oxidation peak appears at about 0.22 V during the
second scan which has originated from the oxidation of polymer. After seven CV cycles, the increase
in the redox wave current densities implied that the amount of conducting polymers deposited on the
textile material has been increased (Figure 5a). As a result of electropolymerization with cyclic
voltammetry technique, EDOT monomer polymerized and coated on textile material. The prepared
conductive polymer coated textile material was washed in water to remove unreacted monomer and
supporting electrolyte residues. Then, in order to investigate the electroactivity of the conductive
polymer layer coated on the textile material, cyclic voltammetry technique at different scanning rates
was applied in monomer-free electrolyte solution. As expected, when scan rate increases in cyclic

160



voltammetry the peak current values were increase. This result proved that the polymer layer produced
on the textile material was electroactive. As can be seen from Fig. 5, electroactive polymer layer
becomes blue at the applied potential adjusted at -0.8 V for conductive polymer coated textile
material, whereas it becomes transparent when applied potential at 1.3 V.
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Fig. 5. Knitted agrotextile product

4. CONCLUSIONS

In this study, EDOT monomer has been dispersed in aqueous medium by PSS and electrochemically
coated on textile material. In order to increase the conductivity of cotton-based textile material, 40
micron thick steel wires have been added during weaving. Electrochemical characterization of the
coated textile material has been carried out by the cyclic voltammetry technique. Furthermore, by
applying different potentials to the textile material, the color change has been determined with the
naked eye. Unlike the related literature, conductive polymer coated textile material obtained by
electrochemical polymerization instead of chemical polymerization can be used in many wearable
electronics fields.
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Abstract:

The fast evolution of the Internet over the last decade had a major impact on all aspects of life, mainly on
the business world, stimulating the emergence of a new form of commerce, namely e-commerce. The
development of e-commerce has made its mark on the market, with changes taking place both at the level
of consumer behavior and at the level of business management. The e-commerce market has been
constantly evolving in recent years, and in Romania it has recorded the highest growth in recent years at
FEuropean level.

The study analyzes the sales of clothing products in the online environment in Romania. Thus, quantitative
marketing research is conducted at the population level in Romania, a research aimed at knowing the
opinions and attitudes of citizens in relation to the purchase of clothing items from online stores. In this
research, special attention was paid to the knowledge of the reasons why consumers choose to buy
clothing items online. The results of this research can be used by online store managers to find out how
they can improve their services, but also for offline store managers who want to get into the online
business.

Keywords: Online stores, quantitative research, internet, consumers, attitudes-behaviors.

1. INTRODUCTION

Over the last decade, the Internet has evolved into a very important tool, having a significant impact on
all aspects of life. Every year or even every few months, significant changes occur so that it is
impossible to predict what certain forms they will reach in the next 10 years [1]. It is a vast, complex and
yet permissive environment that keeps on being of high interest for many of us. The enormous potential
of developing a business has stimulated a boost and trending of new alluring concepts, such as
electronic business (e-business) and electronic commerce (e-commerce). Over time, this has proven
to be not only a viable alternative, but also a highly profitable alternative to the traditional way of doing
business or trade [2]. Along with the evolution of telecommunications and intrinsically of the Internet, a
new type of business has emerged internationally: e-commerce. It has completely revolutionized into
a disruptive business model within the companies’ environment, but also the way people shop. The
increasing number of online stores is supported by the tendency of the customers towards saving time,
comfort and the search for new experiences in the purchasing process. Moreover, consumers also
benefit from other advantages of e-commerce, thus being able to choose from a myriad of products
and services, without being constrained by physical limits or operating hours.

2. LITERATURE REWIEV

The Internet has had a significant impact in all areas of society, but above all, it has hugely impacted the
dynamics of the business world. Economic activities in all fields have undergone significant
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transformations because of the increasing ease of accessing, processing, storing and communicating
information. What has completely changed the way markets work is the huge amount of available
information. By the modern means of digital data usage, business’ models have been restructured and new
opportunities for increasing the standard of living have constantly appeared[3].

The Internet offers sellers and buyers a powerful communication channel and makes it possible for both
parties to meet through electronic markets [4, 5].

For some companies, e-commerce means any financial transaction that applies computer technology. On
the other hand, for others, the concept of e-commerce covers the whole sales circuit, including marketing
and sales itself [6]. For customers, e-commerce means any commercial transactions made through the
Internet by purchasing different products such as travel tickets, CDs, books, etc. Thus, the e-commerce
identity is defined by the activities of buying and selling through the Internet channel[3]. Trust in online
transactions is often considered to be a key factor in determining the success and failure of e-commerce.
Even though Internet transactions have grown steadily in recent years, e-commerce is still a relatively new
concept for most people. Thus, the lack of confidence in the online environment is often a strong reason
for potential customers to give up buying online. This is particularly caused by distance, anonymity and
lack of physical interaction. Also, data security and privacy issues have proven to be barriers for online
shopping [7].

Building trust becomes a difficult issue with the e-commerce, because of a certain lack of common
interaction between the seller and the buyer as there was no previous interaction or they do not have
enough details about each other [8]. Usually, trust is gained by reputation and then by experience.
Reputation emerges from sources such as the media or friends. Recommendations made by people the
consumer trusts have a great influence when the consumer decides whether a site or a seller is trustworthy.
If the individual then chooses to purchase goods or services over the Internet, the actual experience will be
added to the reputation [9].

A basic aspect of electronic business are the electronic payment transactions. Related to the consumers’
environment, the electronic procedures for e-payments are similar to those used with the usual POS’s in
shops. The major difference comes from the fact that this type of business is mainly online and depends
completely on the Internet [3]. The most popular electronic payment systems can be grouped into four
categories: electronic checks, micropayments, bank card paying systems, online transactions systems [6].
The e-commerce market has been constantly evolving and Romania has registered a significant growth
over the last years, at European level. The online market for clothing items in Romania is constantly
developing, both quantitatively and qualitatively, its value being estimated at € 258 million, representing a
share of 5.6% from the whole industry, and approximately 10% of the total e-commerce share in Romania.
. This means an increase of 30% in 2018, being more dynamic than the growth of the entire industry
(15%) [10].

3. RESEARCH METHODOLOGY

In order to better understand the Romanian customer behaviour upon the purchase of clothing items from
the online stores, quantitative marketing research was conducted based on a sample of 216 respondents,
residing in Romania.
Considering the aim of this paper, the research had the following objectives:
o Determining the extent to which respondents purchase clothing items from the online

environment;

Identifying the main reason why respondents order online;

Identifying the most popular payment method;

Identifying the level of trust in online stores;

Understanding the reasons why the respondents did not buy online.
Within this paper, the sampling method wasn’t random and we relied on a survey that was built up
from the voluntary answers provided by our respondents. For data collection, we approached the online
questionnaire survey method. The questionnaire (which includes 20 questions) was designed on the
Google Forms platform and was shared on the Facebook social network. Being shared in the online
environment, the questionnaire gathered 216 respondents, the researcher having no control over those who
completed it. After collecting the information by means of the questionnaire, the statistical data was
processed within the SPSS (Statistical Package for Social Sciences) system[11].
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4. RESEARCH RESULTS

In Romania, the e-commerce represents a new perspective that should be a further issue within the process
of economic growth and sustainable development. The online market for clothing is constantly expanding
due to the many benefits consumers identify, such as the wide variety of brands and available products,
access to reviews from other buyers, better value for money, but also a simplified purchasing process.

This very context generated the need to conduct a research that would provide an overview of the attitudes
and opinions of Romanian citizens have on the purchase of clothing items from online stores. The research
revealed a lot of relevant information.

Research shows that out of the total number of respondents, 77.8% bought clothing items, from the online
environment, within 2018, while 22.4% did not approach this shopping way for clothing items. Most of
the respondents, respectively 36.7% purchased clothing from the online environment with a frequency of
2 and 6 times a year, while 24.5% purchased more than 6 times a year, while only 11.8% buy online once
a year.

The main reasons why the respondents allegedly choose to purchase clothing items from an online store
are: "rich product offer" (51.2%), followed by "convenience" (20.2%), "lower prices" (14, 3%), "lack of
time" (13.1%) and 1.2% of the respondents invoked as the main reason "avoiding crowding in shops" (Fig
1). The reasons why respondents have some concerns about purchasing clothing online are: "I prefer to try
the product before buying it" (36.4%), "the sizes does not fit" (29.5%), "I don’t trust the quality of the
products ’(27.3%),* the delivery cost”(4.5%) and* the delivery time is too long ”(2.3%) (Fig. 2).

D Great offer of B | prefer to try
products the product
@ Convenience B The sizesdo not
fit
B Lower prices B I don't trust the
quality

DO Lackoftime B Delivery cost

B Avoid D High delivery
agglomeration time
Fig.1. Reasons pro online-shop Fig. 2. Reasons pro traditional shop

Most of the respondents (73.9%) visit the online clothing stores even if they do not intend to buy any
product, while 26.1% do not have this behavior. The most often payment method used by the respondents
is the "courier payment" with a percentage of 65.3%, followed by the "online card payment" method
preferred by 32% of the respondents and other modalities representing 2, 7% of the respondents.

5. CONCLUSIONS

The rapid evolution of the Internet over the last decade has had a major impact on all aspects of life,
mainly in the business world, stimulating the emergence of a new form of commerce, namely e-
commerce. The development of e-commerce has made a major impact on the market, with changes taking
place both at the level of consumer behavior and at the level of business management.

E-commerce is an entirely new experience for consumers, greatly influencing their lives. Even if it is a
new concept, and buyers are skeptical about it, e-commerce has an impressive evolution in terms of the
many advantages it offers them, namely, access to a more varied assortment, removing the physical
barriers, the possibility of access a wealth of comparative information between companies, competitors
and products, buyers can choose the products at the most advantageous price for them. Also, e-commerce,
including trade in clothing products, has many advantages for traders, such as: facilitating access to world
markets, access to new consumer segments, reducing costs in terms of advertising, supply, sales, but the
costs of messaging or mail. The major disadvantage affecting both consumers and traders is related to data
security and the risk of fraud. Other disadvantages are: lack of consumer confidence, their mentality, but
also the lack of direct contact with the purchased products. Traders have quickly understood the
usefulness of e-commerce and have introduced it into the chain of information technology.
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Today, this type of trade is the easiest way to increase sales, due to the many advantages it has over
traditional trade. One of the most important aspects is the availability, the electronic commerce having
permanent availability, the presence of the employees becoming unnecessary. Another aspect is the
coverage area, the traditional trade being geographically limited. Even if from this point of view, e-
commerce has several strengths, the two forms of commerce are not mutually exclusive, on the contrary,
they complement each other. Moreover, online commerce stimulates traditional commerce, allowing
consumers access to a wider range of products and services at competitive prices.

The textile industry is in a continuous transformation, and the online market for garments is constantly
growing, mainly due to the perceived benefits of consumers such as: the assortment range more varied
than traditional stores, access to reviews from other buyers, but also a better value for money [12].
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Abstract: Textile biomaterials have been largely used over the last decades as vascular grafts,
hernia meshes and heart valve leaflet [1-2]. Once implanted in vivo, the natural porosity of textile
materials tends to induce exaggerated tissue ingrowth, which may prevent the implants from
remaining flexible [3]. One hypothesized way to limit the foreign body reaction process is to increase the
material surface roughness [4]. Supercritical N2 jet particle projection is a novel technique to provide
enough velocity to micro particles to induce plastic deformation on the textile impacted surface. The
aim of this study is to investigate the influence of micro particles laden supercritical N2 jet projection
parameters like jet static pressure, standoff distance and particle size on the roughness of PET fabric
surfaces. Results bring out that particles projected by the jet N2 SC generate craters on the
surface of monofilament as well as multifilament fabric, allowing topographical modifications
at the yarn scale. We found that larger particles induce larger crater diameters. Moreover,
increasing the static jet pressure from 300 to 1000 bars further allows increase in the crater
diameter. For a pressure of 500 bar, the standoff distance must be greater than 300 mm in
order to obtain significant roughness values without breaking the PET monofilament fabrics.
Thus, this treatment increased the roughness of the monofilament fabric from 0.78 um to 1.22
um. The results obtained in this work show that it is possible to create a roughness on a PET
fabricusing the N2 jet technology.

Key words: biomaterial- textile- surface modification- roughness -supercritical N2 jet

1. INTRODUCTION

The essential requirement of a material to be used as biomaterials is its ability to receive
an appropriate host response. This response depends on how similar the implant behaves as compared
to the real organ. Such requirement is commonly termed as biocompatibility. Biomateria Is with a low
leve 1 of biocompatibility readily induce different infections within the patients. Control of the degree of
biocompatibility is still a challenge to overcome within the health care industry as these polymers very
often do not possess the surface properties needed for  various applications [1].
Consequently, their surface needs to be refined to the microstructure level to obta in better performance in
biomedical applications in terms of biocompatibility [2-3]. Various chemical and physical methods for
modification of the polymer surfaces have been developed and are currently be ing studied,
including chemical and plasma treatment, ion implantation, and UV-irradiation. Yet no
surface modification technique is unanimously accepted since these methods are often
associated with undesirable side effects. One of them is the degradation of the internal bulk
of the material. Biomaterials have very precise requirements that derive from the mechanical
performance of the bulk properties. These provisions can be categorized informa lly into three
main groups inc luding mechanical performance, mechanical durability, and  physical
properties. In total hip replacement surgeries for example, the biomateria | used for constructing a
prosthetic implant must be mechanically strong and rigid.
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In case of valve replacement, the leaflet of valve must be flexible and tough; otherwise it will cause
hindrance in blood flow. Textile synthetic vascular graft material requires very specific modulus
properties in order to behave like real vascular soft tissue when implanted within the body such that
the walls of the artery or vein pulsate in a similar manner to real tissue [4]. In that latter application
fibrous constructions would provide a good combination of strength and flexibility. However, textiles
are characterized by specific roughness features due to the yarn crossing in the ir construction. It has
been shown in the literature that fibroblast tissue in-growth depends on the characteristics of the textile
pores of a surface and on the topography of the yarns involved in the textile construction. Vaesken et
al. [5] studied the interaction between various textiles in vivo in heart valve position and concluded
that pore size and yarn diameter are the most critical parameters, which control the tissue ingrowth.

In this work, the potential of a nove I mechanical surface treatment is investigated, which could be
particularly suited for textile constructions, which are networks of fibers. It consists in spraying on the
surface to be treated a cold and dry flow of solid partic les embedded within a high-speed nitrogen jet
(N2), which itself does not interact with the material surface. Some work has already been done on
studying the interaction between a N2 jet and metallic flat surfaces [6], but no results are available in
literature about the effect of the considered process on textile material. The main goal is to provide
experimenta | data about the behavior of PET textile material characterized by simple surface geometry
with respect to the N2 processing conditions. In particular, the influence of the process parameters on
the obtained roughness is studied.

2. MATERIEL ANDMETHODS

2.1 Material

The textile samples used in this study are PET monofilament fabric. This fabric is woven from threads
made from continuous PET monofilaments and is supplied by Sefar Fyltis (Lyon, FRANCE). The

characteristics of the textile fabric used in this study are summarized in table 1.

Table 1: Characteristics of the textile fabric

Sample Woven Fabric
Surface density (g/m2) 70

Yarn density, warp (yarn/cm) 38

Yarn density, weft (yarn/cm) 38
Filament diameter (um) 100
Yarn count (tex) 10.8

2.2 Supercritical Nitrogen e quipment

The surface treatment technology used in this work consists of spraying onto the surface to be treated
solid partic les embedded within a dense High-Speed Supercritical Nitrogen Jet HSNJ. The jet is
generated by a pump namely “Nitrojet” which is a product patented from IHI NitroCision company.
The system and the handling procedure have been described in detail in a last publication by Kha Isi et

al. [7].
2.3 Surface treatme nt procedure

The surface modification tests were carried out on Monofilament fabric textile. Samples were treated
with a Supercritical nitrogen jet charged with glass particles (with a size range 45-53 um). Two
parameters were varied in the study: (1) the pressure (300 and 500 bar), (2) the stand of distance (700,
600, 500, 400, 300 mm. . .until thebreaking).

Each test was repeated five times for statistical purposes. An average of 7 seconds time was necessary
between the mask removal and the particle delivery. All tests were performed in a static mode where
the tool did not move relative to the sample surface.
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24 Characterization techniques

Samples were treated with a supercritical nitrogen jet and characterized for material modification
assessment. Different types of analysis were carried out on the samples: SEM analysis, mechanical
tests and roughness measurement.

3. RESULTS AND DISCUSSION

From the fabric surface SEM images analysis, significant visual difference could be observed
between the initial state and after surface modification using a Supercritical nitrogen jet charged
with glass partic les. Figure 1B and 1C represent the sample surface SEM images respectively at SoD

500 mm and at SoD 400 mm. These images clearly showed a difference in their local surface
morphology of filaments. It can be clearly observed that the surfaces of the untreated filament are
relatively smooth with a cylindrical shape (Figure 1A). However, the surfaces of the
monofilament treated appeared rough with impact craters (Figure 1B) or with a presence of fibrils on
the surface of filament (Figure 1C). For several configurations at a pressure 500 bar (SoD < 400
mm), the filament surfaces are shredded with certainly a loss for material.

BES 151V WD ImmP C.80 G0Pa w150 BES 16.0kVWD1ImmP.C B0 60Pa xi50 BES 160KV WD ImmP.C 60 6
0045

Fig. 1. SEM Photographs of Monofilament PET fabric samples, 100um at P: 500 Bar,; A: vierge, B: SoD 500mm,
C: SoD 400mm

The surface analysis by optically profilometer (Fig.2) confirmed for both materials the modifications
related to the fabric surfaces topography already observed at SEM level. The results show that the
mean surface roughness increases with the pressure and the standoff distance regardless of the fabric.
It is observed that the treatment increased the roughness of the monofilament fabric from 0.78 pum to 1.22
pm

m Untreated mSoD 500 mm SoD 400 mm
1,4

1
1,0
0,8
0,6

Ra (um)

0,4
0,2

0,0
Fig. 2. Surface roughness topography of fabric samples untreated and treated at P: 500 bar

The tensile strength properties were studied for treated and untreated fabrics. To understand the effect
of surface modification on mechanical performances of samples, tensile tests were performed on strip
before and after treatment with supercritical nitrogen jet. Table 2 compares the ultimate strength and
strain values of samples obtained for the various treatment configurations.

168



Table 2: Mechanical results of woven fabric before and after treatment

Pressure (bar) Standoff Distance (mm) Strength (N) Strain (% )
Untreated 66.62 £+ 3.64 81.11+£7.43
700 64.18 +£2.45 67.7+5.39
600 62.41 +2.89 62.97 + 5.89

500 500 61.33 £3.01 59.43+7
400 57.25+5.71 58.98 +4.87
700 64.14+1.8 66.85 + 3.69

600 63.81 £2.72 62 +4.97
300 500 62.68 +3.1 60.13 + 6.86
400 58.12+4.29 59.07 £5.93
300 56.62 +£2.62 57.77+2.71

It can be observed a slight reduction in ultimate strength and ultimate strain of the fabric after
treatment. Maxima | reductions of 15% of strain at P=300 bar and 14% of strain at P=500 were
obtained respectively in samples with SoD =300mm and SoD = 400mm. This quantitative
result confirms the observations made at a macroscopic leve 1, which showed accentuated fibrils for the
configuration P = 500 bar and SoD 400.

4. CONCLUSION

The aim of this study is to investigate the influence of micro particles laden supercritical N2 jet projection
parameters like jet static pressure, standoff distance and particle size on the roughness of PET fabric surfaces.
Results bring out that particles projected by the jet N2 SC generate craters on the surface of
monofilament fabric, allowing topographical modifications at the yarn scale. The results obtained in this
work show that it is possible to create a roughness on a PET fabric using the N2 jet technology. To enhance
this study, biologica 1 tests must be performed to access how the changes of surface affect the behavior of
textile materials with the cells.
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Abstract: Electromagnetic radiation of telecommunication is undesired in rooms for data privacy [1]. One way
to shield EM radiation is by achieving textile fabrics with electrical conductive properties [2,3]. Buildtech
technical textiles are used in constructions and as such they need fireproof properties, too.
Magnetron plasma sputtering is a novel technique for rendering nanometer scale coatings on woven fabrics. It is
an eco-friendly technique, which leaves the bulk properties of the fabric unaltered and modifies only the
surface properties. Thus, textile EM shields out of magnetron plasma coated fabrics keep initial properties of
textile materials, such as flexibility, light weight, 3D shape-ability, good mechanical resistance and receive as
well novel functionalities.

The ERA-NET Manunet TexEMFiRe project aims to research Buildtech technical fabrics with electromagnetic
shielding and fireproof properties, made out of magnetron plasma coating. TexEMFire envisages an
optimization of plasma coated fabrics based on fabric structure parameters (density) and plasma coating
parameters (generator power) The project has duration of two years (Apr. 2018-Mar. 2020) and five partners:
INFLPR, INCDTP, Majutex from Romania and UniUPO and TecnolLab from lItaly. Project website is:
http://texemfire.inflpr.ro/ .

Key words: magnetron, Buildtech, protection

1. INTRODUCTION

Technical textiles for the Building — construction sector are named Buildtech, according to TechTextil
international fair. Buildtech textiles are used for various purposes, such as fibers or fabrics reinforced
walls, tarpaulins for sun and UV protections, tents for outdoor protection etc. Some of basic functionalities
for such textile materials are first of all fire-retardant properties. It is of utmost importance to render
construction materials including textiles, resistance to burning, in order to ensure protection of humans and
goods against accidents caused by flames and fire. Another, more recent hazard, arose with development
of telecommunication: the electromagnetic (EM) radiation. Undesired EM radiation causes interference of
electronic equipment and affections to human’s health, such as cancer [1].

In order to prevent such severe problems, the Electromagnetic Compatibility (EMC) field states as solution
the shielding of radiation [2]. Some basic protection functionalities are ensured, by achieving technical
textiles for constructions both with fire-retardant and electromagnetic shielding properties.

Plasma treatment of fabrics represents a novel technology of functionalizing fabrics with already
marketable products [3]. Plasma represents the fourth state of matter, while cold plasma may be used as
laboratory technology to impart various functionalities to materials, including textiles.  Plasma
functionalization has several advantages: it achieves thin, nanometer coating on fabrics, modifying only
surface properties and leaving bulk properties of textiles unaltered. It is an ecofriendly technique, when
compared to wet treatments on fabrics for achieving same functionalities [6-8]. Aim of this paper is to
present research results in plasma coated fabrics with fire-retardant and electromagnetic shielding
properties for Buildtech domain.
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2. THE TEXEMFIRE PROJECT
TexEMFiRe — “Manufacturing textiles with electromagnetic shielding and fire retardant properties

by plasma based methods” is an ERA-NET Manunet project for the period Apr. 2018- Mar. 2020,
still ongoing project (figure 1).

manu TexEMFIRe

Fig. 1. Logo of program and project
TexEMFiRe has five partners from two countries — Romania and Italy (table 1):

Table 1: TexEMFiRe project’s partners

CO: National Institute | Www.inflpr.ro
for Lasers, Plasma &
Radiation Physics
(INFLPR)

P1: National Research | www.certex.ro
and Development
Institute for Textiles
and Leather
(INCDTP)

P2: SC MAJUTEX WWW.majutex.ro
SRL

P3: Tecnolab del Lago | Www.tecnolab.name/en
Maggiore S.R.L.

P4: Universita degli WWW.Uniupo.it
Studi del Piemonte
Orientale “Amedeo
Avogadro”

UNIVERSITA DEL PIEMONTE ORIENTALE

TexEMFiRe main aim is introduction of magnetron plasma sputtering for achieving Buildtech
technical textiles with good electromagnetic shielding and fire retardant properties. Metallic
particles, such as copper, nickel etc., with a good electric conductivity (~10" S/m), were sputtered
out of a target towards textile substrate in low-pressure plasma medium.

3. ELECTROMAGNETIC SHIELDING FABRICS

Textile substrates used where out of 100% cotton and 100% PES with following physical-mechanic
properties (table 2):
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Table 2: Physical-mechanical properties

No. Fabric sample Woven fabrics prope rties
1 Fabric 100% cotton — v U Nm 20/1
210g/m’ amtype —p Nm 2071
Density U fire/cm 30
B fire/cm 15
Weave Twill 3/1
2 Fabric 100% cotton — v U Nm 10/1
405 g/m’ am type B Nm 10/1
Density U F%re / cm 26
B Fire / cm 16
Weave Il;l?n:l IV{Z eiV§
3 Fabric 100% PES — v U Dtex 167/48x2
205 g/m’ am type B Diex 167/48x2
Density U F @re /cm 35
B Fire /cm 21
Weave Twill 2/1
4 Fabric 100% PES — Yarn type U Dtex 167/48x2
245 g/m? P B Dtex 167/48x2
Density U F@re /cm 36
B Fire /cm 34
Weave P 4/4

These 100% cotton and 100% PES fabrics were coated by magnetron plasma sputtering with Copper
particles. A low pressure plasma equipment with two vacuum pumps and an advanced energy RF
generator (13.56 MHz) was used for this purpose within INFLPR laboratory (Figure 2).

Fig. 2. Magnetron plasma installation at INFLPR

The samples were coated on both sides of the fabric with a 400 nm thick Copper layer. Shielding
effectiveness values [dB] for the frequency range of [0.1-1000 MHz] was determined via a TEM cell
(Standard ASTM ES07) for sample 1 out of 100% cotton and sample 3 out of 100% PES (Figure 3).
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Fig. 3. EM shielding effectiveness values for plasma coated fabrics

4. FIRE RETARDANT FABRICS

Fire retardant properties were achieved on the 100% PES fabrics by magnetron sputtering with
silicon. Flexiburn (James Heal) equipment used for evaluation of fire-retardant properties within
INCDTP laboratory (Standard SR EN ISO 6941:2004). Burning time was of 10 seconds. The
analyzed samples present as well an improvement of melting point from 257,2°C to 260,3°C.

5. CONCLUSIONS

TexEMFiRe is an ongoing project: preliminary results show the way to improve desired properties,
taking into account fabric structure and coating parameters. An optimization study on shielding
effectiveness is foreseen for the second project’s year.
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Abstract: Smart textiles consist of multi-disciplinary knowledge. Disciplines  such as  physics,
mathematics, material science or electrics is needed in order to be able to design and manufacture a
smart textiles product. This is why knowledge in smart textiles may be used to showcase high school and
university students in basic years of preparation some applications of technical disciplines they are
learning.

The Erasmus+ project “Smart textiles for STEM training — Skills4Smartex” is a strategic partnership
project for Vocational Education and Training aiming to promote additional knowledge and skills for
trainees in technical fields, for a broader understanding of interconnections and application of STEM, via
smart textiles. Skills4dSmartex is an ongoing project within the period Oct. 2018-Sept. 2020, with a
partnership of six research providers in textiles www.skills4dsmartex.eu.

The project has three intellectual outputs: the Guide for smart practices (Ol), the Course in smart
textiles (O2) and the Dedicated e-learning Instrument (O3). The Guide for smart practices consists in the
analysis of a survey with 63 textile companies on partnership level and interviews with 18 companies.
Main aim of Ol is to transfer from source site to target sites technical and smart textile best practices
and the profile of workforce needed for the future textile industry. The needs analysis achieved within
Olwill serve to conceive the Course for smart textiles with 42 modules (O2), to be accessed via the
Dedicated e-learning Instrument (03). All outputs are available with free access on the e-learning
platform: www.advaltex.eu/portal.

Key words: vocational education and training, mathematics, physics, material science,
electrics, interconnections.

1. INTRODUCTION

Vocational trainees and students in basic stage of higher education learn a series of
theoretical disciplines and they are eager to get the touch of practice, to understand final
applications of their knowledge. STEM stands for Science, Technology, Engineering and
Mathematics and often, education in these fields requires interconnection of theory and practice. Multi-
disciplinarily is a modern way to tackle new research domains and students have to learn how to
apply various disciplines. For all these challenges, the project Skills4Smartex offers a solution via
applications of smart textiles.

Smart textiles combine knowledge in material science, mathematics and physics as well
as electrotechnics. Smart textile prototypes are an excellent way to showcase final
applications of multi-disciplinary domains.
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Erasmus+ Skills4Smartex “Smart textiles for STEM ftraining” is a strategic partnership project in the
field of Vocational Education and Training, for the period Oct. 2018-Sept. 2020.

Erasmus+

Skills4Smartex includes a partnership of six research providers in textiles: INCDTP-Bucharest
coordinates a prestigious consortium: TechMinho-University of Minho, Ghent University,
University of Maribor, Technical University lasi and the Textile Testing Institute — Brno. The
project website has the URL address www.skills4smartex.eu.

2. RESULTS OF THE SURVEY

Output 1 of Skills4Smartex achieved to identify the needs of workforce within smart and technical
textiles, by means of a questionnaire based survey, with 34 questions. The elaborated questionnaire
was sent to a number of 63 textile companies on consortium level, from countries like Belgium,
Czech Republic, Portugal, Romania and Slovenia. The results of the survey are summarized within
figures 1-3.

100%
90%
80%
70%
60%
50%
0% B 1:<30years

o 02:31-40years
20%
113:41-50years

10%

B 4:>51years
0%

M Existing REquired NA 1

a) On fields of interest b) On expected age
Fig. 1. Profile of workforce needed

Figure la presents the work profiles with higher education studies needed in the textile industry.
There is a large need for Electronics and IT engineers when compared to existent work force.
Quality engineers and textile engineers have the largest share when it comes to existent workforce,
however demand of textile engineers is still at high percent of 30%. Another category of needed
work force are marketing assistants and clothing designers, with 30% respectively 33%.
Less interest was reported for chemistry engineers, a fact explained by less used chemical finishing.

Figure 1b states the fact that textile professionals are mostly demanded with age expectation
between 31-40 years, having a share of 47%, followed by the younger generation of specialists aged
under 30 years, having a share of 29%.Experienced professionals over 51 years are still demanded, for
their long-lasting expertise, with a percent of 8%.

Figure 2 shows modalities to foster innovations in technical and smart textiles within companies on
partnership level. Great shares were reported for participation in fairs (28%) and partnership
with research providers (26%), such as universities and research institutes. Still, suppliers and clients
are involved within innovation process (24%) and consumer analysis is performed for market
tendencies (22%), for the interviewed companies.
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Fig. 2. Modalities to foster innovation in technical and smart textiles for companies

Figure 3 presents the interest of textile companies on partnership level to produce first generation
smart textiles. Highest interest was reported for water resistant and conductive thermic and electric
textile products with 18%. Another category of products was the stain resistance textiles (16%) and
Personal Protection Equipment - PPE with ultraviolet light protection (14%). Other products were
less envisaged, such as hydrophobic textiles (10%) or textiles to absorb water vapours (9%). Plasma
and optical treatments on textiles, although modern technologies to impart novel functionalities on
fabrics, had less interest (5%).

WUV PPEs

Mplasma treatment

W optical treatment

M conductive thermic / electric
m water resistant

m stain resistance

@ absorb vapours

 hydrophobic non-porous

Other

Fig. 3. Interest of companies in developing first generation smart textiles

3. CONCLUSIONS

Skills4Smartex project is still ongoing. Its results for the first year cover the Guide for smart
practices of 74 pages with graphs and comments related to survey on smart textiles, some interviews
with companies, meant to enable transfer of best practices from source sites (companies with results
in smart textiles) to target sites (other interested companies and VET schools) and methods for an
efficient smart practice transfer.
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Future activities include the elaboration of the course’s modules from STEM to SMART (shows basic
disciplines relation to smart textiles) and from SMART to STEM (shows components of smart
textile prototype into basic disciplines). Each partner is responsible for a chapter and each chapter
tackles modules on physics and maths, material science and chemistry plus electronics, in both
approaches. Chapters are: Novel fibres for smart textiles applications: INCDTP, Materials &
methods (plane materials, composites) for smart textiles: UT lasi, Virtual prototyping of sensors on
garments: Uni Maribor, Smart textile design: TecMinho, Smart textiles prototypes: UGent, Data
processing: INCDTP and New methods for testing smart textiles: TZU. Draft content of modules
from STEM to SMART has been accomplished at the Joint staff event at UGent, 22-24.05.2019
(Figure 4). The total number of 42 modules will be however difficult to access: this is why Output3
of Skills4Smartex foresees a dedicated e-learning instrument, which will enable selection of
desired module via a filter. The instrument will be programmed in PHP/MySQL and enables
quick and direct access (without authentication) to the project’s modules. This feature of the
instrument is in line with the requirements of Erasmus+ program, which states free access for all
outcomes resulting from the funded projects.
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Abstract: In the paper / communication, the problem of electrostatic loading of textile fibers in the
air pipes is being treated in an innovative way, occasioning explosive hazards. The thematic aspect
approached is essentially required in mining security solutions in the underground exploitation of
energy coal and coke in the Jiu Valley mines, where methane (CH4) and coal dust are found to
form the grizzly atmosphere. It is specified that methane and coal dust in a concentration of
9.8% have the maximum devastating potential of explosion, with all the medical /
deadly consequences among people. Observations show that synthetic fibers used in partial air
tubes have low electrical conductivity and load significantly, electrostatically. The proposed
variant of the authors is to resort to the choice of different textile fibers placed on the stack /
range of electrostatic stresses.

Keywords: antistatic treatment, textile fibers, ventilation tubes, explosive gas, environment

1. INTRODUCTION

The actual reality in the mining sector, when using textile tubes to provide partial underground
airing in coal mines, highlights the drawbacks of static electricity loading.
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The safety of work and mining personnel is ensured when it is possible to neutralize the respective
tasks, creating conditions for avoiding the ignition of methane gas and the production of gas
explosions.

In the textile field, the thesis and the reality are accepted that, when rubbing two surfaces, one of
them, namely that characterized by a value of the higher dielectric constant, positively loads (Cohn's
rule).

2. THEORETICALAND EXPERIMENTAL WORK

Materials and method

According to P.S.H. Henry, (Reed Woodhead Publishing Limited, 2008, p. 665), it can be seen from
the practice that the loads which electrostatically mark the dangerous limit to the air tubs and the rubber
bands from the underground conveyors are 1500 uC / m?. The transfer of electrostatic charges is
operated for infinitesimal areas of 100 nm?.

In laboratories the electrostatic charge of textile fibers can be measured using Faraday cylinders. For
example, the Fraser 715 Static Meter can indicate where and how electrostatic charging,

magnitude and polarity are to occur. The electrostatic charge on the surface of a textile material can be
measured at a distance of 100 mm.

Order of the Ministry of Interior of Romania, Nr. 108 of 1 August 2001 for the approval of the
General Provisions on the Reduction of Fire Risks Due to Electrostatic Charges, published in the
Official Gazette no. 597 of September 24, 2001 shows that antistatic is the intrinsic feature of the
material not to be charged with static electricity in environments at risk of fire or explosion.

Static electricity is the energy of electrical nature due to electrochemical phenomena, friction, heating,
relative change of contact surfaces. The formation and accumulation of electrostatic charges is
associated with the occurrence of an electrical charge on the surface of an insulating or insulated
conductor.

The most common types of electrification are: friction, direct contact, influence, electrochemical and
photoelectric action.

The main materials and substances likely to form and accumulate electrostatic charges are artificial
fibers and wool-based textiles.

Depending on the characteristics of the technological processes and the reaction capacity, solutions
for the static electricity dispersion can be adopted by: a) earthing; b) neutralizing tasks; c¢) reducing
friction; d) atmospheric humidification; e) increasing the conductivity of insulating bodies.

C. Allende (2013) in the title paper Conventional and numerical models of blasting gas behavior in
auxiliary ventilation of mining headings, in Tunnelling and Underground Space Technology,
(February 2013, p.4) show that “In order to predict the effects of turbulence fluids it is not necessary
to do so without resolving all scales of the smallest turbulent fluctuations. In general, turbulence
models attempt to identify new models of the original Navier—Stokes equations — Reynolds Average
Navier—Stokes (RANS). The equations only represent the mean flow quantities and all the scales and

fields of turbulence are modelled.”
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On the other hand, “Electrospinning is a process by which electrostatic field super thin fibres from
polymer solution or polymer melt are produced. This study is a theoretical analysis of the distribution
of the electrostatic field forming around spinning points in the area where polymer streams are formed
and stretched. The model parameters were as follows: the number of capillaries, the distance between
the capillaries, the capillary tip — including the electrode distance and the value of the supply voltaje”.
(R. Rangkupan, et al., Electrospinning Process of Molten Polypropylene in Vacuum, in Journal of
Metals, Materials and Minerals. Vol. 12 No. 2 pp. 81-87,2003)

In the underground exploitation of energetic coal in the mines of the Jiu Valley, the presence of
methane (CH4) and coal dust leads to the formation of the gritty atmosphere.

Methane and coal dust in a concentration of 9.8% has the maximum devastating potential of
explosion, with all the medical and deadly consequences of the smoke.

In the paper / communication, the problem of electrostatic loading of textile fibers in the air pipes is
being treated in an innovative way, occasioning explosion hazards.

The innovative solutions proposed by us for the dispersion of static electricity from the textile
material embedded in the partial air ducts in the underground grizzus mines are based on grounding
knowledge and decisions in the field by means of finite mixed multimodal models characterized by
linear regression.

Using proximity matrices for electrostatic charge values of textile fibers, we obtain calibration

variants of hazard classifications for dangerous electrostatic charges.

3. RESULTS AND DISCUSSION

From practical, practical observation, synthetic fibers typically have low electrical conductivity and,
on this background, load significantly, electrostatically.

It is notorious that electrification is achieved by rubbing two non-conductive materials, thus two
constituent elements of the charge assembly, characterized by dielectricity.

The process occurs when the electrons on one of the surfaces pass / slide, on the other surface. [11]
When friction occurs, there is a mechanical and thermal energy supply. In this quasi-dynamic
environment, the material characterized as significantly electronegative yields the electrons of the
most electroppositive.

Materials are loaded positively or negatively, depending on their nature. It is noticeable that natural
materials usually become positive, and synthetic ones are negatively affected.

In the textile field, it is accepted the thesis and the fact that, when rubbing two surfaces, one of them,
namely characterized by a higher dielectric constant value, positively loads.

In the mining sector, in the use of textile tubes to provide partial underground airing, particularly in
coal mines, the inconveniences found in static electricity can be counteracted / remedied by
neutralizing the load as soon as it signals that it has formed. In this way, the conditions for avoiding
the ignition of methane gas and the production of explosions are achieved.

An alternative procedure in the art is to increase the superficial conductivity. [4]
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Neutralization of tasks is one of the most commonly used ways. The proposed procedure is to use
fiber mixtures for the production of textile products, found in the partial air tube
construction, resistant to electrostatic charges.

Our proposal is to resort to the choice of different textile fibers placed on the electrostatic stretch
scale / range.

However, such mixtures are limited by the fact that the blending of the fibers can not be generalized.
In this innovative, textile recipe, some criteria differ from anti-electrostatic ones. [5] For the
situation in the mining sector, the use of textile tubes for partial underground airing, especially in
coal mines, mentions: the destination in the gritty mines of the textile product obtained from the
blending of fibers, the specific availability of materials raw, particular technological
difficulties of textile processing, particularly with respect to filament.

However, in our opinion, the increase of superficial conductivity can be materialized by
inserting metallic threads into the texture of the textile product, which means the use of
metallization of its surface, in the context of various antistatic  agents.
Of the set of antistatic agents, those who are engaged in highly configured mechanisms that increase
the conductivity of the textile fiber surface are distinguished.

In the mining sector, in the use of textile tubes to provide partial underground airing in coal
mines, such an approach means effectively preventing the accumulation of electricity by
means of accentuated discharge speeds. [7]

Among the anti-static chemical agents, non-permanent antistatic products, which are of permanent
character in the final treatments, aim at improving the underground behavior, the grizzled mines
and the explosions of methane gas of the textile materials in the galleries and
abates.

Our proposal for substances with temporary / non-permanent antistatic effect refers to tensides.
They have hydrophilic-hydrophobic asymmetric structures and adsorb on the surface of the
fibers, modifying the surface properties of the textile material.

The cationic quaternary ammonium compounds (in this case, the hydrocarbon radical contains 16-
22 carbon atoms) are retained in the series of antistatic tensides. Non-ionic surfactants are
ethoxylates of fatty acids, fatty alcohols, alkylphenols, alkylamines, alkylamides and phosphorus
compounds. [3] Textile fibers, however, are in the dielectric class, with dielectric constant, thermal
conductivity being specific.

Fibers with significant accumulation capacity of electrostatic charges must be unloaded from the
accumulated loads, thus achieving mining security conditions for the mining mining situation

when using textile tubes to provide partial underground aeration, especially in coal mines.

4. CONCLUSION

Fabric softening (depositing on their surface a film that reduces the coefficient of friction), increasing

the superficial hygroscopicity, and thus electrical conductivity, are other alternatives for reducing
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electrostatic charges.

As such, we believe that innovative technologies are needed to develop the process of designing new

chemical structures in textile products with antistatic effects.

Similarity and antistatic disparity are viewed in the present assertions as expressions of correlation

properties (non-correlation or quasi-complete correlation).

However, it is useful to identify quantitative descriptors that, in linear / nonlinear chemical structure

of textiles, suggest ways to control / control dangerous dangerous electrostatic charges.
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Abstract: Implantation of any prosthetic material triggers a cascade of events that mark the
initiation of the healing process. In the case of abdominal mesh implantation, the course of
inflammation and wound healing are paramount. The biomaterials employed as a medical device
are in close proximity with devitalized tissue parts which can promote microbial colonization
resulting in infection and subsequently impaired wound healing. The advent of nanofiber
based systems provides novel opportunities to develop hernia meshes with increased
biocompatibility and good material strength. Electrospun nanofiber matrices exhibit morphological
similarities to the natural extra-cellular matrix (ECM), with ultrafine continuous fibers, high
porosity high surface-to-volume ratio, and variable pore-size distribution. This mini review
summarizes the advantages and challenges associated to nanofiber systems.

Keywords: nanofiber, hernia mesh, electrospinning, tissue engineering

1. INTRODUCTION

A hernia is defined as a protrusion or prolapse of an organ through the wall of the cavity where

it normally resides [1]. Based on their physical location, hernias can be inguinal (70-75% of
cases), femoral (6—17% of cases) or umbilical (3—8.5% f cases). Hernias are routinely repaired by
the use of surgical meshes. So far, a wide array of meshes are commercially available but synthetic
meshes can become rigid after scar plate maturation subsequently leading to reduced
compliance of the abdominal wall. Hence, a mesh to perfectly mimic the physiology of the
abdominal wall still does not exist. Within this context, tissue-engineered scaffolds have emerged

to repair the host damaged tissue by providing a biodegradable extracellular matrix
environment to mimic the normal host response. The ECM is comprised of a nanofibrous
network of regulatory and structural polysaccharides and proteins. Cells interact with the
ECM by employing cell surface receptors and cell adhesive ligands the regulate cellular adhesion,
proliferation, migration, and differentiation [2].

2. NANOFIBERS FOR HERNIA MESHES

Nanofibers are generally fibers with a diameter less than 100 nm, but fibers produced via ultrafine
manufacturing techniques (i.e. electrospinning) harbouring diameters less than 1000 nm, are also
classified as nanofibers. Nanofiber scaffolds have certain benefits including good suitability for high-
density functionalization, high surface area to volume ratio, unconventional mechanical properties and
elevated diffusive capacities. Several nanotechnological approaches exist for nanofiber development
including electrospinning, phase separation, melt-blowing, self-assembly and template synthesis.
Among these, electrospinning and self-assembly are mostly used due their high versatility [3-5].

Electrospinning requires the application of a strong electrical field to a droplet formed from a polymer
solution. Charging of the fluid produces the deformation of the droplet and the fluid jet ejection from
the tip of the cone. The charged jet is further accelerated toward the counter electrode, thinnning
rapidly due to droplet elongation and evaporation of the solvent until solid or wet fibers are deposited
onto a substrate, generally a planar surface from the top of the counter electrode. Electrospinning is a
cheap and simple process that yields continuous fibers and hollow fibers. Due to its versatility,
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electrospinning may be applied to a variety of materials in order to obtain knitted structures [6], core-
shell structures or aligned nanofibers [7].

Electrospun nanofiber scaffolds can provide a cheap hernia mesh harboring customized mechanical
properties, drug release capabilities, degradation rates, and high capacity to support native tissue
regeneration. Electrospun meshes can be made from bioresorbable polymers including Polylactide-Co-
Glycolide (PLGA1090), Polydioxanone (PDO), Polycaprolactone (PCL), Polylactide-CoGlycolide
(PLGAS218), and Poly-L-Lactide (PLLA) as well as from non-resorbable polymers including
Polyethylene Terephthalate (PET) and Polyurethane (PU) (Fig.1).

b.ro

Fig. 1. SEM micrograph of PET-Collagen
nanofibers obtained via electrospinning (mean
diameter 140 £+ 38 nm)

Mesh integration lasts about 12 weeks and is a progressive event starting from the implantation
accompanied by the foreign body reaction and is finalized as the overall strength increases gradually.
The resulting tissues is less elastic with only 70-80% of the strength of the native connective tissue[9]
Importantly, an aggressive integration may be harmful to the surrounding tissue leading to a severe
body reaction, fibrosis, inflammation, infection, and ultimately mesh rejection [10]. The fibrotic
reaction is triggered by the chemical nature of the biomaterial implanted and as well as its physical
characteristics. Thus, integration and overall healing in case of implantable surgical depends on the
intrinsic mesh characteristics such as the primary material, pore size, filament structure, and tailored
coatings.

Pore size and porosity govern the tissue reaction to the prostheses because they affect bacterial growth
and cell proliferation. Bacterial colonies established mainly in the spaces between pores and fibers.
Macroporous meshes with large pores may facilitate entry of fibroblasts, macrophages, and collagen
fibers that will develop the new connective tissue, integrate the prosthesis to the host and hinder
microbial colonization [11]. Microporous meshes, with a porosity smaller than 10 um exhibited higher
rejection rates because scar tissue rapidly bridges small pores subsequently leading to minimum
integration, and chronic inflammation.

Electrospun nanofiber matrices harbour a a wide range of mechanical properties entirely different
from original bulk materials. Thus, the mechanical properties of fiber matrices depend on th ,
fabrication procedure, chemical composition fiber diameter and their alignment. Fiber alignment in
nanofiber matrices significantly improves the mechanical properties. For example, poly(e-
caprolactone) non-aligned nanofiber matrices exhibited a tensile modulus of 2.1 + 0.4 MPa. Fiber
alignment was enhanced when the mandrel speed was increased from 4.0 to 8.0 m s—1 and the
resulting nanofibers showed tensile moduli 7.2 + 0.6 and 11.6 + 3.1, respectively [12] .Ideal choice of
polymer and fabrication approach, optimization of fiber diameter composition, aligning fibers and
nanofiber cross-linking are several strategies to alter the mechanical properties of the nanofiber
meshes. Altogether, these efforts can yield mechanical properties to meet the requirements of an ideal
hernia mesh.

Nanofibrous systems have certain advantages including higher microporous structure, a high specific
surface area for cell attachment and a 3D micro environment for cell-cell and cell-biomaterial contact.
Compared to commercial surgical meshes, nanofibers exhibit higher porosity and smaller pore size.
For instance, efficient cell attachment and proliferation were present in fiber systems with average
diameters smaller than 1 pm and an average pore size of 14 um [13]. Importantly, in commercially
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available meshes, the cells exhibit impaired attachment and proliferation — since cells were observed
around the fibers. Conversely, in the case of nanofiber based meshes, host cells attach to the fibers and
further proliferate while establishing contact with underlying nanofibers, hence leading to interlayer
growth.

The use of nanofiber based meshes is hindered by several factors including nanofiber availability and
poor mechanical properties. The majority of nanofibers are obtained by electrospinning (ES);
however, ES has been limited to laboratory-based research due to challenges of obtaining increasing
yields. Morevover, ES requires the use of a solvent and can be costly but most importantly it increases
the danger of contamination of the final materials with toxic organicsolvents.

Routinely, electrospinning involves the use of several fluorinated and toxic organic solvents in order
to dissolve the polymers. It is well known that toxic solvents have the potential to affect the structural
conformation of several biopolymers and proteins and lead to undesired cellular response. These toxic
organic solvents urgently need replacement with aqueous based or less toxic solvents during ES.
Moreover, several aspect require optimization including the nanofiber production efficiency, packing,
shipping and handling. Within this context, Forcespinning® (FS) has emerged as a process that is
based on developing nanofibers through the application of centrifugal forces [14]. This novel method
shows great potential to produce yields at an industrial scale as well as to produce nanofibers from
melt based systems.

3. CONCLUSIONS

Surgical meshes are widely used for hernia repair. Among the various types of meshes currently
available, nanofibers have emerged as a potent structure to be used as a coating, due to their
ultralightweight quality, which can potentially minimize the inflammatory response from the body and
also due to their functional porosity important for cell adhesion and proliferation. Nanofiber systems
have the potential to be used in combination with currently available commercial meshes to improve
the mechanical strength required to bear the intra-abdominal pressure exerted by the human body.
Future studies are required to analyse the effect of nanofiber morphology, the mesh design (i.e.,
uniaxial aligned, radially aligned, orthogonally patterned) needed to improve the mesh structural
properties, and most importantly their in vivo effects.
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Abstract: The main goal of the study was to develop new innovative aspects such as a new approach to
produce comfortable UV shielding fabrics with UPF > +50 by engineering innovative structured
textiles surfaces, combining natural selected dyes and modified nanoclays leading to high UV rays
reflection and increased use of renewable resources (natural dyes) and safe natural minerals (clays)
with high impact on human health and environment (avoidance of the substances excluded by eco-
labels and the REACH SVHC candidate list) were envisaged. The paper present the level of UPF
obtained by using different textile materials treated with NanomerR 1.31PS, Nanomer clay and
NanomerR 1.28 E, Nanomer clay.

Keywords: UV rays, protective textiles, comfortable, nanomer

1. INTRODUCTION

UPF-rated clothing enhances everyone’s protection against UV-related health risks, but it is especially
helpful for: sun-sensitive people: people with fair skin that burns easily are more vulnerable to UV
rays; children: kids have thinner, more sensitive skin. Damage at an early age can also increase their
risk of more serious problems later in life; people at high elevations, in equatorial regions, or on
snow or water: sun intensity is greater in each of these environments; people taking
medications: Sun sensitivity is increased by a wide range of drugs, including acne treatments,
antihistamines, antibiotics, certain anti-inflammatories, even herbal supplements[1]. Double-check
all your medications for cautions about the sun. A UPF rating of 25 indicates the fabric of a
garment will allow 1/25" (roughly 4 percent) of available UV radiation to pass through it. A
garment rated UPF 50 permits only 1/50" (roughly 2 percent) UV transmission [2,3]. Any fabric that
allows less than 2 percent UV transmission is labeled UPF 50+. Fabrics rated below UPF 15 are
not considered UV- protective. A typical white cotton T-shirt, for example, offers about a UPF
5 rating, which means that 20 percent (1/5) of available UV radiation passes through it
[4-5]. Many attempts were performed to create protective textiles against the destructive
effects of UV rays:treatment with UV absorbers able to convert electronic excitation energy into
thermal energy, acting as radical scavengers and singlet oxygen quenchers; inclusion into fibers or as
finishes of metal oxide

187


mailto:certex@ns.certex.ro
mailto:Dana.stefanescu@tanex.ro
mailto:na.stefanescu@tanex.ro
mailto:majutex@yahoo.com

nano particles (Ti02, ZnO) but used in low quantity, they have no effect on UV rays absorption and,
used in large quantities, impair the textile properties and act as photocatalysts, degradating
textiles; dyeing with different types of dyes: some dyes or pigments absorbs in UV increasing
the UPF of textiles;design of tightly fabric structure: UV protection is strongly related to the
fibres physico- chemical properties, presence of UV absorbers, construction, thickness, porosity,
stretch, moisture content, color and the finishing of the fabrics[6].

2. MATERIALS AND METHODS

For the treatment with hybrid ceramic nanocomposites, 100% cotton knits were used. The following
nanoceramic composites were used for the experimentations:

- Nanomer [.28E, a modified surface nanoclay containing 25-30% trimethyl stearyl ammonium,
Sigma-Aldrich, USA;

- Nanomer [.31PS, a montmorillonite whose surface is modified with 15-35% octadecylamine and
0.5-5% aminopropyltriethoxysilane, Sigma Aldrich, USA.

In fig. 1 are presented SEM images of nanomers and in fig.2, EDX spectrogram for .28 E nanomer
and in fig.3 and fig. 4 for .31PS nanomer.

[ Map Sum Specirum
°

Fig. 2. EDX-1.28.E

Fig. 3. SEMimagies 1.31PS Fig. 4. EDX-1.31PS

From the EDS energy dispersive spectral analyzes, the majority of the elements Carbon and Oxygen
are observed and in small percentages Silicon, Aluminum, Iron and Calcium the mass percentages
determined being semi-quantitative.

The fabrics were dyed with reactive dyes Red S-3B and Blue SF-R and treated with ceramic
nanocomposites [.28E and 131PS (0,5% and 1,0 %), in the same bath.
The UPF values were evaluated according to the Australian/ New Zealand standard (AS/ NZS 4399-
1996), for the ultraviolet spectral range with a wavelength of 290-400 nm using the Varian
spectrophotometer equipped with an integrated sphere accessory and a support for fabrics. For each
sample, UPF is calculated according to the following equation:

UPFi = SEASAANE EASATAAL (1)
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where E is CIE relative spectral efficiency; S is the solar spectral radiation; T is the spectral
transmission of the fabric; AA is the difference of the wavelengths expressed in nm and A is the
wavelength expressed in nm.

3. RESULTS AND DISCUTIONS

In the table 1 are presented UPF values obteined before and after the treatment of the textile materials
with ceramic nanocomopsite for both color variants and quantity of nanomers (0,5% and 1,0%).
Tables 2 and 3 show the results obtained on the Varian spectrophotometer.

Table 1: UPF values obtained before and after treatment
Indicator Initial .28 E .31 PS
Red | Blue 0,5 % 1% 0,5 % 1%
Red | Blue | Red | Blue Red | Blue | Red | Blue

UPF nondetectable | non | non | non 50+ 50+ 50+ | 50+ | 50+

Table 2: Results obtained on the Varian spectrophotometer
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After treatment with 1.28E and 1.31 PS in concentration of 0.5 g /1 and 1.0 g/ I, very high values of
non-detectable UPF in 1.28E were obtained and measurable in [.31 PS in the case of textiles materials
dyed with red dye.The concentration of nanomer did not change the value of UPF.

Table 3: Results obtained on the Varian spectrophotometer
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The values obtained for UPF, in the case of blue knitted materials, are as large as those of red-dyed
knitwear. However, in the case of blue color, some small decreases of UPF are observed in treatment
with .28 E — at 1,0g /1 and 1.31 PS at both concentrations (0.5 and 1.0 g / 1), the values being yet at
50+. And in the case of blue color the untreated variant has a very high protection factor, provided
only by dyed one.

To perform the SEM analyzes for the surface of the treated textiles, only the secondary electron SESI
detector from the sample chamber was used for a better topography / morphology of the analyzed area
(fig.5). Magnifications of 1000 X 5000 X 20000X and greases of 50000X were used. The analyzes
show a uniform morphology of fibers covered by polymeric material + nanoparticles of different sizes.
EDX showed the same composition of nanomers (fig.6).

Fig. 5. SEM images red andblue color-1.28E Fig. 6. EDS spectra

4. CONCLUSIONS

1. 100% cotton knitwear was treated with 2 types of nanoceramics: [.28E and L.31PS in two
concentrations 0.5 and 1.0 g/ 1, in the same phase with dyeing with Red S-3B and Blue SF-R dyes.

2. EDX analyzes on the composition of nanoceramics show that the majority of the elements are
Carbon and Oxygen and in small percentages Silicon, Aluminum, Iron and Calcium the mass
percentages determined being semi-quantitative.

3. Treatments with nanoceramics 1.28E and 31.PS result in obtaining excellent UPF values in both
concentrations of 0.5g /1 and 1.0g /1.

4. The influence of the dye on the UPF value is not significant, the values obtained being excellent for
Red S-3B and Blue SF-R.
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Abstract: In the paper the new original idea is launched that in fact the behavior of the
fabric must be examined from the point of view of preserving the quasi-constant "fixed"
behavior in the form, the use properties and the content of the use / consumption,
respectively in order to ensure a networks of interspaces in the fabric which allow
flexibility of the properties and characteristics required by the use. Based on this,
systematized sources of evidence are obtained to obtain products with referenced
structured and referenced structures and functionalities in non-Markov neural networks.
As such, the "empty" spaces in textile fabrics with structures and functionalities modeled and
referenced in non-Markovian neural networks are in fact only generically called so because
there is an "absolute vacuum".

Keywords: textile fabrics, modeled structures and functionalities, neural networks

1. INTRODUCTION

In textile production there is a need to provide a network of fabric interstices to allow for the
flexibility of the constructive-functional properties and the characteristics required by the use.
It is appreciated that the whole fabric structure of textile is conventionally in a permanent "mobile
dynamism" under neutral-inclusive optimization.

In essence, it is considered necessary to identify an equivalent indicator of degrees of freedom in
a neural non-Markovian textile network with implications assimilated to the commodity values in

accordance with the requirements of clothing manufacturers, those using textile materials.
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2. THEORETICALAND EXPERIMENTAL WORK

Materials and method
The approach to article / communication in context refers mainly to the merging of fibers into
a

"textile" that is of the "quasi-infinitely irregular network" type. (Figure 1)
S(F1.Fr)

| Y

F11 Fzz - Fre

Fig. 1. The spaces of the quasi-infinitely irregular network of textile fibers with physical properties

dependent on their material structure
F1, F2,.. Fn = quasi-horizontal fibers; Fi1, F22, . Fan = quasi-vertical fibers;

S(F1, Fn),...,S(F11, Fan) = “empty” spaces.

The so-called "empty" spaces, in fact, are only generically cataloged because there is no "absolute
void". These spaces can accommodate: 1) air (gases), 2) liquids, 3) material substances from the
environment. On the other hand, even long-chain molecules can be found in disordered
or "oriented arrangement". We appreciate that the entire textile fabric structure, shown
schematically above, is in a permanent "mobile dynamism" (DM) under neutral-inclusive

optimization. (Figure 2)
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Fig. 2. Algorithm of neutral-inclusive optimization of the structure and physic-dynamic situations of
textile fibres
{T} = textile; (DM) = mobile dynamism; D, = imbalances; R. = rebalancing; (SNI) = Neutral-
inclusive situations for structural and physic-dynamic optimization of the textile fibres.
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The behavior of the textile fabric must be examined in the following ways: a) keeping quasi-
constant "fixed" behavior at the level of the form, use properties and material content in
accordance with the production / consumption (consumption), b) providing a set of constructive-
functional looms of the fabric, taking into account the lengths, the diameter, the flexibility of the
fibers; providing a network for fabric, behavior at variations in temperature, humidity, light,
chemical agents, pressure, erosion, torsion, and so on. ¢) providing a network of interspaces in the
fabric that allow the flexibility of the constructive-functional properties and the characteristics
required by the use.

We appreciate the need to intercorrelate (integrated, articulated) study of the three perspectives of
behavior. The main purpose of the research is to obtain an optimization indicator (minMax) of
the configuration, properties and structure of the fibers / textile fabric in the non-Markov
dynamic mobility regime. In the first place, we consider that it is necessary to formalize an
equivalent Indicator of Degrees of Freedom for Textile Neural - Non-Markov Networks
(IEGLRTNN) = (Ig).

In fact, it is envisaged projection of some Classification of Textile Reference Models, {Cim},
in function (in relation) to the registered sizes by (Igm), so as to identify results with
implications (consequences, effects) assimilated (considered) orderly values for textile products
in accordance with the requirements of contemporary manufacturers (Cpu) of clothing, of those

who use textile materials in industrial processes, in medicine and in the military industry:

{To} fISND] —{Ti}f[(Ig)] = {T2}f{Cum}] = {Ti= Topimj (1)

in which: {To}; {T1}; {T2},...,{Ti} = phases, stages of appreciation of the size and characteristics
of fabric considered to be commendable value; {Topim} = registered (achieved,
accomplished) value.

Developers of innovative technologies and advanced knowledge-based textile

production programs can use the method and research results in applications for competitiveness.

3. RESULTS AND DISCUSSION

Methods of investigating textile fabric structures need sources of evidence to obtain products
with modeling and referenced functional structures and functions in non-Markov neural networks.
Therefore, we appreciate that the explanation of the fiber structure with the above mentioned
characteristics is based on information sources, which refer to: general physical properties,
thermal analysis, absorption of infrared radiation, nuclear magnetic resonance, optical
properties, chemistry of fibrous material - preparation, molecular composition, optical
diffraction studies, electron microscopy and electron diffraction, optical microscopy, density, etc.

From an analogous perspective, in fact, the requirements for fiber formation in a general non-
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Markovian regime refer to long chain molecules that provide the constitution of long-fiber filaments.
When molecules or fibers are too short, it is possible to record the loss of strength.

We appreciate that textile fabrics with structure and functionality referenced and referenced in non-
Markov neural networks require a more or less parallel arrangement of molecules and side forces to
reunite molecules and to impart cohesion to the structure.

Therefore, the physical properties of textile fibers are somewhat cantonal in the constitutive area
with the freedom of molecular movement, which gives the fabric the extensibility of the fibers.

In fact, a certain type of opening for physical matrix spaces for moisture absorption and, as the
case may be, for the absorption of dyes, is achieved in this way.

In fiber retelling found in structures and functionalities modeled and referenced in nonlinear
neural networks, side forces maintain orientation and molecular characteristic arrangements.
Two-dimensional visions in the field do not have a fundamentally quantifiable basis, but only reflect
the fiber design concept found in structures and functionalities modeled and referenced in non-
Markov neural networks.

The accessibility, order, orientation, and extension of textile structures and their modeling and
referenced functionalities in non-Markov neural networks are quantified in order of rank, degree
of orientation, and magnitude of molecular extensions.

Besides, we do not find perfectly structured structures, because they are never perfectly oriented
or fully extended.

However, a structured textile structure referenced in non-Markov neural networks is completely

disordered if it is completely disoriented.

4. CONCLUSIONS

The production of textile fabrics with structured and classified functionalities and functionalities

in non-Markov neural networks is a unique, original approach, launched for the first time in the
scientific literature in the field.

Practitioners, developers of strategies, tactics as well as innovative eco-technologies and advanced
textile-based textile production programs can use the method and research results in applications for
competitiveness.

The "empty" spaces in textile fabrics with structures and functionalities that are modeled and

referenced in non-Markov neural networks in fact are only generically called so because there is

an "absolute vacuum".

The advanced analysis and method for scientific research in the field provides solutions for
providing a set of constructive and functional freedoms of the fabric, taking into account the lengths,
the diameter, the flexibility of the fibers; it is also found that a network of tissues, the temperature,

humidity, light, chemical agents, pressure, erosion, torsion and so on.
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Abstract: In the paper are presented several aspects concerning the experimental preparation for
sensors and actuators by using the factorial scheme based on independent and dependent variables
and principal component analysis. The leading technologies envisaged are the classical ones
(padding, coating, and printing) and advanced technologies such as RF plasma, microwave, and
3D printing. PCA is a statistical procedure well known by researchers and is based on
orthogonal transformation of the variables possible correlated into a set of variable linearly
uncorrelated (PC). The resulting vectors are a linear combination of the variables and contain x
observation and represent an uncorrelated orthogonal set. Besides, in this paper are presented
several technological flows for obtaining conductive or semiconductive 3D composite
materials by using the standard and advanced technologies above mentioned.

Keywords: sensors, textiles, electroconductive, plasma, microwave

1. INTRODUCTION

To design the composite based on 3D electroconductive polymers for sensors and actuators
should be used input data specific (parameters of the installations and
independent parameters) and output data (volume resistivity, surface resistivity, the
electrical resistance, and electrical conductivity). The composed techniques for obtaining a
composite materials based on the advanced technologies (microwave, plasma, digital 3D
printing) and classic technologies (padding, coating, printing) can be used in obtaining a
composite materials on the basis of the polymeric array 3D with electromagnetic properties,
but also on the intrinsic properties of polymers (conductive, semiconductor and insulator).
At the same time, for the manufacture of advanced materials for sensors or actuators, has
been taken account of the features which must be satisfied by material for sensors
(liabilities) and actuators (active):

=>To achieve the sensors should be used materials for electrodes with specific surface
resistivity 10'-10* Q and semiconductors with the surface resistance values between 10°-10’
Q. Sensors[1] convert the size of the input energy (mechanical energy, electric, magnetic,
thermal, chemical energy) into electrical energy. The materials used have specific electrical
properties (conductive and semiconductive) because it can allow high accuracy and precision
of data.

=>»To achieve the actuators (items that can be activated to stimulus actions mechanical,
magnetic, optical, thermal, etc.) shall be used smart materials [2]) such as piezoelectric
materials[3], electrostrictive materials, magnetostrictive materials, materials with rheological
properties, shape-memory materials [4] (heat-sensitive materials), sensitive to pH, and
electrochromic materials.

Actuators act by the energy conversion (electrical, mechanical, optical, chemical or thermal)
of a form in another, and depending on the type of the input energy conversion into output
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energy, and there are different types of energy conversions which correspond to different
types of actuators (Table 1).

Table 1: Types of actuators

No. TheTypeofactuator Energy conversion Action
Crt.
1 The heat shield Curd stretching Mechanical
2 Magnetic media Magnetomechanical Mechanical
3 Strength Electromechanical Mechanical
4 Piezoelectric Piezoelectric Diagram
injectors
5 Optoelectric Optoelectric Diagram
6 Optotermic Optothermic Thermal
7 Magnetorheologic Magnetic holder Rheologic
8 Electrochemic Electrochemical Chemical
9 Photochemical Photochemical Chemical
degradation

An example is known artificial muscles carry out based on the electric active polymers [5, 6,
7] electroactive and ionic electroactive). For the achievement of the polymeric composite
materials with 3D Properties suitable for use in the framework of the actuators or
sensors can use advanced technologies such as RF plasma, 3D printing, and microwave.

The literature, it is known that the treatment of textiles in RF plasma of Ar and O> leads to
obtain the activation of areas and increase the fabric hydrophily [8, 9]. Also, the treatment of
textiles in RF plasma CF4, C>F¢ lead to obtaining hydrophobic surfaces [10, 11].

2. EXPERIMENTAL PART

For the carrying out of the trials have used the installation of plasma equipment (INCDTP)
parameters and it has established a factorial plan for tests 4 independent variable factors that
influence the process by two distinct values, as follows: Time (1-2 minutes), power (40 - 50
kHz), (60-70) gas flow and pressure 0.01-0.02 kPa).

To obtain materials with electroconductive properties have been selected for laboratory
experiments at the level of the following processes composed:

O O RF plasma =» Padding with variate size of metallic microparticles = 3D printing
=>»with conductive filaments;

O O> RF plasma =» Coating with pasta based on magnetic or metallic microparticles =
3D printing with conductive filaments;

O RF plasma C,Fs = 3D printing with conductive filaments;

O RF plasma CF4 =» 3D printing with conductive filaments;

O Argon RF plasma =» Padding with dispersions based on metallic microparticles = 3D
printing with conductive filaments;

O Argon RF plasma =» Coating with pasta based on microparticles = drying with
microwave =2 3D printing with conductive filaments

3. CORRELATIVE ANALYSYS

To provide these correlations between dependent and independent variables (parameters of
the installation of the plasma) has been achieved a factorial analysis (analysis of principal
components (ACP) ) to resolve the following issues:

=> Reducing the complexity of the data (data reduction) (table 2-5);

=> Highlighting and establishing of these correlations of the variables (table 2);

=>» The determination of the latent variables (fewer) which are located at the rear of the
variables measured (more); the behavior, variant of the variables measured can be found in
the variant of hidden variables (influencing factors), which determined by the association.
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Thus, if there are variables (factors) xi1, X2, ... Xp, it is desirable to determine certain variables
(components) C1, C2,...,Cm, where (( ; =ww ;XX 1+ww ;200 2+ +ww X, to

obtain m<<p.
Table 2: Their Vectors

Variables [ PC1 |PC2 |PC3 |[PC4
Power -1.000 [0.000 {0.000 |0.000
Pressure {0.000 |0.000 |0.000 (1000

Gas flow [0.000 |-1.000|0.000 [0.000
Time 0.000 [0.000 [-1.000 [0.000

Table 3: The analysis of the covariance array

Their values |26.667|26.667|0.267 |0.000
Proportion 0.498 (0.498 10.005 [{0.000
Cumulative  |0.498 |0.995 |1000 (1000

Table 4: The main components unrotted array

Variable [Factorl |Factor2 |Factor3 [Factor4 |Communality
Power 0.000 0.000 0.000 -1.000 1000
Pressure |0.000 0.000 1000 0.000 1000

Gas flow |0.000 -1.000 |0.000 0.000 1000

Time -1.000 |0.000 0.000 0.000 1000

Variance [1.0000 |1.0000 [1.0000 [1.0000 |4.0000

% Of The [0.250 0.250 0.250 0.250 1000
Var

Table 5: The array of major components rotated using the varimax method
Variable |(Factorl |Factor2 |Factor3 |Factor4 |Communality
Power 0.000  {0.000 |0.000 1000 1000

Pressure [0.000 |{0.000 [-1.000 |0.000 1000

Gas flow |0.000 1000 0.000  {0.000 1000

Time 1000 0.000  0.000  |0.000 1000

Variance [1.0000 |1.0000 [1.0000 |1.0000 [4.0000

% Of The [0.250 0.250 0.250 0.250 1000
Var

To establish the influence of the variables could be used Pareto chart (figure 1), which
represents the percentages of influence on the effectiveness of the trials and is used for the
choice of the optimum parameters. In percentages are given the factors which have a strong
influence on the experiment.

Cumulative Pareto Chart Pressure=f(Gas flow)

Gas flow
160 P o 100
140 //
= 80 %
120 A
- 100 / b=
a e @ T
: - :
g a0 - o
[ / “
//
a0
20 %
20
[\ 1 o
Pressure 1 2 3 4
Power 40 40 40 40
Percent 50 %0 250 250
Cum % 50 s00 =0 100.0

Fig. 1. Cumulative Pareto Chart

Pareto principle is based on the forecast the effects of causes. Also, x% of effects are
produced by y % causes. The empirical demonstrate as natural phenomena submit such a
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timing after the rule x/y, where x=80%, and the y=20%. Of this 20 % of experiments,
Experiments can be considered to be effective.

4. CONCLUSIONS

In conclusion, the factorial scheme is useful in principal components analysis to:

=> decrease the complexity of the data (data reduction) (table 2-5);

=>» establish the correlations of the variables (table 2) useful in the prediction of the variables
dependencies;

=>» discover the latent variables;

=> establish the experimental matrix.
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Abstract: Nowadays, the electronics are free of their rigid structures and become flexible. As a result of this
structural transformation and minimization of electronic materials, they can be integrated into textiles as
wearable devices. The sensors are one of the main structures of personalized wearable monitoring devices and
they can be classified into physical, chemical, electrical and biological ones. The wearable electronic sensors
are able to monitor majorly biomedical signals and other ambient variants. Gesture, body temperature,
respiration, pulse, blood gas etc. are among the measured physiological parameters. The other monitored
parameters can be defined as environmental variants such as ambient temperature, humidity, sound, gas etc.
Different types of textile based sensors are used in wearable personalized devices using different conductive
materials in order to measure the vital parameters. Metal coated fabrics, fibres containing metals or metal
based additives, knitted and woven structures produced by using conductive yarns etc. can be used as textile
based sensors. These sensor structures can be used in several fields such as medical, sport, artistic communities,
military and aerospace.

In this paper fabric, based wearable sensor types will be reviewed and also it will be focused on the recent
advances in the field of these sensors and their usage areas.

Key words: Textile based sensor, conductive textiles, electronics, biological parameter, environmental
parameters.

1. INTRODUCTION

The technological advances in last centuries has influenced our lives. Different researches
are performed for monitoring our physiological parameters. Wearable sensors are one of
the important area that can be easily used to measure these parameters and most progress has
been achieved in the area of sensoring. They are the externally used devices attached to
any individual to measure physiological parameters of interest. The range of wearable sensors
varies from minuscule to large scaled devices physically fitted to the wuser operating on
wired or wireless terms [1, 2]. Many parameters such as temperature, cardiogram,
biopotentials (myographs, encephalographs), acoustic (heart, lungs), digestion, joints, ultrasound
(blood flow), biological, chemical, motion (respiration, motion), pressure (blood), radiation (IR,
spectroscopy), odour, sweat, mechanical skin parameters and electric (skin) parameters can be
measured [3, 4]. The use of wearable sensors has a better prospect with improved technical
qualities and a better understanding of the currently used research methodologies [2].
Different types of conductive yarns, coated fabrics, composite structures are used to produce
wearable sensors using knitting, woven, embroidery techniques etc [5].

In this paper, fabric based wearable sensor types will be reviewed and also it will be focused on the
recent advances in the field of these sensors and their usage areas [6].

2. SMART FABRIC SENSORS

There are different types of wearable sensors such as capacitive sensors, strain sensors, optical fabric
sensors, fabric sensors for detection of chemicals and gases, temperature and humidity sensors [2, 7] .
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2.1 Capacitive Sensors

Capacitive sensors are usually designed for pressure and tactile sensing [8]. Conductive textile
materials are acting as conductive plates separated by dielectrics and these plates can be woven, sewn
and embroidered with conductive threads/fabrics or they can be painted, printed with conductive inks
or conductive polymers. Synthetic foams, spacer fabrics, soft non-conductive polymers can be used as
dielectric materials [8, 9]. The capacitance of a capacitive pressure sensor depends on the area of two
conductive parallel plates, the conductive material and the distance between each other. When
the distance between the conductive plates decreases, the capacitance increases, and when the
distance between the conductive plates increases, the capacitance decreases. The conductive
element and production technique influence the pressure range measurement and the measurement
sensitivity.

Capacitive pressure sensors can be used as respiration monitoring, muscle activity and motion
detection.  Respiration monitoring is a valuable method for diagnosing many diseases related to
the functioning of the heart and lungs. The most popular methods that are applied in monitoring
is to utilize a belt or sensor integrated into a garment. The fabric type sensors are not commercial they
are prototypes [9].

Fig. 2. Textile Pressure Sensor with 16 sensing elements embroidered with conductive yarn [11]
2.2 Strain Sensors

Strain sensors are devices that can convert physical deformations into measurable signals [12]. Strain
sensors may be based on several types of principles such as resistive, piezoelectric, capacitive, and
optical. The resistive type is the most common used sensor. They are made with one conductive
textile layer [1]. The working principle of a resistive pressure sensor is based on an electric resistance.
The electrical resistance increases when the resistive material is stretched or compressed. And higher
resistance makes the output voltage increase. This way, the stretch or compression can be correlated to
the sensed voltage [9]. The amount of change in the response determines the sensitivity of
textile sensor which is given as gauge factor (GF)

_AR/RO (1)
T ¢

GF
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AR is the difference between the resistances, Rois the initial resistance ande is the applied strain ratio.
GF is the magnitude of the resistance change over applied strain [1]

A capacitive strain sensor relies on the geometrical effect of a stretchable capacitor to measure the
strain. Nanomaterial can be used in electrodes [13]. In capacitive sensors, the GF is measured
using capacitance values as in Eq 2. AC is the difference between capacitances, C, is the
initial capacitance.

s ACéCO @)

Piezoelectric strain sensors are based on the piezoelectric characteristic of non-
centrosymmetric materials, where electric charges are generated in response to applied strain. Various
piezoelectric  materials such as ZnO  nanostructures, poly(vinylidenefluoride-co-
trifluoroethylene) (PVDF-TrFE) and polylactic acid (PLA) have been used to develop wearable strain
sensors [14].

Coating conductive materials (PPy coated fabrics, silver coated etc.), non-elasting conducting fibrous
structures (such as graphene fabrics et.), elastic conducting fibrous composite yarns (carbon-matric
composites) etc. are used to fabricate the strain sensors. These sensors can be wused for
determining health monitoring (heart rate, respiration, movement and pressure blood), body
movement measurements and data gloves.

2.3 Optical Sensors

Plastic optical fibers are used in the textile structure. They are used as oximetry monitoring, pressure
sensors [3]. The working principle of optical textile sensors is based on the variation of the light
intensity, the fiber cross section geometry or other instrinc material properties. Fiber optic
sensors need a sensor system composed of light source, a photo detector and electronic
equipment. Optical fibers are generally coated with cladding materials. Polymethyl methacrylate,
polycarbonate, polystyrole, thermoplastic silicone etc. can be the core material. These sensors can be
used at soldier uniform to detect chemical and biological threats [8, 9].

2.4 Chemical, Gas, Humidity and Temperature Sensors

Gas and chemical sensors are produced with a sensitive layer, which can be a coated fabric or e-
textiles. Chemical sensors are used in healthcare, forensic, sports, fitness, and security surveillance.
Skin mounted devices emerged for continuous monitoring of electrolytes, metabolites, pH, and
significant biochemicals (e.g. glucose and lactate) in body fluids, which can alert users from
dehydration, fatigue, and early disease symptoms [14].

Humidity sensors are produced as resistive or capacitive type. In resistive type, the
conductivity change is measured in order to have moisture variation. Polymer/substrates such as
PEDOT-PSS/lycra tactel,etc, stainless steel yarns are used in resistive humidity fabrics. In capacitive
type, the change in dielectric constant is measured in order to have water vapor variation.
Polyethersulfone, polysulfone can be used as capacitive humidity sensors.

Temperature sensors can be fabricated on flexible materials such as plastics and polyimide sheets.
These materials can be attached or integrated to the fabric structure. Platinum and nichrome etc.
elements can be coated on flexible surfaces as the resistance temperature detectors or they can be
woven into the textile structure [8, 9]. These sensors can be used to measure body temperature which is
one of the vital signals, closely related to various types of illnesses/diseases (e.g., heat stroke,
congestive heart failure, infection, fever), physiological status, and cognitive status of human body.
Wearable temperature monitoring requires good flexibility, fast response, wide sensing range and high
sensitivity [14].
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Fig. 3. Neurofabric™, a Diabetic Sock and Foot Monitoring System
(Temperature sensor) [15]

3. CONCLUSIONS

In this paper various types of textile sensors are reviewed briefly. These sensors are usually used
together in order to measure the humans’ biological signals. Technological advances in textile
technology (fabrication techniques etc.) high-performance wearable sensors with reliable sensing
capability will increase the growth of electronic textiles with increasing applications.
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Abstract: MBBR (Moving Bed Biofilm Reactor) wastewater treatment technology relies heavily on the type of
used HDPE (High Density Polyethylene) carriers, that use immobilized biofilm for the removal of organic
and inorganic substances in the treated wastewater. Present work explored DSC (Differential Scanning
Calorimetry) analysis on four novel variants of HDPE carriers. DSC is a thermoanalytical technique in
which the difference in the amount of heat required to increase the temperature of a sample and reference
is measured as a function of temperature. The four novel carriers were composed of novel recipes of mixes
of polyethylene with inorganic and organic compounds (patent pending), designed for greater microbial
biofilm development. DSC analysis. DSC analysis was carried out in order to understand the behavior
of the developed carriers, in various scenarios. High density polyethylene (HDPE) is a weak, semi-
crystalline, thermoplastic polymer that is part of the polyolefin class. Analysis revealed that the temperatures
at which the melting process of crystalline zones in the macromolecular structures occur, gradually decreases
from the sample with only HDPE in composition to the one with addition of a mix of inorganic and organic
compounds.

Key words: carriers, MBBR, DSC, HDPE

1. INTRODUCTION

Modern wastewater treatment systems use microbial biofilm [1], in MBBR systems, in order to
degrade or reduce the concentration of certain pollutants. Polyethylene carriers are at the heart of an
MBBR system, which are based on the concept where moving plastic (HDPE) carriers with
immobilized microbial biofilm, are mixed in a controlled environment (reactor), in order to remove
organic and inorganic substances in the targeted water [2]. Immobilized microbial biofilm poses great
versatility, with its biggest strengths residing in tolerance to high organic load and high resistance to
environmental changes and toxic chemicals. The microbial biofilm grows within the internal spacers
of the HDPE carriers, which are carefully designed with high internal surface area. These biofilm
carriers are suspended and mixed throughout the water phase, in a controlled environment, that is
fined tuned in order to meet the treatment demands of the targeted wastewater.

Four novel structures of HDPE carriers were tested, consisting in a mix of polyethylene with inorganic
and organic compounds (patent pending), in order to obtain new carriers with both high specific
surface area, and a surface that will allow the specific microorganisms to attach, grow and form a
biofilm.

Calorimetry is an analysis technique that allows measuring of thermal properties of various materials
in order to establish a connection between temperature and specific physical properties of constituent
chemicals [3][4].
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2. MATHERIALS AND METHODS
2.1 HDPE carriers

Four HDPE (High Density Polyethylene) carriers were developed, based on a mix of
polyethylene with inorganic and organic compounds (patent pending). The final composition had a
density close the density of water (1g/cm?) which allows for excellent flotation inside the treatment
tank. The mix and formulations that were chosen for the execution of the carriers will allow for
both increased surface area for the biological microorganisms to attach to, and also nutritive
substrate that will maintain metabolic growth. The four variants were noted as follows: 1F — with the
highest percentage of HDPE (Fig. 1); 2F (Fig. 2); 3F (Fig. 3); 4F — with the lowest percent of HDPE,
and the highest percentage of organic and inorganic compounds (Fig. 4).

Fig. 1. IF carrier Fig. 2. 2F carrier Fig. 3. 3F carrier Fig. 4. 4F carrier
2.2 DSC analysis

DSC analysis measures the amount of energy absorbed or released by a sample when it is heated or
cooled, providing quantitative and qualitative data on endothermic (heat absorption) and exothermic
(heat evolution) processes. In this study, DSC analysis was carried out on Diamond DSC (Perkin
Elmer) which allows the sample and reference pans to be heated by two independent furnaces
embedded in a temperature-controlled heat sink, thus leading to high sensitivity analyses. The
temperature program for the analyses, was as follows: Sample mass: 1F=7.2mg; 2F=7mg; 3F=6.6mg;
4F=8.5mg; Maintaining, for 1°, at 30°C; Increasing from 30°C to 500°C, with a rate of 10°C/min;
Maintaining, for 2°, at 500°C.

3. RESULTS AND DISCUSSIONS

Physical analysis was carried out in order to understand the behavior of the developed carriers, in
various scenarios, thus aiming at building and contributing to a knowledge base in this direction.
Differential Scanning Calorimetry (DSC), as a thermo-analytical technique, was used to measure the
melting point, that measures the amount of energy absorbed or released by a sample when it is heated
or cooled. Bellow, are showcased the obtained thermograms for each carrier (Fig. 5-8).
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Fig. 5. IF carrier thermogram
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HDPE is a weak, semi-crystalline, thermoplastic polymer that is part of the polyolefin class [5].
According to data centralized in Table 1, the temperature at which the melting process of crystalline
zones in the macromolecular structures occur, gradually decreases from sample 1F to sample 4F. The
melting enthalpies represent the amount of energy consumed for melting the crystalline zones in the
HDPE structure. The highest melting enthalpy is associated with 2F sample.
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Table 1: Temperatures and enthalpies associated with the melting process of HDPE carriers

Carrier Onset temp., °C | Peak temp., °C AH, J/g
1F 122.64 127.61 155.7248
2F 120.61 128.36 179.0059
3F 112.02 128.16 174.8932
4F 111.35 129.53 160.1541

In the case of the thermogram of sample 3F, two additional endothermic peaks appear, compared to
the other samples, which could be attributed to the other constituents of the sample, besides the
polymeric matrix. The temperatures at which the thermolysis of the constituents from the samples
takes place are showcased in Table 2.

Table 2: The thermolysis temperatures of the carriers’ constituents

Carrier Onset temp., °C | Peak temp., °C AH, J/g
IF 436.32 441.79 -84.9002
2F 417.58 440.71 -218.2275
3F 299.58 300.78 -24.1054
4F 477.40 477.69 -0.1807

5. CONCLUSIONS

Present work explored the use of DSC (Differential Scanning Calorimetry) in the analysis of physical
properties of four novel carriers, for use in MBBRs systems, made of a mix of polyethylene with
inorganic and organic compounds. Results showed that depending on the composition of the carriers,
there are variances within the temperature at which the melting process of crystalline zones, in the
macromolecular structures, occur. Therefore, as the quantity of the HDPE in the carriers decreases, so
is the melting processes of crystalline zones in the macromolecular structures, which is caused by the
addition of organic and inorganic compounds in the componence of the carriers, where the 4F carrier
has the highest amount of such compounds.
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Abstract: In the paper are presented several aspects concerning the composed methods for
obtaining the materials capable of reducing the electromagnetic field by reflection/absorption.
This study offers a structured presentation about advanced materials with electromagnetic properties
that can be used to develop screens for electromagnetic attenuation. Besides is presented a factorial
plan, selection of the eigenvectors, and analysis based on principal component. The ACP (principal
component analysis) could solve the problems in selecting the optimal parameters used in
experiments by reducing the complexity of the data and analyzing the variance of the variables
from influencing factors. The investigation of the methods for electromagnetic radiation screens
development is attractive due to the area of application, such as protection of the electronic
designed for hospitals and special applications in the military area and in the field of transport,
but also for the protection of the houses required due to the use of electronic devices (phones,
PC, TV) involving mobile or Wifi/WLAN networks. In general, for the attenuation of
electromagnetic radiation in the home can use paints, curtains, window blinds or carpets made of
fabric, knitted or non-woven materials, with conductive yarns, fibers or polymeric film with adequate
electroconductive or electromagnetic properties.

Keywords: electromagnetic, resistivity, electrical, textile, principal component analysis, factorial plan

1. INTRODUCTION

The study of methods for electromagnetic radiation shielding presents an increased interest
for the protection of the electronic designed for hospitals and special applications in the
military area and in the field of transport, but also for the protection of the building required
due to the use of electronic devices (phones, PC, TV) involving mobile telephony aerials and
Wifi/WLAN networks. In general, for the attenuation of electromagnetic radiation in the
home can use curtains, window blinds or carpets made of fabric, knitted or non-woven
materials, with conductive wires or polymeric film with electroconductive properties.
Conductive parts or magnetic materials are used for the achievement of the screens of electric,
magnetic, and electromagnetic fields. An electromagnetic screen is a tire lead which separates
the space in 2 regions, one containing the electromagnetic waves and others which does not
contain such waves.
To achieve the electromagnetic attenuation screens [ 1] will use the special treatment of textile
surfaces with materials having different degrees of magnetism[2]:
-Diamagnetic skis materials such as micro/nanoparticle C (graphite), Ag, Cu, Pb and Zn
having ym <0, u<0;
-Paramagnetic materials properties such as micro/nanoparticle such as Al, Cr having ym >0
and p>p0
-Ferromagnetic materials such as micro/nanoparticle of Fe and Ni, having ym~106. Magnetic
susceptibility of the material is inversely proportional to the temperature, depends on
the frequency of the magnetic field. If the temperature exceeds the critical temperature
(Curie), ferromagnetic material becomes paramagnetic;
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-ferrimagnetic materials such as ferrites based on Fe, Mn, Zn, Ni or Mg having ym=~104.
-antiferromagnetic materials such as manganese oxide, ferrous chloride, chromium, copper(I)
chloride and iron oxide II.
The electromagnetic protection performed by a screen is done by:

» Electromagnetic attenuation by reflection

» Electromagnetic attenuation by absorption
At the same time, for the manufacture of advanced materials to be used for electromagnetic
shielding will take into account the characteristics to be satisfied by the material such as:
-The thickness of the composite screen made of textile materials and magnetic material/non-
magnetic (§6 [mm));
-The conductivity composite material (oo [S-m™]);
-Electrical resistivity of composite material (pp [Q-m]);
-The magnetic permeability of the composite material (u. [H/m]);
-Magnetic susceptibility (ym), electric susceptibility ()
-The geometry of the screen (deposits of micro/magnetic nanoparticle/non-magnetic grid type
or continuous).

2. EXPERIMENTAL PART

For the design of the composite techniques for obtaining a composite materials on the basis of
3D polymeric electroconductive properties for electromagnetic attenuation screens was
running from a series of input data (independent parameters such as the parameters of the
installations used (type of gas, the gas flow, power, time, pressure), the thickness of the
composite screen (0), the temperature of the material (t), the relative humidity of the material
(H [%]), magnetic susceptibility (ym), electric susceptibility (y.) and magnetic permeability
(ur) and data output (surface resistivity, volume resistivity, electrical resistance, electrical
conductivity relative to the material () and to mitigate electromagnetic screening purposes
().

For the achievement of the polymeric composite materials with 3D properties to reduce the
electromagnetic field and used to obtain electromagnetic screens has been taken into account
several technologies:

=>» Advanced Technologies: RF plasma (argon, oxygen and based on its compounds), 3D
digital printing and microwaves. In the scientific literature, it is known that the treatment of
textiles in RF plasma of Ar and O leads to obtain the activation of areas and increase
hydrophily fabric [3]. Also, the treatment of textiles in RF plasma CF4, C>Fs lead to obtaining
hydrophobic surfaces [4].

=>» The standard technologies (padding, coating and direct printing).

Using parameters of the installation of the plasma, within the INCDTP, which may vary, it
has established a plan divided unrequired 2 experimenting with 5 influencing factors and 2
levels, as follows: time (1-2 minutes), power (40 - 50 kHz), gas flow (60-70 sccm), pressure
(0.02-0.03 kPa) and type of gas used (V1= Ar/O2, V2=CF4/C,Fs). By using the technologies
coating, printing, and 3D digital printing, it can determine the thickness of the layer of
conductive paste/magnetic filed. To obtain the attenuation properties of materials with
electromagnetic shielding properties have been selected for laboratory experiments at the
level of the following compound processes that lead to the development of conductive
surfaces or magnetic to achieve the electromagnetic screens:

=>RF plasma Ar/O> =» print 3D with ESD filaments

=>RF plasma Ar/O> =» coating with micro/nanoparticles =» microwave drying;

=>RF plasma CF4/C>Fs = print 3D with ESD filaments;

=>RF plasma Ar/O> =» print 3D with conductive filaments;

=>RF plasma Ar/O, =» coating with a paste based on metallic micro/nanoparticles
=>»microwave drying =» 3D printing with filaments ESD.
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3. CORRELATIVE ANALYSYS

To provide these correlations between variables was done the factorial plan (table 1) and
analysis of principal components (ACP) [5, 6, 7]. The ACP aimed to solve the problems by
reducing the complexity of the data, highlighting and mounting of these correlations of
variables (Table 2-5) and the determination of the latent variables which are located at the rear
of the variables measured. The analysis of the variance of the variables [8] measured can be
obtained from the variant of hidden variables (influencing factors), which determined by the
association. Thus, if there are variables (factors) xi, ... Xp, it is desirable to determine certain
variables (components) Cl,....Cm,where ; =wwv ;XX 1+w ;08 2+ - +w Xy, to
obtain m <<p.

Table 1: Plasma Unrequired Testing Plan
StdOrder RunOrder CenterPt Blocks Pressure Power Gasflow Time The LPG type

[KPa] [KHz] [Sccm] [Min]

13 1 1 1 0.02 40 70 2 | CF4/C2F6
6 2 1 1 0.03 40 70 1 | CF4/C2F6
16 3 1 1 0.03 50 70 2 | CF4/C2F6
5 4 1 1 0.02 40 70 1| Ar/O;
15 5 1 1 0.02 50 70 2 | Ar/O2
8 6 1 1 0.03 50 70 1| Ar/O;
10 7 1 1 0.03 40 60 2 | CF4/C2F6
12 8 1 1 0.03 50 60 2 | Ar/O
7 9 1 1 0.02 50 70 1 | CF4/C2F6
2 10 1 1 0.03 40 60 1| Ar/O;
3 11 1 1 0.02 50 60 1| Ar/O:
9 12 1 1 0.02 40 60 2 | Ar/O2
4 13 1 1 0.03 50 60 1 | CF4/C2F6
1 14 1 1 0.02 40 60 1 | CF4/C2F6
11 15 1 1 0.02 50 60 2 | CF4/C2F6
14 16 1 1 0.03 40 70 2 | Ar/O
Table 2: Eigenvectors Table 3: The analysis of the covariance array
Variable PC1 PC2 PC3| PC4 Their values| 26.667| 26.667| 0.267 | 0.000
Pressure | 0.000 0.000 0.000| -1.000 Proportion 0.498 0.498| 0.005 | 0.000
Power -1.000 0.000 0,000l 0.000 Cumulative 0.498( 0.995( 1000 | 1000
Gas flow 0.000 -1.000 0.000| 0.000
Time 0.000 0.000 -1.000| 0.000
Table 4: The main components unrotated array
Variable Factorl Factor2 Factor3 Factor4 Communality
Pressure -0.842 0.000 0.000 0.539 1000
Power -0.539 0.000 0.000 -0.842 1000
Gas flow 0.000 0.000 -1.000 0.000 1000
Time 0.000 -1.000 0.000 0.000 1000
Variance 1.0000 1.0000 1.0000 1.0000 4.0000
% Of 0.250 0.250 0.250 0.250 1000
The Var

Table 5: The array of major components rotated using the varimax method

Variable | Factorl Factor2 Factor3 Fact0r4| Communality
Pressure 0.000 0.000 1000 0.000 1000
Power 0.000 0.000 0.000 1000 1000
Gas flow 0.000 1000 0.000 0.000 1000
Time 1000 0.000 0.000 0.000 1000
Variance 1.0000  1.0000  1.0000  1.0000 4.0000
% OfThe 0.250 0.250 0.250 0.250 1000
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4. CONCLUSIONS

It can be concluded

=>» The use of materials with higher electrical conductivity results in an increase in mitigating
electromagnetic screen.

=>The effectiveness of the screen for quasistationary electromagnetic fields tends to infinity
with increasing frequency.

=>» The value of the attenuation factor in the quasistationary electromagnetic field depends on
the frequency, the thickness of the screen, electrical conductivity, magnetic permeability of
the fabric and the geometry of the screen.

=>» The losses by reflection do not depend on the thickness of the shielding material;

=>» The losses by absorption depend on the thickness of the screen.

=>The shielding of the magnetic fields is generally difficult and can be achieved with
magnetic screens made by surface treatment of textiles with dispersion or Easter
ferromagnetic particles;

=>For the shielding of the low-frequency magnetic fields (< 10-100 kHz) will achieve the
screens in the textile materials covered with magnetic microbead particle, and for shallow
frequency (< 1 kHz), it is recommended to use materials with high p;

=>For the shielding of the fields with frequencies between 1-100 kHz will use textile
materials treated by coating/print with pasta based on iron having a small p..

=>For the shielding of the large frequency fields (> 100 kHz) will use non-magnetic material
with high conductivity.

=>For the realization of a screen with the effect of electromagnetic attenuation (EM) are
essential both the design, construction and operation of the EM analysis and electromagnetic
screen connection to the earth.
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Abstract: The present article aims to make a preliminary analyze regarding the fibrous composition of an
"opreg"(part of a female folk costume composed of a richly decorated piece of fabric and long fringes applied on
the lower edge) from the modern-contemporary period, using two micro-destructive methods: Scanning Electron
Microscopy (SEM) and optical microscopy. In order to have a better understanding and a precise result, different
fibres from the opreg were analyzed- brightly colored cotton yarn (green, pink, lilac) together with synthetic silver
and gold composite yarns (lurex). Hand-made textiles have a very important meaning for our history, therefore it
is imperious to know what kind of fibres were used in order to be able to create an adequate environment to
preserve  them. Further analyzes will be carried out in order to have a more detailed image about
opreg characteristics and how it was obtained.

Key words: SEM, fibrous composition, optical microscope,contemporary period.

1. INTRODUCTION

Textiles have evolved a lot, especially over the last years, and the term "textile" now has a very broad
meaning. The term "textile" was originally used for fabrics; however it currently applies to fibers,
filaments and yarns, natural or synthetic, and to most products derived from them. These include
wires, ropes, strings and braids; woven, knitted and non-woven fabrics; knitwear and clothing;
household textiles, furniture and upholstery textiles; carpets and other fibrous floor coverings;
industrial textiles, geotextiles and medical textiles [1].

The chronological evolution of the chemical fibers (and also of the textile yarns) can be made as
following:

1) 1889s — 1930s: the processes of filamentary yarns based on natural polymers appeared (for example
based on cellulose, yarns were called vegetable silk).

» The first test was carried out by Hilaire de Chardonnet, a French researcher who, at the World
Exhibition in Paris, in 1889, presented a nitrocellulose-based yarn fabric [2]. The fiber obtained from
it is known as "Chardonnay Silk".

* In 1891, the research team conducted by Charles Frederick Cross, Edward John Bevan and their
collaborator Clayton Beadle, discovered the "Viscous Process" [3].

2) 1930s-1940s: was a period based mainly on the production of short fibers (cotton and wool). It is
also the period when the first synthetic fibers are developed.

» A famous researcher in this field is Wallace Hume Carothers. He, together with his team from the
laboratory "DuPont Experimental Station" obtained neoprene [4], polyamide 6.6 and nylon [5].

* At the same time, Paul Schlack, a German researcher, obtained, using a much simpler process than
Carothers, another polyamide: poly-g-caprolactam (polyamide 6).
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» Another starting point in obtaining synthetic fibers is represented by the synthesis of polyurethanes
(the process of polyadition of poly-isocyanate and polyol) by Otto Bayer and collaborators, in 1937
[6].

* Polyacrylonitrile (PAN) is other type of fiber synthesized during this period. This fiber is also known
as Creslan 61. In 1931, chemist Herbert Rein managed to obtain a PAN sample and succed to dissolve
it in pyridine benzchloride [7]. Thus, he obtained the first fibers based on PAN in 1938, fibers that
entered mass production in 1946 (this delay occurred due to the war, the inability to melt the polymer
without degrading it and other shortcomings encountered at that time) [8]. PAN fibers are mainly used
in the knitwear sector.

3) 1940s - 1960s: expansion period of synthetic fibers and filamentary yarns.

* Polyester fibers based on polyethylene terephthalate were obtained in 1941 by John Rex Whinfield
and his collaborator James Tennant Dickson [9].

* Polyolefins (eg polyethylene and polypropylene) were obtained between 1950-1953 by Karl Ziegler
and Giulio Natta. Following these findings they won, in 1963, the Nobel Prize in Chemistry.

* Elastane, Lycra or Spandex was invented in 1959 by the chemist Jr. Joseph Clois Shivers [10].
Initially it was called "Fiber K", after which the name was changed to "Lycra" [11].

4) 1960 - 1970: the diversification of synthetic production fibers takes place. At this stage, due to the
danger of the disappearance of artificial fibers, improvements have been made in the technologies of
manufacturing cellulose based fibers (especially short fibers).

* Poly-paraphenylenediamine terephthalamide - fiber also known as Kevlar - was invented in 1964 by
chemist Stephanie Kwolek and her team [12].

* Poly-methamphenylenediamine terephthalamide - a fiber also known as Nomex - was invented by
Wilfred Sweeny, a researcher at DuPont Laboratory.

* Carbon fiber: in 1960 Richard B. Millington, together with Robert C. Nordberg, developed a
technology for the production of fibers with 99% carbon content[13].

5) 1970s - present: the period of improvement regarding the technological processes. After the 1970s
new fibers with remarkable properties and with target uses were developed in certain fields.
Nowadays, textile production presents advanced technologies, the big companies in this industry
having large factories in different countries, with hundreds of employees. In parallel with the industry,
hand-made textiles are still produced in many countries exactly as they were produced many years ago
[14].

In the present work component parts of an "opreg" (part of a female folk costume composed of a
richly decorated piece of fabric and long fringes applied on the lower edge) from the modern-
contemporary period were analyzed.

2. MATERIALS AND METHODS

Preliminary SEM investigations of the samples were performed using a FEI Quanta 200 Scanning
Electron Microscope. Each sample was placed on a specimen stub using double sided conductive
carbon tape and analyzed using the following parameters: HV: 20.00 kV; detector: GSED; vac. mode:
Low Vacuum. The colored threads were analyzed at a magnification of 2000X and the gold and silver
one at a magnification of 500X [15].

The other type of morphological evaluation was performed using an optical microscope: Olympus
BX51 equipped with a UC30 camera. The magnification was UPlanFL N 10X/0.30

3. RESULTS AND DISCUSSIONS

In Table 1 are presented pictures with the opreg and the analyzed threads: green, pink, purple, silver
and golden.
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Table 1: Opreg component threads

Table 2: Identification of fibrous composition

Gen thread

Purple thread

Pink thread Silver thread Golden thread

Table 3: SEM micrographs

Green thread Purple thread Pink thread Silver thread Golden thread

As it can be seen in Table 2 and 3, the colored yarns are made of cotton fibers. Silver and gold thread
are most likely modern metal-polymer composite threads (for example Lurex). The increasing
production of synthetic yarns in the modern-contemporary period has determined the use of these
yarns even in the folk textile products. Metallic threads, especially gold, silver and copper have been
used since ancient times to make some impressive models. With the development of technologies and
industires in the modern-contemporary period there have been introduced new types of fibers that
replaced them (with improved characteristics: low cost, lightweight, etc.).

4. CONCLUSIONS

In the present work, a preliminary characterization of an opreg made using brightly colored cotton
yarn (green, pink, lilac) together with synthetic silver and gold yarns has been performed. Following
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these investigations, it was possible to determine the type of fiber used to make this textile traditional
product. Further analyzes will be carried out in order to have a more detailed image about opreg
characteristics and how it was obtained.
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Abstract: Wound healing represents one of the most important processes evaluated in the biomedical field. In
this regard, healing is defined as a dynamic and complex process in which the tissue integrity and the normal
functions of the damaged tissue are restored. The purpose of this research was to achieve the main
characteristics of an ideal wound dressing to prevent maceration, provide a moist environment, remove the
exudate that is accumulated from the wound and to maintain a proper permeability to the wound bed. Different
hydrogels were designed and developed through the esterification reaction of polyvinyl alcohol (PVA) with
gelatin (GELL). The hydrogels were prepared in various weight ratios of PVA:GELL (4:1 and 1:4), by adding
rosemary essential oil as an active compound. The incorporation of Rosemarinus officinalis L (rosemary)
essential oil in PVA/GELL hydrogels represents a potential method for the improvement of the wound healing
process. Further, the developed hydrogels were applied by immersion on cotton gauze. The synthetized
specimens were evaluated from morphological and rheological point of view, by performing Optical
Microscopy, fluid uptake ability and porosity measurements.

Key words: wound healing, hydrogel, PVA, gelatin, dressing, rosemary essential oil.
1. INTRODUCTION

Epithelial tissue is susceptible to numerous harmful lesions, including burns and bacterial
infections. For instance, when the injured surface comes in contact with pathogens, complications of
the healing process may occur. In this regard, wound dressings were developed to enhance healing
capacity, due to their properties such as wound cleanliness, moisture retention, antibacterial
properties and stability [1], [2]. Nowadays, hydrogels represent one of the most developed
systems able to enhance the healing process. Due to their specific properties, such as hydrophilic
nature, high water absorbance, adequate flexibility and capacity to encapsulate active agents,
hydrogels are excellent candidates for wound healing applications [3].

Gelatin (GELL) is intensively used in food, medicine and chemical industry. Gelatin contains
essential properties (gelling property, water absorbance capacity, film-formation ability) that
recommend it for hydrogels development. Moreover, in dry state, it exhibits brittleness, low
flexibility and extremely fast degradation rate issues [4]. To surpass these drawbacks, hydrogels are
combined with synthetic polymers to improve mechanical and chemical stability. In this regard,
poly (vinyl alcohol) (PVA) is a potential candidate for wound healing hydrogels development due to
its excellent properties (solubility, chemical and mechanical stability and low toxicity) [5].
Moreover, to enhance the healing process, active agents can be entrapped into hydrogel systems
and further applied on cotton gauzes. Rosemary essential oil (Rosmarinus officinalis L) is
acknowledged for its benefic biological properties such as: antimicrobial, anti-inflammatory and
antiviral capacity [6], [7].

The aim of this study was to develop PVA:GELL hydrogels for rosemary essential oil entrapment at
different ratios and their application on cotton gauzes. The resulted samples were characterized by
performing Optical Microscopy, fluid uptake ability and porosity assessments.
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2. EXPERIMENTAL
2.1 Materials

In order to develop the hydrogel systems, PVA (87-90% hydrolyzed, M,, 30 000 - 70 000) was
purchased from Sigma Aldrich (Germany). Gelatin (from bovine skin, gel strength ~225g
Bloom, Type B) was also purchased from Sigma Aldrich (Germany). For the esterification reaction
between PVA and GELL, hydrochloric acid 37% pure was procured from Consors SRL (Romania).
Rosemary essential oil provided by DOGAL DESTEK (Turkey) was used as biologically active
compound. Deionized water served as the solvent for preparing hydrogel solution. Phosphate
buffer solution (PBS) and ethanol (absolute, >99.8%) were procured from Merck
(Germany) for further measurements.

2.2 Preparation of hydrogels

The PVA:GELL hydrogels were synthesized by preparing a PVA solution in distilled water
under magnetic stirring 2 h at 60 °C. Subsequently, gelatin was added in the aqueous PVA
solution until complete dissolution. Furthermore, HCI was introduced drop-wise for esterification of
the synthesized hydrogels. The obtained PVA:GELL hydrogels were poured in 90 mm x 15 mm
Petri dishes and maintained at 40 °C for 24h to dry in the oven. 0.15% rosemary essential oil
was incorporated in analogous hydrogels prior to gelatin addition. Further, cotton gauze, with the
mass per unit area of 26 g/m?, was used for the deposition of the polymeric solutions in the same
matter. All the obtained samples are presented in Table 1.

Table 1: Samples codification

Sample Weight Ratio Rosemary Cotton gauze
PVA Gelatin essential Qil

P1 10% 2.5% - -
P2 10% 2.5% +

P3 2.5% 10% - -
P4 2.5% 10% + -
P5 10% 2.5% - +
P6 10% 2.5% + +
P7 2.5% 10% - +
P8 2.5% 10% + +

2.3 Methods

2.3.1 Optical Microscopy
Optical microscopy images were performed to determine the morphology of PVA:GELL hydrogels
and the treated cotton gauzes by using an Olympus BX 43.

2.3.2 Fluid Uptake Ability and Porosity

2.3.2.1 Swelling Degree

In order to determine fluid uptake ability, the samples were measured in dry state. Each sample was
immersed in PBS and placed in the oven. Further, swollen samples were weighted to determine the
fluid uptake ability (swelling degree by using the following equation:

WW. —WWyy

S58S (%) = x 100

Wy
Where W, and Wy are the weights of swollen and dry samples respectively.

2.3.2.2 Porosity
The samples (W1) were weighted after drying at 50°C for 2h. Subsequently, the specimens were
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immersed in absolute ethanol for 4h. The weight of the swollen samples was determined after the
removal of excess ethanol (W2). The porosity is generally calculated according to the formula:

MIWZ - Wl
P(%) =—— x 100
ppVV
Where, p represents the density of ethanol, V represents the volume of the samples and W and W are
the weights of the specimens before and after immersion in ethanol.

3. RESULTS AND DISCUSSIONS

3.1 Optical Microscopy

,_‘A}

g)

Fig. 1. Optical microscopy images of the developed samples performed at
x 20 000 magnification: a) P1; b) P2; c¢) P3; d) P4, e) P5; f) P6; g) P7 and h) P§

The hydrogels surface and cotton fiber morphology is observed in Fig. 1. Both hydrogels weight
ratios, 4:1 and 1:4 show a homogeneous surface with a dense internal structure which contains pores.
From pore distribution point of view, it is distinguished a smooth and uniform distribution in all
the evaluated samples. Moreover, the hydrogels maintain their morphology even in the case of
deposition on cotton gauzes. Regarding essential oil entrapment, the oil incorporation into the
hydrogel structure can be observed in Fig. 1 b), d) but also in the case of hydrogel deposition on
cotton gauzes as shown in Fig. 1 f), h).

3.2 Fluid Uptake Ability and Porosity
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Fig. 2. Rheological properties of resulted specimens regarding a) swelling degree and b) porosity
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The fluid uptake ability was assessed by determining the swelling behavior of the developed
samples, as shown in Fig. 2 a). While PVA:GELL hydrogels with 4:1 weight ratio present a
swelling degree between 130 - 190%, PVA:GELL hydrogels with the 1:4 weight ratio exhibited
superior swelling degree, up to 600 - 700%, an ideal fluid uptake ability that recommend them for
wound healing. Further, the hydrogels applied on cotton gauzes presented similar values regarding
the fluid uptake capacity.
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Regarding the porosity of the obtained samples, it can observe that an increased PVA content will lead
to the formation of a more uniform film, with a decreased porosity. Further, by increasing the
gelatin content, the porosity of the hydrogel will also increase, thus allowing a high water or
exudate absorbance from the wound surface, as represented inFig. 2 b). Therefore, PVA:GELL
with the weight ratio 4:1 indicated a decreased porosity between 15 - 45%, while the hydrogels
with higher gelatin content exhibited increased porosities, from 60 to 90%. The deposition on
cotton gauzes enhances the samples porosity as compared to hydrogels that have not been
subsequently applied on textile materials.

4. CONCLUSION

PVA:GELL hydrogels were prepared by the esterification between the hydroxyl groups of poly vinyl
alcohol (PVA) and the carboxyl groups of gelatin. The incorporation of rosemary essential oil does not
affect the swelling behavior and porosity of the obtained samples. Both systems exhibited satisfactory
fluid uptake capacities and represent a suitable solution for wound dressing applications. Nonetheless,
PVA:GELL with 1:4 weight ratio is preferred due to its higher swelling degree and porosity compared
to 4:1 system. The main reason of this selection is determined by the higher content of gelatin that
generates superior porosity and higher fluid uptake, respectively, recommending the system as an ideal
solution for the development of wound dressings.
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Abstract: The fabrics used to make parachutes and paragliders must have the several specific
characteristics: the mass of fabric per unit of surface must be low while the other physical-
mechanical characteristics (the axial breaking strength load, the relative and absolute elongation, the
tear resistance of the fabric and the assemblies, air permeability) must be at a maximum. The
paper deals with the analysis of qualitative aspects of several parachute fabrics that are used as a
baseline in the development of a novel fabric. The results of experiments have materialized in
statistical data, diagrams and graphs and their interpretation leads to the determination of the fabric
variant that best meets the requirements of the destination. The destination is a patent pending
inflatable wing design that utilizes a single skin construction and solid reinforcements in the
sewing for shape stability. It is worth noting that the experimental results were compared with
values indicated in specific international testing norms.

Keywords: parachute, paraglider, single sail, technical textile, fabric testing

1. INTRODUCTION

The laws of mechanics and aerodynamics apply to the performance and stress analysis of parachute
systems. However, the textile fabrics used in parachute construction have distinctly different
mechanical and environmental characteristics than metals or composites.

The man-made fibers are based on cellulose, protein or resin composites. The cellulose group includes
rayon; the protein and resin groups include Nylon, Dacron, Kevlar, and others. For parachute fabrics
the Nylon is by far the most used material. Dacron, Spectra, Kevlar, Vectran are trademarks of fibers
that are mainly used in parachute line manufacturing.

Nylon was developed shortly before WWII by DuPont for use in clothing [1], has become the primary
fiber for parachute fabrics. Nylon is a synthetic resin (polyamide) with high tenacity caused by long,
highly oriented molecules and high intermolecular forces that resist slippage. Nylon tenacity ranges
from 2.5 to 9.5 grams per denier; its elongation ranges from 29 to 40%. Nylon type 6.6, used for
parachute fabrics, is rated at 6.6 grams per/denier, approximately equivalent to a tenacity of 8,000
kg/cm?, which compares favourably to other materials used in the aerospace industry. Nylon is
abrasion resistant, durable, and little affected by humidity, fungus, bacteria, organic solvents and
alkalis. Nylon is sensitive to ultraviolet radiation (sunlight) this sensitivity can be reduced but not
eliminated by appropriate treatment of the fabric. Nylon melts when subjected to fire but does not
burn. This fabric can be used, with little loss in strength, at temperatures of up to 120°C. Nylon loses
50% of its strength at about 165 °C, becomes sticky at higher temperatures. and melts at 250°C If
subjected to repeated stresses, nylon exhibits a certain hysteresis in its strain characteristics, but fully
recovers after few minutes [2]. But long exposure to high mechanical stresses and high temperatures
notably decreases the strength of the fabric.

The fabric that we want to develop will use high tenacity Nylon 66 yarns and it will be tailored for use
in the manufacturing process of a paraglider type wing design that utilizes a single skin construction
and solid reinforcements in the sewing for shape stability.
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2. METHOD AND TEST RESULTS

In order to establish a baseline for the fabric characteristics several COTS
fabrics were analysed. The fabrics used in the testing were selected so they

cover a wide array of parachute types.

Therefore we selected as material one (S1), a fabric commonly used in
paraglider manufacturing. This fabric is a rather heavy fabric having
polyurethane and silicone coating for UV protection.

The second material (S2) is a fabric used in most of the Ram-Air parachutes
available today. It’s a light fabric with polyurethane coating for zero air
permeability.

The third material (S3) is a fabric with similar structure as S2 but without
polyurethane coating. This fabric is only calendered and it’s commonly
referred to as F111 type fabric. This type of fabric has some air permeability
therefore is mainly used in reserve ram-air parachutes or partially on the
intrados side of main parachutes. -
Testing of the tear resistance of the samples was done on the Tinius Olsen Fig.1. H5KTdynamometer
Dynamometer HSKT dynamometer. The device is designed to test a wide

range of materials (yarns, fabrics, leather) for traction, flexion, and assembly strength (made by
sewing, thermofusion, etc.).

We did testing with extracted yarns from the weave to establish a baseline.

In table 1 are listed the test results for the fabric

s Olsen

X

Table 1: Test results

Test Name S1 S2 S3 Units Standard
Fabric mass 59 47 40 g/m? SR EN 12127:2003
Yarn count Warp 474 534 532 threads / SR EN 1049-2:2000;
Weft 432 508 524 10cm Method A, B
Yarn linear Warp 61.8 (55.62) 412 (37.08) | 32.6(29.34) | DTex (den) SR 6430:2012;
density Weft 69.4 (62.46) 46.4 (41.76) 32.2 (28.98) Method A
Yarn breaking | Warp 1.943 1.728 1.522 N SR EN ISO
strength Weft 1.803 1.582 1.498 2062:2010; Method
Yarnelongation | Warp 25.64 38.80 27.87 % B
at breaking force | Weft 27.70 38.52 32.57
Fabric breaking | Warp 541 431 450 N SR EN ISO 13934-
strength Weft 480 412 450 1:2013
Fabricelongation | Warp 24.9 27.8 274 %
at breaking force | Weft 29.1 39.3 33.9
Fabric tearing Warp 20.7 66.1 35.8 N SR EN ISO 13937-
strength Weft 20.7 66.3 29.2 3:2002
Fabric bursting strength 370.8 334.2 3343 Kpa ENISO 13938-
432 422 36.6 mm 2/2002
Fabric air permeability 0 0 11.57 I/m?/sec SR ENISO
(200Pa) 9237:1999
Raw material 100% PA 100% PA 100% PA - SR 13231-95
Coating PU and Silicone PU coating None - SR ISO 1833-95
coating
Link type Ripstop Ripstop Ripstop - -

The values of the structural parameters of the fabrics (air permeability, mass, thickness, etc.)
were used in conjunction with the extracted yarn test results to determine the multivariate
regression equations in which the independent variables were considered the breaking
strengths in warp and weft.
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Further on we can assess the strength transfer coefficient [3] given mathematically as:
11
TN

Where:
Tf1: Yarn tenacity before its integration in fabric expressed in N/Tex.
- Frgn
Ih = Ter
Tf2: Theoretical yarn tenacity after its integration in woven structure, including the influence
of the weave structure/finishing treatments and is expressed also in N/Tex.
Fhig(r)
Pt b Tex
The strength transfer coefficient C for the given samples has the following values:
S1 sample: Warp 1.14; Weft 0.97
S2 sample: Warp 0.78; Weft 1.03
S2 sample: Warp 1.16; Weft 1.56

=

Further on we tested a plain Nylon 6.6 yarn in order to compare with the extracted yarns. The
test reports that the yarn extracted from the fabrics had almost double the breaking strength
than our sample yarn. We didn’t have at the time high tenacity yarn but this shows that the
yarn used in paraglider and parachute fabrics is indeed high tenacity Nylon 66.
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3. CONCLUSIONS

The fabric breaking strength is in line with the breaking strength of the yarn, this validates the
testing methods and yarn extraction method. A strength transfer coefficient greater than one
means the woven structure has higher theoretical tenacity than all the yarns combined. This
means that the calendred fabric S3 woven structure amplifies better the yarn tenacity than
coated fabrics; however the S1 fabric is not far behind and has way better breaking strength,
lower elongation and also lower airt permeability, probably because of the double-ripstop
structure.

The highest yarn elongation of S2 influences in an interesting way the tearing behavior and
tearing strength results. The S2 fabric gets the highest tearing resistance due to this but is not
necessarily the correct one since the fabric teared incompletely. Some threads remained in
structure and influenced the results.

Due to the nature of the single sail wing, the amount of fabric used in the manufacture is
almost halved therefore the fabric can be a little heavier and also can have a less than perfect
air permeability because the shape is maintained by several rigid members. Thus we conclude
that the fabric must use yarn of high tenacity Nylon 66; the link used double-ripstop and
coated with a very thin layer of polyurethane.

Further on the fabric must be woven and determine its physical characteristics and check to
see if these are within the expected values.
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Abstract: The contribution gives an overview of the Erasmus~+ project Smart textiles for STEM
training — Skills4Smartex, funded by the European Commission. Presented are main objectives, aims
and expected results, focused on experiences, gained through the first year’s project activities’ in
Slovenia. The project aims to improve the knowledge, skills and employability of students in the
fields, related to STEM (Science, Technology, Engineering, Mathematics) by providing appropriate
training tools to understand multidisciplinary work through smart textiles. The main objectives of the
project are: (1) Creating a Guide on smart practices meant for supporting innovation in textile
enterprises; (2) Creating a Course in smart textiles, meant for multidisciplinary thinking; (3)
Creating a dedicated e-learning instrument, meant for channeling the interest of VET students for
"serious games"; (4) Improving the skills of students by means of practical work in constructing
smart textile prototypes. The project activities began with a survey on smart/technical textiles
completed by 63 textile companies at the EU level; 10 of them were from Slovenia. The aim was to
identify existing opportunities for producing smart textiles in enterprises and forecasting expected
occupations and work profiles for young trainees. The results will be published in a guide meant for
transferring smart practices from enterprises to Vocational Education and Training (VET) schools
and young students.

Keywords: E+ project, Skills4Smartex, STEM, smart textiles, Slovenia

1. INTRODUCTION

The Erasmus+ project Smart textiles for STEM training — Skills4Smartex is third in the row of the
successful projects devoted to e-learning in the wider scope of textiles. The projects were carried out by
the consortium, consisting of the Universities and Institutes from different European countries. The first
project was entitled E-learning course for advanced textile fields — Advan2Tex and was carried out in the
period 2014-2016. The project Knowledge matrix for innovation and competitiveness in textile enterprises
— TexMatrix followed in the period 2016-2018. Advan2Tex project aimed to provide e-learning content
for professionals in textiles, young entrepreneurs and students in higher education. The project consortium
developed seven e-learning modules, meant to foster the involved target groups to apply the knowledge
within their own textile organizations. TexMatrix project was based on an organizational management
instrument named the Knowledge Matrix for Innovation, where the intangible assets of innovation
capability of the involved textile companies were quantified/improved [1-5]. The project Skills4Smartex -
Smart textiles for STEM training, is also funded with the support from the European Commission. It is a
strategic partnership - KA2 - Vocational Education and Training, in the field of transfer of innovation
from research providers towards textile companies and VET schools.

The project partners are: INCDTP - The National R&D Institute for Textiles and Leather, Bucharest,
Romania (coordinator), TecMinho, Interface of the University of Minho, Portugal, Ghent University,
Faculty of Engineering and Architecture, Department of Materials, Textiles and Chemical Engineering,
Belgium, Technical University “Gh. Asachi” lasi, Faculty of Textiles, Leather and Industrial
Management, Romania, TZU, Textile Testing Institute, Brno, Czech Republic, and University of Maribor,
Faculty of Mechanical Engineering, Institute of Engineering Materials and Design, Maribor, Slovenia.
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2. OBJECTIVES AND OUTPUTS OF THE SKILLS4SMARTEX PROJECT

Skills4Smartex project aims to improve the knowledge, skills and employability of STEM students in the
fields related to STEM (Science, Technology, Engineering, Mathematics) by providing appropriate
training tools to understand multidisciplinary work through smart textiles. The main objectives of the
project are: (1) Creating a Guide on smart practices meant for supporting innovation in textile
enterprises; (2) Creating a Course in smart textiles, meant for multidisciplinary thinking; (3) Creating a
Dedicated e-learning instrument, meant for channeling the interest of VET students for "serious games";
(4) Improving the skills of VET students by means of practical work in constructing smart textile
prototypes.

Taking into account the four objectives of the project, the project consortium will design/produce the
following outputs: O1 — Guide for smart practices; O2 — Course in smart textiles; O3 — Dedicated e-
learning instrument.

There are several tasks, distributed among the whole project consortium for each of the outputs. The tasks,
related to the first output, started with the elaboration of the questionnaire and performing the survey by
involving altogether 63 textile companies from Belgium (10), Czech Republic (10), Portugal (12),
Romania (21) and Slovenia (10). The survey aimed at a state-of-the-art report related to Technical and
Smart Textiles with the goal to identify existing opportunities for producing smart textiles in European
companies and forecasting expected occupations and work profiles for young trainees. Furthermore, an in-
depth analysis was performed by including 3-4 representative companies having more
experiences/products related to technical/smart textiles from each of the involved countries. The results
will be published in a Guide meant for transferring smart practices from enterprises to Vocational
Education and Training schools and young students. Providing real life prototypes and multi-disciplinary
working activities on smart textiles will make textile occupations more attractive to young students, and
will improve knowledge, skills and employability of VET students in STEM related fields (STEM —
Science, Technology, Engineering and Mathematics) [2, 6]. The Guide will be implemented on-line using
the Moodle e-learning platform [7].

The tasks within the second output, Course in smart textiles, relate to the elaboration of the chapters for
the smart textile course with multiple choice tests for each of the chapters. An important part of represents
the elaboration of the smart textile prototypes, which will help the participants of the blended courses
understand the basic principles of design/production/functions of smart textile materials/products.

The third output leads to design/implementation the e-learning materials on the project platform. Each of
the project partners will prepare and execute the blended courses for 20 participants (VET schools,
students, companies’ employees). Before that, workshops will be organized with a goal to promote the
project’s objectives, outputs, and to attract/invite the participants for the blended courses.

3. TECHNICAL AND SMART TEXTILES SECTOR IN SLOVENIA

In this part of the paper we are presenting the most important facts related to the results of the survey on
technical and smart textiles, performed in textile companies in participating countries, with a special focus
on Slovenia [8].

In Slovenia, most of companies participating in a survey are involved in clothing/fashion and technical
textiles sector, similarly as in other countries, Figures 1 and 2. Mainly, they are small companies, with less
than 10 employees (40%).

= Clothing/ fashion

u Technical textiles

u Yarn/ fibre producer
= Textiles & fabrics

u Dyeing & finishing

Other

® Clothing/ fashion W Technicaltextiles ™ Yarn/ fibre producer

Fig. 1. Type of the industry (consortium level) Fig. 2. Type of the industry (Slovenia)
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The surveyed Slovenian companies produce technical textiles mainly for protective fabrics to improve
people safety in the workplaces (17 %), technical textiles for clothing applications (14 %), textiles used in
a domestic environment - interior decoration and furniture, carpeting, protection against the sun, cushion
materials, fireproofing, pillows, floor and wall coverings, textile reinforced structures/fittings (10 %),
textiles used for chemical and electrical applications and textiles related to mechanical engineering (10
%), while other types of technical textiles are less represented (7 %). The results of the survey at the
consortium level are similar, with some deviations, Figures 3 and 4.
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Fig. 3. Type of technical textiles (consortium level) Fig. 4. Type of technical textiles (Slovenia)
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At the consortium level, more than half of the companies have either no involvement or involvement only
in the first generation of smart textiles. Companies which reported “other” in the questionnaire, refer
Participation in European projects in the field of smart textiles. According to the survey, 37 % of the
Slovenian companies have expertise related to the first generation of smart textiles, 25 % in second
generation, 11 % in third generation and 5 % in fourth generation, while 19 % of the surveyed companies
have no expertise until now.

The generations of smart textiles are defined as follows [8]:

First generation: functional smart textiles - all effects are mentioned, with emphasis on water and stain
resistant, as well as conductive thermic / electric.

Second generation: passive smart textiles reacting to the environment - All effects are mentioned, with
emphasis on thermal aspects (thermally regulated, heat involving and heat fabric and storage). Colour
change fabrics have been highly rated in Slovenia and in Portugal.

Third generation: smart textiles with attached or embedded components - All effects are mentioned, with
emphasis on temperature regulating. Activity reading and heart beat reading are given significant
importance in Belgium and Slovenia, in line with the focus on Sportech and Medtech.

Fourth generation: Ultra smart textiles, much more advanced, combines sensors, actuators, and
communication, help anticipating needs of the wearer - Interactive wear and sport jackets.

4. CONCLUSIONS

In this contribution we have presented the goals and outputs of the Erasmus+ project Skills4Smartex.
In the foreseen e-learning materials both bottom-up and top-down approaches will be applied in order to
use the STEM principles for understanding smart textiles’ solutions. The bottom-up approach means
from STEM to SMART focusing on the basic sciences (maths, physics, chemistry and electrics) that
contribute to the construction of a smart textile product. The top-down approach means from SMART to
STEM and focuses on smart textile prototypes, which will be constructed by the project partners.
Providing real life prototypes and multi-disciplinary working activities on smart textiles will make
textile occupations more attractive to young students, and will improve knowledge, skills and
employability of VET students in STEM related fields. The Slovenian experience supports such
approach and needs, which was confirmed also by the analysis of the survey amongst the textile
companies.
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Abstract: The textile industry is one of the most important polluters of the environment. The linear economic
system, which dominates the sector, puts pressure on resources, pollutes and degrades the natural environment
and its ecosystems and creates significant negative societal impacts on a local scale, regional and global. Given
the multitude of technologies, which are growing exponentially, the complexity of current economic processes
and society and the need to respond to growing environmental risk challenges, it is necessary to operationalize
the textile sector through convergent solutions: disruptive innovation, circular economy, education for
sustainable development. The article outlines the benchmarks of the spatial operational scale for creativity,
innovation in the context of the textile field, from fiber to textiles, in the succession of (un)conventional,
processing processes, on traditional production chains, finalized by specific activities for clothing production,
respectively on multidisciplinary production chains, completed by activities specific to obtaining textile systems.
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1. THE TEXTILE - GARMENTS SECTOR PRESENTS THE REPORT

Given the fragmentation, internationalization, capital intensity and profitability, Euler Hermes
analyzes indicate that the textile industry is trending over the next few years, as sales are expected to
decelerate close to 1.5% / year in 2019 and stabilize slightly at 2 % / year in 2020, compared to the
average growth of 3.5% that took place between 2014 and 2018 [01]. But even in these conditions, the
textile industry is one of the most important polluters of the environment. The linear economic system,
which dominates the sector, puts pressure on resources, pollutes and degrades the natural environment
and its ecosystems and creates significant negative societal impacts on a local scale, Regional and
global (figure 1).
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By 2030, global textile consumption is expected to increase by 63%, from 62 million tonnes today to
102 million tonnes, with corresponding effects in the field of waste and environmental protection (fig.
2). If the textile industry continues in this way, (300 million tonnes of resources consumed, 22 million
tonnes of microfibre in the ocean, 26% CO2), the implications are major and require capturing the
current opportunities to obtain better results from an economic point of view, Ecological and social.

2. SOLUTIONS BASED ON CREATIVITY, INNOVATION AND FUTURE FOR THE
SUSTAINABLE DEVELOPMENT OF THE SECTOR

Against the backdrop of ever-increasing competitiveness and major global challenges, 'innovative
practices and creative solutions are a springboard to economic growth and well-being.'

The challenges are all the more complex as the explosion of knowledge is general in nature and is
based on: a) Internet of Things or Industry 4.0; b) Big data - cheaper storage media, faster processing
methods more efficient algorithms; c¢) Rhythm of technological changes and intense activity of
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disruptive innovation; d) The existence of a society based on knowledge and transdisciplinary
collaboration. The major challenges (table 1), which govern the world, refer to the demographic
and climate changes to globalization and to sustainable energy sources.

Table 1: Major challenges Source: [03]

Globalization - Scientific and technological progress;
- Opening of new markets;
- Knowledge-based economy;

Demographic changes - The structure by age and occupation changed;
- Economic efficiency and equality between the ages;
- Migration;

Climatic changes - Reduction of greenhouse gas emissions;

- Adaptation to inevitable changes.

Safe, sustainable and competitive | - Limited reserve, high demands;
energy sources - Reducing carbon emissions.

In 1982, Buckminster Fuller - 20th century visionary, systems theorist, author, designer, inventor, and
scientist - presented the 'knowledge doubling curve', to which IBM added its predictions after 1982.
Until 1990 Mankind doubles its knowledge every one hundred years, until 1945 the rate of doubling
decreased to 25 years, followed by a new decrease within 12-13 months until 1982. Starting with
1982, IBM mentions that on average, the knowledge of humanity doubles every 13 months with the
observation that the doubling rate is variable for different types of knowledge and estimates that the
doubling rate will decrease to 12 hours. Given the multitude of technologies, which are growing
exponentially, the complexity of current economic processes and society and the need to respond to
growing environmental risk challenges, it is necessary to operationalize the textile sector through
convergent solutions: disruptive innovation, circular economy, education for sustainable
development.

2.1 Disruptive innovation means crossing borders and creating new conceptual spaces,
disruptive innovation creating new markets or reconfiguring new ones, transforming a product
that was traditionally so inaccessible that few customers could afford it in a mass product.
Disruptive technology is defined, very simply, as one that is about to completely change the
rules in its own domain [04]. The successful companies of the future will be the ones that not
only adopt the new technologies, but will generate the change themselves. The disruptive forces
with the greatest impact in the activity sector of companies that change the game anticipate the needs
of consumers and look for new solutions, have been identified as the following: a) Behavior change,
b) Digital technologies, ¢) Threat from competitors [05] [06] [07]. Everett M. Rogers, in the
reference paper Diffusion of Innovations, identifies the stages of adoption of new technologies
(table 2) by the general public.

Table 2: Stages of adoption of new technologies Source: [08]

Steps
Innovators That part of the public that is very open to innovation
Early adopters A great open to new products and interest for them
Early majority Marks the moment when a product begins to be accepted by the general public
Most late After the product has already been validated, it is adopted by a large majority of the public,
more conservative
Slow adopters The 'late', reluctant to new products, but who will adopt the new products after they have

been validated by the majority

The specialized literature indicates, as key moments of the road to success in the context of
the existence of a hyper-converged infrastructure, identifying the success trends, developing a
good product, choosing the right moment, understanding the market and its needs, promoting the
products to reach the target group.

2.2 Circular economy - Europe needs to transform its economic model from a growth pattern of

'obtaining, manufacturing, using, eliminating' - a linear model that assumes that resources
are abundant, available and cheap to eliminate - to a pattern that favours Reuse, repair, reconditioning
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and recycling of existing materials and products (fig. 3). The objective of the circular economy is to
reproduce the quasicyclic functioning of natural ecosystems [09]. The circular economy
model synthesizes several major schools of thought. The estimated impact of the
implementation of the circular economy at European level will be manifested simultaneously on
four levels [11]; [12]:

- economically, by increasing competitiveness, GDP and transforming it into a sustainable one at the
level of the European economy, supporting innovative initiatives;

- socially, through integration and social cohesion, increasing the quality of life, changing consumer
behavior, creating new jobs;
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Fig. 3. The circular economy model [10]

- from the environment, by reducing the negative and irreversible effects on the climate and the
environment;

-efficient use of resources (reducing the dependence of the European economy on imports of raw
materials).

2.3 Education for sustainable development -"Education for Sustainable Development (EDD)
determines a reorientation of education to motivate people to take responsibility in the problems facing
the entire planet. But it is more than learning about sustainable development. It is supported the
accumulation of knowledge for understanding the complexity of the world, developing
interdisciplinary understanding, critical thinking, but also the capacity to act to meet these challenges
through sustainable solutions" [13]. Education for Sustainable Development is a key tool for achieving
the SDGs [14]. This education must become an integral part of the quality of education, inherent in the
concept of continuous learning. Competence-focused education, ensuring that all students acquire the
knowledge and skills needed to promote sustainable development, including through education for
sustainable development and sustainable lifestyles, widespread expansion of facilities for continuous
promotion and improvement throughout life, expansion into formal education University of
sustainable development as principles and speciation and emphasizing the role of interdisciplinary
research in the development of a sustainable society are 2030 targets for Romania.

3. STARTING POINTS FOR NEW PERSPECTIVES

For the textile-garments sector, defining the starting points for new perspectives of sustainable
development, influences the way of scientific approach of the strategies of the economic agents, able
to avoid the risks, the uncertainties and the crises. Respecting the "waste hierarchy" (fig. 4) and
considering the estimated benefits for climate change brought about by the recovery of textile waste
(fig. 5), it is up to the economic agents to define their option of existence and development [15].
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Among the framework actions that can be implemented, through a minimal effort to change
the concepts of existence, we can mention: (table 3).

Table 3: Starting points vs. effects caused
Starting point Effect

Inclusion in the profile strategies  Promote the efficiency of resource utilization and circular economy.
of the role of waste management.

Implementation of ecological - Reducing the impact on the environment throughout the product life cycle.

design principles in the develop- - Consumer safety and health.
ment agent's economic policy. -Recycling and reuse.
Cluster policy development. - Supports synergies and innovations in the area of circulareconomy.

- Development of thematic clusters, creation of premises for reconciling
economic and environmental imperatives.
Development of interoperable - Implementation of a centralized data reporting system.
databases for circular economy, - Realization of a dynamic interaction process between: research - the business
of waste trading platforms. environment - the professional training system - public factors.
-Development of the industrial symbiosis process.
- Better information for all stakeholders on the opportunities and challenges of
the circular economy in the field of textile waste.
- Implementation of best practices in the field.
- Closing the resource consumption loops, maintaining the competitiveness of
the business environment in a dynamic market.
The research, education and - Establishing a thematic strategy for transdisciplinary research.
communication component. - Promoting education for sustainable development at all levels of education,
training young people for new skills specific to the circular green economy.
- Eco-awareness, intelligent consumption, by promoting awareness campaigns/
information of communities.

4. CONCLUSIONS

The factorial over-dimensioning of economic, social and environmental phenomena and processes,
which define the current society, impose on the textile sector, the need to adopt a vision that will allow a
production resilient to the effects of climate change, through intelligent, green and inclusive
economic growth. Researching the methods and tools of strategic management and sustainable
development of enterprises offers solutions for the implementation of a coherent, systematically
elaborated policy - an absolutely necessary condition for an existence and a sustainable development.
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	THE ELECTROMAGNETIC SHIELDING BEHAVIOR OF LAYERED KNITTED FABRIC STRUCTURES
	Özlem KAYACAN, Neza BAKIR, Barkın TRAŞ
	1. INTRODUCTION
	The electronic devices cause electromagnetic interferences  (EMI),  which  increases  health  problems [1, 7-8]. Researches are continued intensely to develop textile surfaces with electromagnetic shielding  properties  [2-5,  9-13]  and  in  this  st...
	In this study, free space measurement technique is used in order to determine SE (shielding effectiveness)  of  knitted   fabrics   using   a   spectrum   analyzer,   Anritsu   MS2711D. Fundamental measurement method is based on the signal attenuation...

	3. RESULTS AND DISCUSSION
	The SE results of the single jersey fabrics are given in Fig. 3. In Fig. 3a it can be seen that the mean value of the single jersey SJ is almost 7-8 dB in vertical direction (wale direction). Only in small frequency ranges, the SE value is higher than...
	The SE results of the interlock knitted fabric samples (I) are given in Fig. 4. It can be seen in Fig.     4a that the SE values of interlock structures(I) are higher than SE values of SJ structures (Fig. 3a)  due to the increase in stainless steel am...


	DECORATING FURTHER: APPLYING COSMETIC FINISHES TO THE HAUTE COUTURE
	Anika SITARA, Mudassar ABBAS, Faiza ANWAR
	1. INTRODUCTION
	Research and experimentation becomes salient element for the rising of any country’s economic development. It gives confidence to researchers and scientists, because the advantage of radical researchers gives intuition to procedures, demonstration, co...
	Phosphorous is listed at fifteenth number of periodic system. It is related to 17th century when no one was familiar with a chemical element. About hundred years ago scientific history on phosphors is traced. Decay process of electrons is apparently m...
	2.8 Equipment
	The process has been performed of various machines. From  printing machine to stitching machine  all of the necessary equipment and finishing.


	3. CONCLUSIONS
	The research and development of this hypothesis deduces that functional finishes  can  be  applied by both ornamental and mechanical point of view. The exceptional combination of  Haute couture and functional finishes is introducing a new era in garme...
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	1. INTRODUCTION
	2. EXPERIMENTAL
	2.1 Materials
	2.2 Melt spinning
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	3. RESULT AND DISCUSSION
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	INVESTIGATION OF THE USAGE OF OZONE IN DENIM FINISHING PROCESSES
	Ömer Faruk AL1, Emre SAM2, Merih SARIIŞIK3, Gülşah Ekin KARTAL3
	1. INTRODUCTION
	In our diminishing world, using the available resources in the most  ideal  way  has become  inevitable in the name of all the vitality living in the world. In order to alleviate the environmental burden and increase the understanding of green product...

	3. RESULTS AND DISCUSSION
	The weight loss of the fabrics as a result of 3 different effecting methods and 20 different recipes were shown in Figure 1.
	When the results were examined, it is seen that the lowest weight loss occurs with ozone method. Less weight loss was observed in the desized samples compared to the sized ones. The reason for  this can be explained by the fact that ozone does not ful...
	The color measurement values of denim fabrics were given in Figure 3. The b* value represents the blue-yellow axis value in the CIE-Lab color system and the blue value increases as the b* value decreases. L* indicates the lightness value and the color...
	When the color values of denim fabrics were examined, it was found that all bleaching processes      in general increased the color lightness of the fabrics. It is seen that the highest clearance value obtained was in prescriptions 12 and 14. This res...

	Gizem Karakan GÜNAYDIN1, Mine AKGÜN2, Ayça GÜRARDA2, Erhan Kenan ÇEVEN2, Bülent ASLAN3
	1. INTRODUCTION
	Fabric friction is defined as the resistance to motion when the fabric is mechanically rubbed against itself or rubbed against another material. Dimensionless ratio of friction force (F) between two materials to  the normal force (N) pressing the bodi...
	Additionally, in order to evaluate the effect of weft density and flame retardant ratio (g/l) on fabric static and kinetic friction coefficient; Completely randomized two-factor analysis of variance (ANOVA) was conducted (Table 2). It was observed tha...

	4. CONCLUSIONS
	From the results obtained, it has been observed that weft density as one of  the  main  fabric  structural properties and flame retardancy finishing process were considered as the influential factors on the fabric friction coefficient results. Accordi...
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	FABRICS FOR BUILDTECH ELECTROMAGNETIC SHIELDS BASED ON MAGNETRON SPUTTERING DEPOSITION
	Lilioara SURDU1, Cristian STANCU2, Emilia VISILEANU1,
	SEM images were taken with three magnifications of  2000X, 4000X and 8000X, in order to reveal  both the  general aspect of  the  coated yarns and the particularities of the coatings. Fiber widths were  in the range of  20-24  μm.  The  results  evide...
	Results of electromagnetic shielding effectiveness show values between 1-2.2  dB,  especially  at  higher frequencies of 500-1000 MHz. This is a  relatively  low  shielding  effectiveness,  when compared to requirements of electromagnetic shields of 2...

	AN INVESTIGATION ON SURFACE RESISTIVITY OF POLYPROPYLENE FABRICS MODIFIED WITH IONIC LIQUIDS
	Yasemin SEKI1*, Aylin Altinisik TAGAC2
	Polypropylene is recognized as the most widely used petroleum based fiber in textile industry [1]. Based on its ease of processability, low density, chemical inertness, relatively specific strength and low cost, polypropylene is utilized for manufactu...
	The efficiency  of   the   ionic   liquid   treatments   was   determined   by   surface  resistivity measurements. The surface resistivity  of  the  polypropylene  increased  from 1010 to 1013 ohm/sq. EIL application decreased the data to 109, 107 an...
	In this study, polypropylene fabrics were treated with chromic acid and post-modified with BIL and EIL ionic liquids in order to decrease surface resistivity. Chromic acid enhanced thermal stability of PP but damaged the surface of the fiber optically...
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	1. INTRODUCTION
	2. MATERIALS AND METHODS
	Atmospheric pressure DBD plasma treatment
	2.3. Assessment of fabric’s properties
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	Effect of atmospheric pressure DBD plasma on wicking height of polyester-cotton blend fabric
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	NANOCOATING OF POLYESTER FABRIC WITH GRAPHENE OXIDE
	Beyza DOĞAN1, Şule Sultan UĞUR2, Banu TÜRKASLAN2
	1.INTRODUCTION
	Graphene is the name given to a flat monolayer of carbon atoms tightly packed into a two-dimensional (2D) honeycomb lattice and is a basic building block for graphitic materials of all other dimensionalities [1]. Especially  in  textile  researches  w...

	3. CONCLUSIONS
	𝜎 = 1⁄𝑅
	It was observed that after the reduction process the coating times were not significant in terms of conductivity increase as shown in Table 1. The best conductivity value was observed with a good reducing agent Na2S2O4.
	FTIR spectroscopy showed the diminution of the bands attributed to oxidized groups after reducing GO to RGO. The reduction of oxygen below a certain level is not really feasible because it is difficult to remove remaining hydroxyl groups [6-7]. When R...
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	A MODIFIED TWIST-SPINNING TECHNOLOGY: THREE-ROVING YARN SPINNING
	Murat DEMIR1, Musa KILIC1
	1. INTRODUCTION
	In recent years, the needs for yarns in different properties or for more  efficient  production  processes,   many   alternative   spinning   technologies   have    been    introduced.    Twist    spinning,   mostly   known   siro-spun   spinning,   i...

	3. RESULTS AND DISCUSSION
	3.1 Hairiness
	Error bar graphs for hairiness values of TPY, TSY and TSYWDC at 95% confidence level is given in Figure 3. Results showed that TPY have higher H and sh values than TSY and TSYWDC. This situation can be explained by less production process for TSY prod...

	3.2 Mechanical Properties
	Error bar graphs for breaking force (cN) and breaking elongation (%) values of three types of yarns are given in Figure 4. ANOVA results for breaking force show that, there is no statistically significant difference between three-plied and both three-...

	3.3 Unevenness
	Investigating the unevenness results show that, TSY and TSYWDC have higher unevenness (% CVm) and optical unevenness (%CV2D) values than TPY. During yarn production of three-strand yarns, spinning triangle  is  not  stationary  (Figure  5-6).  When  t...


	4. CONCLUSIONS
	In this study, inspired from siro-spun yarns, three-strand twist yarns were produced placing with three-strand funnel and three-grooved delivery cylinder. Comparing results showed that both three-strand  yarns  have  better  hairiness  and  similar  m...
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	1. INTRODUCTION
	Although cotton fiber is the most popular and widely used  nature  material in  the  textile  industry, these fibers are burn easily.  Thus, application  of  flame-retardant materials  on cotton cellulose  has  become an important issue in the  textil...
	of curing, i.e., un-coded values. A (B) are the coded variables. According to the CFF, the factors are tested at 3 levels, equivalent to levels − 1, 0 and +1. The  absolute  values X and  the respective coded values can be obtained by a linear transfo...
	∆X = (Xmax-Xmin)/2,   A (B) = (Xi - X0)/ ∆X (2)
	LOI value: the higher the  curing temperature and time are, the higher the LOI  of the  treated sample  is. But for the LOI value  to  be  higher  than  25,  the  curing temperature  must be  higher than 177oC and  the curing time must be longer than ...
	(a)  (b) (c) (d) (e)
	The optimal curing temperature and curing time were investigated from the numerical optimization approach with the assistance of software Design-Expert with the aim to get the  fabric  having  the highest flame resistance (LOI≥25), maximum mechanical ...
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	ENHANCING COLOUR FASTNESS PROPERTIES OF DENIM FABRICS BY USING NANOFILM DEPOSITION METHOD
	Şule Sultan UĞUR1, Merih SARIIŞIK2, Münevver ERTEK3, Dilek ŞARAPNAL4

	TREATMENT OF TEXTILE WASTEWATER USING MICROBES’ INOCULATED FREE-FLOATING AQUATIC PLANTS BASED
	Muhammad Qamar TUSIEF1, 2, Mumtaz Hasan MALIK2*, Muhammad MOHSIN3, Hafiz Naeem ASGHAR4
	1. INTRODUCTION
	Textile and clothing industry is one of the most important industries of a number  of countries in the  world. Besides providing the necessity i.e. clothing to the world population, it is a source of employment, foreign currency earning and sustained ...

	3.2. Electrical Conductivity (EC)
	The EC of a solution is the best indicator of presence of dissolved ions in it. According to the Natural Resources Conservation Services (NRCS), water having EC 2 mS/cm is safe for irrigation [27]. The EC value of treated waters, given in table 3, sho...
	Analysis of variance (ANOVA) for regression (table 2) showed that the EC was inversely affected by the retention time at the rate of 0.001. The degree of certainty was found high (r2 = 0.30) that ensured the best representation of the data observed by...
	The data presented in table 5 depicted significant effects (α=0.05) of all treatments and retention times on the TSS. Maximum value of TSS (70 mg/L) was for control treatment C at the initial time TM1 that reduced to its maximum level (41 mg/L) under ...
	3.5. Biological Oxygen Demand (BOD)
	The biological or biochemical oxygen demand (BOD) is  a key indicator of presence of organic  pollutants in wastewater. The BOD value of contaminated water reflects the amount of oxygen required by aerobic biological organisms to degrade organic mater...

	3.6. Chemical Oxygen Demand (COD)
	The COD value of wastewater is also an important organic pollutant indicator present in it. The COD measurement reflects the consumption of oxygen to chemically oxidize organic contaminants  of wastewater to inorganic end products. The comparison of m...

	3.7 Comparison of results with NEQS and ZDHC standards
	The best values of pH, EC, TDS, TSS, BOD and COD, obtained in the present study, were compared with the industrial and municipal wastewater quality standards set by NEQS and ZDHC.  All the parameters  were found within the set limit (table 8),  demons...


	3.8 Effects on plant growth
	The plant growth analysis was made by visually observing the physical appearance of plants in respect of emerging and growth of new roots and leaves. It was observed that Eichhornia crassipes showed better growth as compared to Pistia stratiotes after...
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	EFFECTS OF INTERMINGLING PRESSURE LEVEL ON PROPERTIES OF POLYESTER KNITTED FABRICS
	Gonca BALCI KILIC
	1. INTRODUCTION
	Texturing is a method that imparts natural fibre properties to  the  synthetic  fibres.  Texturing  process  provides  bulkiness,  extra  stretch,  porosity,  better  handle,  air   permeability   and   comfort properties to flat continuous filament y...
	When the unit weight and thickness values of the fabrics are examined, it is seen that the effect of intermingling pressure level is statistically significant at α=0.05 and fabrics which were produced from not intermingled yarns have the highest value...
	Within the context of the study, porosities of the fabrics were analysed by image analysis (Fig. 3) Statistical analysis showed that effect of intermingling pressure level on fabric porosity  is  statistically significant. Knitted fabrics produced by ...
	Fig. 5 illustrates the fabrics’ surface appearances produced by intermingled melange yarns. As it can be seen from the figure, intermingling pressure level has an important visual effect on fabric surface. The randomness (entropy) values of fabric sur...

	4. CONCLUSIONS
	In this study, effects of intermingling pressure level on  properties  of  fabrics  made  of  multifilament melange PES yarns were investigated. For this purpose, physical, visual, surface and comfort properties of knitted fabrics were measured. Resul...

	Musa KILIC, Gonca BALCI KILIC, Murat DEMIR, Gulsah CELIK, Izzet Onal BUGDUZ, Can BULUT
	1. INTRODUCTION
	Spacer fabrics are textile structures with specific properties that traditional textile structures cannot provide. [1]. With the advantage of the using different materials, flexible product range and three- dimensional structure, spacer fabrics are us...
	Assumptions of new method are as follow;
	After the determination of the shear amount, the shear angle can be calculated (Figure  3). Thus,     the shear force which cannot be measured by the conventional compressibility method will also be calculated.
	In figure 3, R is the resultant force of shear and bending forces. In accordance with the law of conservation of energy, it  is  expected  that  the  R  force  will  be  the  same  with  the  bending  force measured by newly proposed test method.
	Table 1 shows that there is no statistically significant difference between traditional and boxed test results for 7 mm thick spacer fabrics. However, the difference between conventional and boxed test results for spacer fabrics of 10 mm and 12 mm thi...
	In order to find out whether the results of new methods are valid for fabrics that produced under different circumstances, both side open-surface spacer fabrics with same construction and 10

	4. CONCLUSIONS
	In the study, it is aimed to prevent shear deformation and deviated results during traditional compressibility test by the new method. In  the  experimental study, the  compressibility  properties of spacer fabric structures of different thicknesses a...
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	GRAPHENE/GRAPHENE OXIDE BASED COATINGS FOR ADVANCED TEXTILE APPLICATIONS
	Nida NAEEM, Mudassar ABBAS, Mumtaz Hasan MALIK
	1. INTRODUCTION
	In this era of science and technology and  science,  the  development  of  the  nanomaterials  is  rapidly increasing to facilitate the world. Similarly, the production of the carbon based nano materials continue to rise which includes, carbon nano tu...
	In Fig.1, X-ray diffraction (XRD) was performed with Bruker’s X-ray diffracto-meter which scans the graphene. The pattern of graphene oxide shows 001 reflection at 9.090 parallel to a layer spacing of d001 = 0.961nm[8]. The interlayer spacing of GO wa...
	Table.1 shows the air permeability (mm/sec), thermal resistance (m2K/W) and overall moisture management content of the fabric.
	Figure 2 shows that the graphene treated samples does not deteriorate the air permeability of the fabric making it more breathable because of less closing of pores in the fabric polymeric structure. Thus, the graphene finish does not have any adverse ...
	Figure 3 shows the thermal resistance of the fabric. The graph  shows  that,  with  the  rise  in  graphene  concentration  from  0.1%  to  1%,   thermal   resistance   decrease   which   means   that the thermal conductivity of the fabric rises at hi...
	Figure 4 shows the decrease in OMMC value of the samples  with  the  increase  in  the concentrations of graphene because the application of graphene causes the reduction in pore size that does not allow the water vapor transmission through the fabric.


	SEM INVESTIGATIONS ON OLD MAPS WITH CANVAS SUPPORT
	Dorina Camelia ILIES1, Liliana INDRIE2, Jan WENDT3, Alexandru ILIES1, Ovidiu GACEU1, Elena DEMENCHUK4, Florin MARCU5, Ligia BURTA5, Adriana BAIDOG5, Adina ALBU2, Grigore HERMAN1, Anamaria AXINTE1
	1. INTRODUCTION

	2. LITERATURE REVIEW
	3. METHOD
	4. DISCUSSION AND RESULTS
	5. CONCLUSIONS
	ACKNOWLEDGEMENT

	CONDUCTING POLYMER COATED SMART TEXTILES
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	Flexible and wearable electronics have attracted great interest from industry and academy over the last decade [1,2]. Among them, wearable and flexible sensors that can monitor daily health status or human activity monitoring have great potential in h...
	For example; electrochromism in CPs is due to the changes in theirs π-electronic character and the reversible insertion and extraction of anions through the polymer structure. This redox behavior is responsible for color changes [8]. Fig. 3 shows the ...
	PEDOT:PSS (Polyethylenedioxythiophene: Polystyrenesulfonic acid) is one of the most successful CPs in terms of wearable electronic that has been preliminary investigated in the last ten years (Fig 3a). It has many excellent properties, such as high el...
	In this study, EDOT monomer has been dispersed in aqueous medium by PSS and electrochemically coated on textile material. In order to increase the conductivity of cotton- based textile material, stainless steel wires 0.035 mm in diameter have been add...
	2.1 Materials
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	SURFACE MODIFICATION OF BIOMATERIAL FABRIC USING SUPERCRITICAL N2 JET
	Foued KHOFFI1,2,3, Yosri KHALSI2,3, Abdel TAZIBT2, Slah MSAHLI1,
	The surface treatment technology used in this work consists of spraying onto the surface to be treated solid partic les embedded within a dense High-Speed Supercritical Nitrogen Jet HSNJ. The jet is generated by a pump namely “Nitrojet” which is a pro...
	The surface analysis by optically profilometer (Fig.2) confirmed for both materials the modifications related to the fabric surfaces topography already observed at SEM level. The results show  that  the  mean surface roughness increases with the  pres...
	The tensile strength properties were studied for treated and untreated fabrics. To understand the effect of surface modification on mechanical performances of samples, tensile tests were performed on strip before and after treatment with supercritical...
	It can be observed a slight reduction in ultimate strength and ultimate strain of the fabric after treatment. Maxima l reductions of 15% of strain at P=300 bar  and  14%  of  strain  at  P=500  were  obtained respectively  in  samples  with   SoD=   3...

	Lilioara SURDU1, Ion Razvan RADULESCU1, Emilia VISILEANU1, Bogdana MITU2
	1. INTRODUCTION
	Technical textiles for the Building – construction sector are named Buildtech, according to TechTextil international fair. Buildtech textiles are used for various purposes, such  as  fibers  or  fabrics  reinforced  walls, tarpaulins for sun and UV pr...
	TexEMFiRe has five partners from two countries – Romania and Italy (table 1):
	TexEMFiRe main aim is introduction of magnetron plasma sputtering  for  achieving  Buildtech technical textiles with good electromagnetic shielding  and  fire  retardant  properties.  Metallic particles, such as copper, nickel etc., with  a  good  ele...
	These 100% cotton and 100% PES fabrics were coated by magnetron plasma sputtering with Copper particles. A low pressure plasma equipment with two vacuum pumps and an advanced energy RF generator (13.56 MHz) was used for this purpose within INFLPR labo...
	The samples were coated on both sides of the fabric with a 400 nm thick Copper layer. Shielding effectiveness values [dB] for the frequency range of [0.1-1000 MHz] was determined via a TEM cell (Standard ASTM ES07) for sample 1 out of 100% cotton and ...

	4. FIRE RETARDANT FABRICS
	Fire retardant properties were  achieved  on  the  100%  PES  fabrics  by  magnetron  sputtering  with  silicon. Flexiburn (James Heal) equipment used for evaluation of fire-retardant properties within INCDTP laboratory (Standard SR EN ISO 6941:2004)....
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	1. INTRODUCTION
	Vocational trainees and students in basic  stage  of  higher  education  learn  a  series  of theoretical disciplines and  they  are  eager  to  get  the  touch  of  practice,  to  understand  final applications  of  their  knowledge.  STEM  stands  f...
	Figure 1a presents the  work  profiles  with  higher  education  studies  needed  in  the textile  industry.  There is a large need for Electronics and  IT  engineers  when  compared  to  existent  work  force. Quality engineers and textile engineers ...
	Figure 3 presents the interest of textile companies on partnership level to produce  first generation  smart textiles. Highest interest was reported for water resistant and conductive thermic and electric textile products with 18%. Another category of...

	3. CONCLUSIONS
	Skills4Smartex project is still ongoing. Its results for  the  first  year  cover the  Guide for  smart   practices of 74 pages with graphs and comments related to survey on smart textiles, some interviews with companies, meant to enable  transfer of ...
	Future activities include the elaboration of the course’s modules from STEM to SMART (shows basic disciplines  relation  to  smart  textiles)  and  from  SMART to  STEM  (shows components   of  smart textile prototype into basic disciplines). Each par...
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	RESEARCH ON DESIGNING COMPOSITE TECHNIQUES FOR OBTAINING THE 3D HYBRID COMPOSITES WITH CONDUCTIVE AND SEMICONDUCTIVE PROPERTIES FOR SENSORS AND ACTUATORS
	Raluca Maria Aileni, Laura Chiriac
	1. INTRODUCTION
	To design the composite based on 3D electroconductive polymers for sensors and actuators should be  used  input   data   specific   (parameters   of   the   installations   and  independent parameters) and output data (volume resistivity, surface resi...
	An example is known artificial muscles carry out based on the electric active polymers [5, 6, 7] electroactive and ionic electroactive). For the achievement of the polymeric composite materials with 3D Properties suitable for use in  the  framework  o...
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