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WASH FASTNESS PROPERTIES OF PRE-MORDANTED TIE-DYED
COTTON FABRICS DYED WITH MUUKU BARK AND MAROGOLD
FLOWERS NATURAL DYES.

AGULEI Karen Destal, KHAFAFA John?, MWASIAGI Josphat Igadwa®

1.2, 3 Moi University, School of Engineering, Department of Manufacturing, Industrial and Textile Engineering, P.O. Box,
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Corresponding author: Agulei, Karen Desta, E-mail: prisskarena@gmail.com

Abstract: There is a global quest for consumer eco-friendly and sustainable products fashioned with natural
dyes through either printing or dyeing. However, research on imparting white patterns on textile substrates with
natural dye has concentrated on dyeing and printing techniques rather than on tie-dyeing technique. Tie-dying
an ancient craft used for traditional/local identification has been executed at room temperatures with synthetic
dyes. This paper thus investigates the effect of mordants on wash fastness of pre-mordanted tie-dyed cotton
fabrics using natural dyes. Colourants from two plants acquired from Kenya namely marigold flower and muuku
bark plant were extracted using aqueous extraction method. Before dyeing, the fabrics were scoured and
bleached. Saltless dyeing preceded by first pre-mordanting tie-dyed cotton fabrics with copper sulphate and
anhydrous Iron sulphate mordant for 30 minutes at 100°C. After pre-mordanting, fabrics were dyed with
extracted colourants at 100°C for 45minutes. Colour change and staining to wash on the tie-dyed fabric was
analyzed. Tie-dyed cotton fabrics tied using binding and tying technique dyed with muuku natural dye gave
intricate brighter lines and shades respectively than those dyed with marigold flowers. Fastness properties of
the tie-dyed fabrics were acceptable ranging from 3/4 (fairly good) to 4/5 (very good). Anhydrous Iron sulphate
as an inducer gave the best fastness grades. The results suggest tie-dyeing as a possible technique for pattern
creation of environmental friendly fabrics.

Key words: Natural dyes, Tie-dyed, sustainable, fastness, eco-friendly.

1. INTRODUCTION

Sustainable eco-friendly goods produced from natural dyes is the current global need of textile
consumers. This is attributed to the affirmed environmental pollution, carcinogenic and unhealthy
usage of synthetic dyes and salts from the textile industry [1]. Therefore, emphasis on clean &
sustainable environment and healthy living can be achieved through responsible production,
application and consumption of eco-friendly dyes. Application techniques of dyes such as dyeing and
printing with little accent on tie-dyeing have been employed to accomplish eco-friendly patterned
products. It’s argued that tie-dyeing is similar to dyeing and printing [2]. However, unlike printing
where creation of white patterns in cloths requires modelling patterns using software, skilled personnel
[3], lengthy periods & large capital investments for screen development; tie-dyeing fabric preparation
on the other hand, requires human wisdom (intellectual development of patterns) and binding (tight
tying) of fabric with strings or rubber bands. This art of dyeing dating back to pre-historical times [4],
is plausive for creation of unique attractive patterns and colours. The fundamental procedures
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embedded into five major techniques [5], principally are: folding, tying and sowing/stitching of fabrics
done to inhibit absorption of colourant in individualized cloth fragments.

Natural dyes have been employed for dyeing, printing [6], and tie-dye with reactive dyes [4];
but meagerly been applied in tie-dyeing with natural dyes [7]; either through cold dyeing or at elevated
temperatures advocated for [8], because higher temperatures enhance exhaustion and penetration of
dye into textile substrates. Therefore, the objective of this study is to evaluate the wash fastness of
pre-mordanted and dye tie-dyed cotton fabrics via saltless dyeing at elevated temperatures using
marigold flowers and muuku bark natural dye. Marigold flowers botanically termed as Tagetes erectal
is a weed (with yellow flowers) found in plantation and has been used as a dye [9], but not exploited
for tie-dyeing. Muuku tree on the other hand an indigenous tree found in semi-arid areas of Kenya,
likewise has various applications such as ornamental, medicinal (leaves and barks) and dye.
Regardless of the plant part used for dyeing, it’s imperative to determine the wash fastness properties
of dyed fabrics since the elegance of natural tie-dyed fabrics lies in the beautiful shades associated
with age. Furthermore, traditional aesthetics instigate the existence of universal and timeless criteria
of artistic value.

2. MATERIALS AND METHODS

2.1 Material

These included: 4 meters of grey cotton fabric, sodium hydroxide, Hydrogen peroxide, copper
sulphate (CuzS0.), Anhydrous Iron sulphate (Fe2SO.), marigold flowers and muuku bark natural dye,
Narcolab/Multase detergent, grey scales, and wetting agent.

2.2 Method of extraction of natural dye

Marigold flowers and Muuku bark were collected, washed, dried and grinded into powder
using a grinding machine. With a ratio of 1:10; 600g of respective powder dissolved in water was
extracted for 30 minutes at 95-97°C. After extraction, colourants were left to cool, sieved and stored
for dyeing.

2.3 Dyeing Process

Before dyeing, cotton fabric was divided into four sections (each measuring 1 meter) and
prepared. The preparation process entailed combined scouring (5g/l) and bleaching (8ml/litre) with
2m/l of wetting agent. After preparation, the fabrics were washed and dried. Subsequent process was
tie-dyeing of each meter of substrate using different procedures namely sandwiching, binding & tying,
sew-twisting (shown in Fig. 1 and Fig. 2) and pre-mordanting of two meters of substrate with 50g of
copper sulphate and anhydrous Iron sulphate respectively for 30 minutes at 100°C.

Wet on wet dyeing process was conducted through dyeing with muuku dye (fabric pre-
mordanted with Cu,So4) and marigold flower (fabrics pre-mordanted with Fe,SO,) at 100°C for 45
minutes using 2 liters of extracted colourant. After dyeing, fabrics were washed with detergent, rinsed,
shade dried and analyzed for wash fastness using 1SO105-C-06:2010(E). Fastness to wash was
repeated twice, and the average grade recorded.
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Fig. 2: Tied for hydrous Iron sulphate mordanting

3. RESULTS AND DISCUSSION

3.1. Techniques of tying
Dyeing with copper sulphate and anhydrous Iron Sulphate created beautiful shades of orange-
brown and lighter black shades as shown in Fig. 3, Fig. 4, Fig. 5 and Fig. 6 respectively.

Fig. 4 Tie-dyed with Muuku dyes
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The dyeing process was executed under the same conditions of temperature, time, same dye
(muuku dye), colour inducer and fabric but with different tying techniques. Sample A (Fig. 3) that
embraced binding & tying technique while sample B (Fig. 4) which exploited sew-twisting
method, resulted into the production of spiral and rectangular patterns respectively. Both
techniques produced bright shades. However, sample A showed distinct spirals than sample B.

-

Fig. 6: Dyed with arigold flowers

Sample Bm was tie-dyed using sew-twisting techniques while sample Am entailed
sandwiching technique; where parts tied are characterized by umbrella like shapes. As can be seen,
sample Am gave intricate brighter lines than sample Bm. owing to the tightness during tying.
However, for all samples dyed, the shades were dull as affirmed in natural dyeing of cotton substrates.
Nonetheless cotton fabrics dyed with mukku natural dye gave brighter shades than fabrics dyed with
marigold dye.

3.2. Wash fastness

Colour fastness is considered acceptably if the dye has ablity to retain or withstand colour
change when washed. Fastness properties of dyed fabrics in reference to Fig. 3 - Fig. 6; colour change
(CC) and colour staining (CS) are displayed in Table 1. For assessment, gray scale with nine gauges
ranging from 1, 1/2, 2, 2/3, 3, 3/4, 4, 4/5 to 5 where 1 signifies very poor, fairly very poor, poor, fairly
poor, fair, fairly good, good, very good and excellent respectively was used.

Table 1: Fastness Properties of tie-dyed Cotton Fabrics

Fastness to wash

Particular dye and mordant | CC; | CC; | Average | CS: | CS. | Average
Dyed with muuku & copper sulphate

1. Sample A 4 3/4 4 4 3/4 4

2. Sample B 3 4 3/4 4 3/4 4
Dyed with marigold flowers & anhydrous Iron Suilphate

1. Sample An 4/5 4/5 4/5 4/5 4/5 4/5

2. Sample By, 4/5 4 4 4/5 4 4

10
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The fastness grade of the control fabric (fabric unmordanted) dyed with marigold dyed was 1
(very poor) for both colour staining and colour change; and 2 (poor) for control fabric dyed with
muuku bark natural dye

3.2.1. Colour Staining

As can be seen from Table 1, colour staining grades ranged from good (4) signifying the
lowest grade to very good (4/5) denoting the highest grade. This is ascribed to the elevated temperature
of 100°C used during the dyeing process [4]; which enhanced sorption of dye into the fabric hence
through bonding with mordant formed complex coordination [10]. Sample Am tied via sandwiching
technique and mordanted with Iron sulphate using marigold dye had the highest grade of 4/5.
Generally all the fabrics exhibited acceptable similar fastness properties.

3.2.2. Colour Change

Wash fastness grades in Table 1 indicate that fabrics dyed with marigold flowers and muuku
dye similarly exhibited acceptable fastness properties levels ranging from 3/4 (fairly good) to 4/5 (very
good). This implies that, when fabrics were washed, there was a negligible change in colour. This can
be ascribed to the crosslinking of hydroxyl groups of the dye molecules with cotton fabric and
hydrogen bonding between dye, fabric & mordant that formed metal dye complexes. Fabrics tied via
sandwiching technique and pre-mordanted with anhydrous Iron sulphate exhibited better fastness
levels than those mordanted with copper sulphate.

In summary, a comparative analysis of the two mordants recomends sandwiching technique
and pre-mordanting with anhydrous ferrous sulphate as the suitable mordant for dyeing cotton fabrics
using marigold flower natural dye.

5. CONCLUSIONS

The purpose of this paper was to evaluate the wash fastness properties of pre-mordanted tie-
dyed cotton fabrics tied using different techniques. The findings demonstrate that it's possible to tie-
dye cotton fabrics with marigold flower and muuku bark natural dyes. Fabrics dyed with muuku bark
natural dye gave brighter shades and distinct lines than fabrics dyed with marigold tie. The wash
fastness levels of dyed cotton fabrics were acceptable ranging from fairly good (3/4) to very good
(4/5). Fabrics that were first pre-mordanted with anhydrous Iron sulphate then dyed with marigold dye
gave the best fastness properties ranging from 4 (good) to 4/5 (very good). Samples dyed with copper
sulphate had the lowest grade of 3/4 (fairly good). The best mordant was therefore hydrous Iron
sulphate. For this dyeing, binding and tying techniques of pattern designing achieved intricate
line/spirals than sew-twisting and sandwiching technique. However, sandwiching technique enabled
better sorption of dyes as observed by the best fastness grades. Despite this exploratory nature of the
study, the results offers awareness on the opportunities of using unexploited natural dyes in tie-dyeing
and hence accords us the information on attaining sustainable eco-friendly tie-dyed cotton fabrics
created with low environmental impact. The study thus provide the following insights for future
research: use of natural mordants, dyeing under various conditions and optimization of extractions
conditions of natural dye.
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Abstract: The main object of this researh work is to analyze different blend fabric dyeing with reactive and
disperse dyes and evaluate color parameters. In this research work Remazol reactive dye, Tricon diperse dye
and four types of blended fabrics were used like as 50/50 polyester viscose blended fabric (Blend A), 65/35
Polyester Cotton s/j blended fabric (Blend B), 60/40 CVC s/j blended fabric (Blend C), and 80/20 chief value
cotton (CVC) s/j blended fabric (Blend D) for dyeing with light, medium & dark shade. The different blend
fabrics were dyed by batch process with the help of lab dyeing machine keeping material to liquor ratio 1:10.
Spectrophotometer was used to find out the color strength and amount of dye in the fabrics before and after
soap wash. Beside this washing and rubbing fastness levels of the dyed blended fabrics were investigate. It
was found that, considering all the blends the k/s value and fastness properties of blend D is better for light,
medium and dark shade. But if it is considered only dark shade, then k/s value of blend B is higher than all the
blends.

Key words: blended fabrics, color strength, washing and rubbing fastness, Spectrophotometer, cotton and
polyester dyeing.

1. INTRODUCTION

The dyeing of the polyester and cotton, polyester and viscose blend fabric has becomes a
challenge to the modern textile industries due to its variation in color value, shade depth, tensile
strength and surface residual weight loss. These blends are famous due to their aesthetic value and
user friendly performance [1]. Blended is the sequence of processes required to convert two or more
kind of staple fibers into a single yarn or two or more kind of yarn into a fabric composed of an
intimate mixture of the component fiber or fabric [2, 3]. Cotton fabrics are known to have been in
use at least for 7000 years. This dominance of cotton fiber is mainly due to its natural comfort,
performance, and appearance [4]. In recent years, the cotton/polyester blends are considered as the
most widely used fabrics [5]. Polyester fibers have a hydrophobic character, and swell to a very
small extent in the water bath. Hence the penetration of the dyestuff molecules inside the fibers
would be very difficult [6]. Owing to this phenomenon, the dyestuff molecules first absorbed on the
fiber surface may diffuse into the fiber interior. Subsequently, the bonding interactions between the
dyestuff & cellulose may be formed [7].

Four fabric structures were dyed with three different shade % by Remazol reactive dye and
Tricon disperse dye. Finally, spectrophotometer was used to find out the color strength and amount
of dye present in the dyed samples. Color fastness to wash [8], color fastness to rubbing [9] for all
dyed fabrics were determined. Samples dyeing with the Remazol & Tricon showed superior rubbing
fastness & wash fastness with a standard color yield. Here Blend D fabric shows better depth of
shade in reactive dyeing for all shades and all blended fabric structures.
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2. EXPERIMENTAL METHODOLOGY

2.1 Materials and Reagents.

To complete this research work four types of blended fabrics were used like as 50/50
polyester viscose blended fabric (Blend A), 65/35 PC s/j blended fabric (Blend B), 60/40 CVC s/j
blended fabric (Blend C), and 80/20 CVC s/j blended fabric (Blend D). Dyes used for polyester part
dyeing included Tricon yellow Br.SP-3RT, Tricon red-SP-2RT and Tricon blue-EACT. Also dyes
used for cotton part dyeing included Ana: yellow-3RS, Ana: Red-3BS and Remazol blue RR. Other
chemicals Salt, Soda, Wetting agent and Sequestering agent were used. Some instrument i.e Electric
balance, Scissor, Sample dyeing machine, hot wash machine, Pipette, Dryer and Spectrophotometer
with color match software were used to complete this research work.

2.2. Collection of materilas.
All the fabrics (5gm of each fabric), dyes, chemicals and auxiliaries were collected from the
Trust knitwear LTD, Gazipur, Bangladesh.

2.3. Preparation of Sample and stock solution:
In this research work blended fabrics were prepared according to standard from Trust
Knitwear Industries Ltd. Also 0.5% stock solution of Remazol red, yellow, and blue was prepared.

2.4. Analytical Procedures:

2.4.1. Procedure for dyeing

The different blend fabric were dyed by batch process with the help of lab dyeing machine
keeping material to liquor ratio 1:10 for the mentioned shade percentage in the table -1 and table 2.
During dyeing standard method were followed as per prescribes by the manufacturers. At first,
marked 12(4X3) dyeing pot for the 4 samples and 3 shade. As this research is on the blend fabric i.e
fabric composition is polyester and cotton or viscose. At first polyester part is dyed according to the
recipe mentioned in the table 1 and then cotton or viscose part is dyed according to the recipe
mentioned in the table 2. After dyeing the samples were treated as washing, neutralized and drying
sequencially.

Table 1: Recipe using for blended fabric dyeing (polyester part)

Dyes and chemicals Light shade Medium Shade Dark Shade
Tricon yellow SP.RST 0.1% 0.4% 1.0%

Tricon Red SP.2RT 0.2% 0.66% 1.74%

Tricon blue EACT 0.001% 0.0024% 0.0046%
Dispersing agent 20/L 2¢g/L 2g/L

Acetic acid, Wetting agent, Sequestering agent, Anti-creasing agent and Leveling agent were used
1g/L. material to liquor ratio = 1 :10; temperature: 120°C, Time 40 minutes and fabric weight 5 gm
(these parameters were used for three shades).

Table 2: Recipe using for blended fabric dyeing (cotton part)

Dyes and chemicals Light shade Medium Shade Dark Shade
Ana- vellow 3RS 0.1% 0.3% 0.9%

Ana: Red 3BS 0.2% 0.88% 1.8%
Remzol blue RR 0.001% 0.002% 0.0024%
Glauber salt 20a/L 30 a/L 50 a/L

Soda ash 5g/L 8 g/L 12 g/L
Wetting agent, Sequestering agent, Anti-creasing agent and Leveling agent were used 1g/L.
material to liquor ratio = 1 :10; temperature: 80°C, Time 60 minutes and fabric weight 5 gm
(these parameters were used for three shades).
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2.4.2. Measurement of color strength (K/S)

To determine the color strength spectrophotometer (Data-color International SF 600 plus,
D65) was used. The color strength (K/S) and CIELAB values of dyed cotton and polyester samples
were measured at the respective wavelength.

2.4.3. Determination of amount of hue at dyed sample:
Spectrophotometer was also used to determine the amount of hue present in the dyed sample
as well as also evaluate the dye loss% for different blend fabric for different shade%.

2.4.4. Measurement of Color Fastness to wash:

According to the ISO standards 1SO105-C10:2006 method [10] was followed for wash
fastness test. A specimen of 10 x 4cm was attached with a multifiber fabric strip. The change in
color and degree of staining was evaluated visually using geometric grey scale.

2.4.5. Measurement of Color Fastness to rubbing:

Color Fastness to Rubbing ISO standards 1SO105-X12:2001[9] method was followed for
rubbing fastness test. Finally removed the rubbing cloth and color transfer was evaluated by using
grey scale for staining

3. RESULTS AND DISCUSSION

Spectrophotometer was used to determine the color strength and amount of hue of different
blend fabrics individually. The effects of color strength, amount of hue and fastness properties on
different blend fabrics for diferent shade% are discussed below sequentially.

3.1. Effect of different blend and shade%b on k/s value

Effects of different blend and shade% on k/s value are shown in the Table 3 and Fig.1. Here
k/s values of four types of blend fabrics are compared for Light, Medium and Dark shade. In case of
blend A and blend B, the k/s value of blend B is better. Considering all the blends the k/s value of
blend D is better for light, medium and dark shade. But if it is considered only dark shade, then k/s
value of blend B is higher than all the blends.

Table 3: Effect of ki/s value on different blend and shade%

Fabric K/S Value
structure Light Medium Dark
Blend A 3.19 5.16 15.65
Blend B 3.92 5.99 21.75
Blend C 2.59 5.75 19.07
Blend D 4.16 6.43 19.93
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Fig. 1: Effect of k/s value on different blend and shade%

3.2. Effect of different blend and shade% on amount of hue at dyed sample

Table 4 described the Effect of different blend and shade% on amount of hue at dyed
sample. Amount of hue at dyed fabric was taken before wash and after wash. Amount of hue
absorbed by the fabrics and hue loss are described for individual blends and shade% in the table 4.

Table 4: Effect of different blend and shade% on amount of hue at dyed sample

Shade | Fabric Hu | Amou Hue at fabric Hue loss
% structure | e nt Before wash After wash Before wash After wash
Y 0.1 0.09 0.07 0.01 0.03
Blend A R 0.2 0.080 0.078 0.12 0.122
B 0.001 0.0005 0.0002 0.0005 0.0008
Y 0.1 0.075 0.023 0.025 0.077
_ Blend B R 0.2 0.194 0.188 0.006 0.012
Light B 0.001 0.0008 0.0006 0.0002 0.0004
Y 0.1 0.073 0.017 0.027 0.083
Blend C R 0.2 0.17 0.17 0.03 0.03
B 0.001 0.0004 0.0003 0.0006 0.0007
Y 0.1 0.0549 0.0545 0.0451 0.0455
R 0.2 0.1677 0.1665 0.0323 0.0335
Blend D B 0.001 0.0007 0.0005 0.0003 0.0005
Y 0.3 0.087 0.054 0.213 0.246
Blend A R 0.88 0.130 0.284 0.75 0.596
B 0.002 0.0009 0.0004 0.0011 0.0016
Y 0.3 0.125 0.099 0.175 0.201
Blend B R 0.88 0.713 0.158 0.167 0.722
B 0.002 0.002 0.002
) Y 0.3 0.0553 0.052 0.2447 0.248
Medi | Blend C R 0.88 0.832 0.79 0.048 0.09
um B | 0.002 0.0018 0.0015 0.0002 0.0005
Y 0.3 0.213 0.190 0.087 0.11
R 0.88 0.705 0.639 0.175 0.241
Blend D B 0.002 0.0009 0.0005 0.0011 0.0015
Y 0.9 0.834 0.402 0.066 0.498
Blend A R 1.8 1.36 1.221 0.44 0.579
B 0.0024 0.0016 0.0014 0.0008 0.001
Y 0.9 0.45 0.24 0.45 0.66
Blend B R 1.8 1.37 1.27 0.43 0.53
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Dark B | 0.0024 0.0007 0.0015 0.0017 0.0009
Y 0.9 0.624 0.59 0.276 0.31
Blend C R 1.8 1.607 1.26 0.193 0.54

B | 0.0024 0.0020 0.0017 0.0004 0.0007

Y 0.9 0.785 0.6899 0.115 0.2101

Blend D R 1.8 1.5627 1.5199 0.2373 0.2801

B | 0.0024 0.0024 0.0024

Y= Ana: yellow 3RS, R= Ana: Red 3BS, B= Remzol blue RR

3.3. Effect of different blend and shade%o on wash fastness

Effect of different blend and shade% on wash fastness are shown in the table 5. In case of
light shade it was observed that, Blend A, Blend B, Blend C and Blend D all fabrics are good to
excellent washing fastness range 4 to 5. Considering the dark shade it was observed that, Blend C
and Blend D has good to excellent washing fastness range 4 to 5, Only Blend A and Blend B fabric
gives wash fastness range 3 to 4 and 2 to 3.

Table 5. Colour fastness to wash for different type of blended fabrics

Fabric Shade% Color staining Color
structure acetate | cotton | polyamide | polyester | acrylic | wool change
Blended A | Light 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Medium 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Dark 3/4 4/5 4/5 4/5 4/5 4/5 3/4
Blended B | Light 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Medium 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Dark 4/5 2/3 4/5 4/5 4/5 4/5 2/3
Blended C | Light 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Medium 4/5 4 4/5 4/5 4/5 4/5 4
Dark 4/5 4 4/5 4/5 4/5 4/5 4
Blended D | Light 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Medium 4/5 4/5 4/5 4/5 4/5 4/5 4/5
Dark 4/5 3/4 4/5 4/5 4/5 4/5 3/4

3.4. Effect of blends and shade%b on rubbing fastness

Table 6 and Fig. 2 described the effect of blends and shade% on rubbing fastness. It was
found common for the entire shade% and blends wet rubbing fastness rating is lower than dry
rubbing rating. Among the entire shade%, dark shade is very good to excellent for dry rubbing.
Besides this considering different blends, Blend D showed better rubbing fatsness for both dry and
wet condition in compare to other blends.

Table 6.Effect of blends and shade% on rubbing 500

fastness 450 -

Shad | Blend Blend Blend Blend ‘3‘22 |

e % A B C D 3.00
Dr | W Dr | W Dr | W Dr | W 250 - m Light
y |et |y |et |y |et |y |et 2.00 - = Medium

Light | 4/ |3 4/ [ 3/ |4/ |3 4/ | 3/ izg | Dark
5 5 |4 5 5 |4 050 1

Medi 4 2/ 4 3 4 3 4/ 3 0.00 1

um 3 5 Blend A Blend B Blend C Blend D

Parkc |4 12 g/ ? g/ gl ¢ j/ Fig. 2: Effect of blends and shade% on rubbing

fastnes
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4.CONCLUSION

This study was planned to compare the color strength between four types of blend fabrics as
well as to check the fastness properties among blend fabrics with different composition. In this
research work it was found that, with the increment of shade%, color fastness properties are affected
for different blend fabric structures. Again it was also observed with the increment of shade % of
cotton-viscose blend fabric a considerable change on color strength was found for different fabric
structures. It is also concluded that, Blend D (80/20 chief value cotton (CVC) s/j blended fabric) is
better than other three blend fabrics. Here Blend D fabric shows better depth of shade in reactive
dyeing for all shades and all blended fabric structures.
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Abstract: The aim of the project TEXMODA is to develop a massive open on-line course (MOOC) on Novel
Technologies for the textile, apparel and fashion industries. The target audiences are students and recent
graduates of higher education and post-secondary VET institutes that attend or have attended related study
fields (clothing and textile industry, fashion) and employees of SME’s working in textile and fashion industry.
At the level of learning content, the TEXMODA aims to develop a European competence profile on Novel
Technologies for textile and fashion industry and a training course based on this competence profile. The project
brings together five Universities, two business associations and a consulting company from five EU countries,
all of them with experience in different aspects of textile / clothing / fashion industry. The synthesis of the
partnership combines academic expertise and institutional capacity to mainstream results, incorporating the
new course into the Universities’ curricula and the flexibility and effectiveness of the private non-for profit and
profit sectors.

In this paper, a special attention will be focused in the module digital fashion design which provides a holistic
approach for those who wish to learn moore about all the steps involved in the development of a collection.

Key words: Erasmus+; Texmoda; MOOC; CAD, Digital Fashion Design;

1. INTRODUCTION

TEXMODA is a European funded initiative that develops a European competence profile on
Advanced Technologies for Textile and Fashion Industry, a training course (Curriculum and Learning
material) based on this competence profile and a train the trainer course.

The training is addressed to students and recent graduates of higher education and post-
secondary VET institutes that attend or have attended related study fields (clothing and textile
industry, fashion) and employees of SMEs working in textile and fashion industry.

Eight partners are cooperating in this project, each of them specialist in a different field: four
universities, one training and consulting center, one higher education school specialized in Fibre
Science and Technology, one Apparel and Textile association, and one Clothing Industry association.
This project involves the participation of 8 partners, as follows:

KTU - Kaunas University of Technology, from Lithuania;

UNIWA - University of Western Attica, from Greece

IDEC - a consulting company, from Greece

UBI - University of Beira Interior, from Portugal

UPV - University Polytechnic of Valencia, from Spain

ENSAIT - Ecole Nationale Superieure Arts Industries Textiles, from France —
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» LATIA - Lithuanian Apparel and Textile Industry Association, from Lithuania
» HCIA - Hellenic Clothing Industry Association, from Greece
The MOOQC is constituted by video-lessons that cover all cutting-edge textile themes as seen
in figure 1.

- ™~

//"/ \

l' LOGISTICS AND
| DISTRIBUTION |

'TEXMO DA
M.0.0.C.
MASSIVEODPEN
ON-LINE
COULSE
MODULES

Fig. 1: MOOC modules

A brief description of each module is presented in table 1.

Table 1 - Constitutive modules of the MOOC

MODULE DESCRIPTION
This module comprises a one-week course
New textile structures | lecturing innovative and high performance fibres

and technologies and yarns for the textile and fashion industry.
Woven and knitted structures are also tackled.
The nanomaterials module is constituted by a
one-week course addressing the importance of
Nanotechnology nowadays textile nanotechnology and their
applications in all of their possible dimensions.
Some case studies are also presented.
This two-weeks course starts with the basic
definition within this field and includes a
comprehensive review on all the major
components of an electrotextile system. Some
reliability and washability standards are also
tackled.
This two-weeks course encompasses a detailed
Digital fashion design | review on research and trend analysis for the
development of a collection. A mini-collection

Electronic textiles
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development is to be simulated through the aid
of CADs.

This module comprehends a one-week course
involving a thorough explanation of the major
Sustainability in design | concepts in  sustainability, environmental

and production management systems and their legal framework.
Some financial and social aspects are also
addressed.

This one-week course deals with the major
concepts revolving around the logistics, supply
chain, inventories and all the legal and
regulatory aspects related to them. An in-depth
analysis of the global nature of the logistic and
innovative  approaches in logistics and
distribution is also provided.

Logistics and
distribution

2. DIGITAL FASHION DESIGN MODULE

This module provides a holistic approach of all the steps involved in the development of a
collection. It is particularly focused on the support provided by the utmost advanced tools and
technologies available for designer’s in their respective working fields.

For this purpose, a two weeks course was designed, and six video lessons prepared. Each one
of them is comprised by three units oriented for a specific goal and, in the overall, covering all the
main issues of the textile design process.

As a mere example, a more detailed decription of the module digital fashion design is given in table
2.

Table 2: Syllabus of the module digital fashion design
UNIT LESSON SYLLABUS
This section entails the explanation of concepts
such as design, design process and design
methodology. Role and responsibilities of a
fashion designer?. Collections and their influences.
Theme and directions for collections: primary and
secondary sources. Definition and interpretation of
a capsule collection. Examples of contemporary
designers.
Creative development: Concepts and themes.
Lifestyle and definition of the Ideal customer.
Trends and trends forecasting. Materials, colours,
shapes and textures research. Design development:
fashion drawing and illustration. Presentation
boards: mood board, concept board, colour board,
flats board and illustration board. Manufacturing
and Technical specifications. Details, trims and
fashion accessories.

Fashion design

Research and
trend analysis
in fashion
design

Collection
development
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Market
analysis

This video revolves around the operation of the
fashion industry: fashion business and fashion
globalization. Development mass-marketed
collections:  fast fashion and ready-to-wear.
Luxury brands. Atelier and haute couture.
Consumer profiling and customer identification.
Costs: benchmarking and competitor’s analysis.
Brief notions of fashion marketing. Label and
private label

Development of
a capsule
collection

Creative
process-ideas

The development of a fashion collection involves
more than creativity. Designers also need to stay on
top of trends focusing on improving and expending
the communication of new product ideas’ - that
means building mood boards with images, fonts,
colors, textures and all types of visual data to
showcase the style of the project and the feeling
that the designer is aiming for.

Colors,
Materials and
Textures

Selection of colors, materials and textures is the
most important step in developing cohesive
collections?. The final objective is to translate ideas
into colors, fabrics and textures within the
researched trends. The consumer’s satisfaction
and, ultimately, a desire to buy are also key-issues
to be considered.

Shapes and
proportions

It’s time for ideas to shape up. Here the fashion
designer represents in paper and with digital
fashion illustration a more correct approximation
of final product,

Development
and simulation
of a mini-
collection of
fabrics

Fashion
Design
education and
training

This section provides an overview of digital tools
for textile and apparel product development.
Marketed CAD solutions. Use of CAD systems in
teaching environments. Description of different
approaches to teaching computer-aided design to
fashion and textile students. Pros and cons of each
methodology. Assessment of the efficacy of
teaching and learning with CAD.

Context for
weaved fabric
design

Generic description of weaved fabric systems. Key
factors in the use of CAD for woven textile design.
Influence of the defining parameters: raw-
materials, yarns and colors. Basic textile weave
designs. The design process for textiles: Aesthetic
and engineering design. Product development with
CAD.

Practical
design
applications

Based upon the developed capsule collection a few
practical design applications with Kaledo Weave
will be demonstrated.
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Development
and simulation

Fashion
Design
education and
training

This section goes on the key issues affecting the
design and the designer when developing a knit
collection. Computer technology from a designer
perspective. Technological influences on the
creative process of knitwear design. Sustainable
knitwear.

A Dbrief history of knitted textiles. Generic
description of knitted fabric systems. Relevance of

of a mini- raw-materials, yarns and colors in the knitting
. Context for . o
collection of . - design process. Knitting fundamentals and some
. knitted fabric S .
knits desian basic stitches and structures. Comparative study
g between fabrics and knits. Potential of CAD
systems in the knitwear design. The state of CAD
systems technology for knitwear?.
Practical Based upon the developed capsule collection a few
design practical design applications with Kaledo knit will
applications | be demonstrated.
Fashion Main computer technologies in textile design: the
Design computer as a designing, editing and presentation
education and | tool. Role of computer technology in the printing
training design.
Context for Generic description of p_rlnted fabric systems.
. - Importance of raw-materials, yarns, colors and
knitted fabric - . L .
Development design motifs in  the printing _de5|gn _ process.
i . Fundamentals of analog and digital printing.
and simulation - - -
of a mini- This section expand_s_on patterning development
. for analog and/or digital printing®. Processes of
collection of
- color research and shapes based upon the theme
prints ;
Practical and concept of the collgctlon, as well as thg colors
desian suggested by trend-setting platforms. Creation of a
a Iica%ions first draft of printing concepts for the capsule
PP collection. Selection of the final idea and
development of practical examples resorting to
Kaledo Print. Testing and digital printing of the
selected examples.
Fashion Definition of portfolio. Portfolio production
communication Portfoli techniques. The importance of a portfolio in the
ortfolio designer’s career. Presenting and diffusing the
designer’s work®.
Fashion communication on the Internet. Fashion
. websites and fashion dissemination through social
Fashion . . . . X
. networks. Fashion videos production. Live fashion
promotion

shows. Fashion communication in the media:
editorials and advertising.

Fashion show

Production of look books. Styling and styling
shoot. Catwalk presentations. Fashion
communication issues: models, music, hair, make-
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up, show producer, ticketing and promotion.
Budget and scale in fashion promotion.

3.CONCLUSIONS

The development of this MOOC has started with a multicentric inquire within both academic
and industrial world. This inquire was carried out by the participants institutions and permitted the
identification and targeting of the main concerns regarding innovative teaching and learning
methodologies and, particularly, crucial areas of knowledge to be addressed.

The overall analysis of the conducted survey has shown that lifelong learning is of paramount
importance for all the survey respondents. The most cited fields of knowledge by the industry
respondents were protective textiles, sport and active leisure clothing, and fashionable smart clothing
whereas academician put the focus on transport textules, and aerospace textiles and in sport and active
leisure clothing.

Therefore, the implementation and use of open courses, oriented for the specific needs of the
targeted audience, are powerful tools that can enhance the qualification of the personnel and contribute
to improve the productivity and quality within their jobs.
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Abstract: The textile industry is developed with the proliferation of technological developments and the
functionalization of products about conductive textile structures day by day. Many applications could be seen
including metal yarns and knitted or woven fabrics containing metal wire. This paper reported analyze that
fabrication method, physical, electrical and electromagnetic shielding (EMSE) properties for knitted fabrics
with single and double folded yarn, which has stainless steel wire. Polyester /Stainless steel wire (80/20) yarns
were used in single (Nm 50/1) and double (Nm 50/2) folded structure. These yarns were produced as single
jersey knitted fabric in sock machine. The fabric structures were formed by using conductive yarns containing
metal wires as upper yarn, 70/20 denier lycra white yarn as lower yarn. The physical properties including
tensile, twist, and evenness of metal yarns were analyzed. The properties such as pilling, abrasion,
conductivity, EMSE of single jersey knitted fabrics were measured. Knitted fabric with double folded yarns
was better pilling, abrasion, EMSE, surface, and volume resistivity values compared to fabric containing
single folded yarns. The density of metal yarn in knitted fabrics was directly effective on the pilling, abrasion,
conductivity and EMSE results. Knitted fabric with double folded yarns was appropriate to structure for using
in EMSE applications and electronic textiles.

Key words: Metal Yarn, Stainless Steel Wire, Conductivity, Electromagnetic Shielding Effectiveness

1. INTRODUCTION

In recent years, conductive textile structures have been shown in a lot of applications such as
industry, military, space, medicine, protection, communication, or automation. Some researchers, in
previous studies, [1-6] manufactured and analyzed metal yarns and knitted or woven fabrics
containing metal wire because of using in conductivity or electromagnetic shielding effectiveness
(EMSE) areas. These studies show that yarns and knitted containing metal wire for using in
conductive textiles have a great potential to develop in both scientific and industrial research areas.

The first primary objective of this research was produced knitted fabric composed of yarn
containing stainless steel wire. The second objective of the research was analyzed some properties of
metal yarns and physical, conductivity and EMSE properties for knitted fabrics with single and
double folded yarn. A1 (Nm50/2), which is double folded yarn, and B1 (Nm 50/1), which is single
folded yarn, were used as upper yarn and 70/20 denier lycra white yarn as lower yarn. The data
obtained from the measurements are evaluated with the fabric structures and their relations with each
other. The results were expected to guide for applying optimum metal fabric properties for using
conductive textiles.
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2. MATERIAL AND METHOD

2.1. Manufacturing of Knitted Fabrics

In the experimental part, polyester conductive yarns containing Nm50/2 (A) and Nm 50/1
(B) stainless steel wire were used in fabric production. The numbers and electrical conductivity
values of the conductive composite yarns are given in Table 1. For the production of single jersey
knitted fabrics, the fabric surface was formed by using conductive yarns containing metal wires as
upper yarn, 70/20 denier lycra white yarn as lower yarn. The fabric surfaces were produced by 168
needle-punched, LT610 classic sock machine of Weihuan brand. Two types of fabric were produced
by changing the frequency settings of the machine (Table 2).

Table 1. Properties of Conductive Yarns

Yarn Count
Composition of Electrical
Yarns Nm Dtex Conductivity*
Stainless 50/1 200 40Q/cm (£20%)
Steel/Polyester
Stainless 50/2 400 20Q/cm (£20%)
Steel/Polyester

*Measured distance between electrodes =5 cm

Table 2. Properties of Single Jersey Knitted Fabrics
Fabric Code | Yarn Number | Weft Density Knitted
(Nm) (threads/cm) Gauge * ()
Al 50/2 17 0
Bl 50/1 17 0,5

* Angle between platinum and needle

2.2. Measurements of Metal Yarns

The Tensile Strength of metal yarns was measured with Instron 4411 Tensile Strength
Tester, Table Model (Metric) TM-M. The distance between the jaws was 10cm/min. Tenacity at
Maximum load (cN/tex) is tensile strength of the yarn during breaking with the yarn pulling of the
lower jaw. Elongation (%) is ratio of the first length of the yarn amount of elongation until the yarn
breaking. Measurement of these values gives information about yarn strength.

The physical movement that allows the fiber to be joined is called a twist. The twisting
tightens the fibers and provides a more adhering surface, preventing them from slipping over each
other and providing yarn production. The number of yarn twists was measured by JAMES H. Heal&
Co Twist tester according to TS 245 standard.

For subjective eveness method, the yarns were wrapped in a smooth and parallel manner on
a black sheet. Standard photos were taken under appropriate light to obtain information about the
yarn. Errors on thread periodic fluctuations and deformations were evaluated to the grade scale (A is
better & D is worst) by ASTM Spun Yarn Appearance Standards.

2.3. Measurements of Knitted Fabrics

Abrasion (ASTM 4966) and pilling resistance (ASTM D4970) measurements of fabrics
were evaluated with a Nu- Martindale Pilling and Abrasion Tester. Pilling resistance grades were
interpreted according to EMPA Standard, SN 198525, K1 (1 is being poor & 5 is being excellent).

Conductivity measurements were performed on the knitted fabrics by using Keithley 6517A
Electrometer High Resistance Meter instrument according to standard ASTM D257. Surface
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resistivity (ps, ohm), Volume resistivity (pv, ohm.cm) and Conductivity (o, 1/ohm.cm) can be
expressed as the following equations: [7]

P = R(0)) x RCF x t(cm) 1)
ps = R(Q) x RCF )
o =1/p, C)

RCF (resistivity correction factor of the fabrics) is 53, 4 V and t (cm) is expressed that fabric
thickness.

EMSE values are evaluated by general using such as casual wear, uniforms, and consumer
electronic products in Table 2 [8]. EMSE (decibel, dB) of fabrics was measured by Electro-Metrics,
Inc., model EM-2107A with ASTM D 4935-10 coaxial transmission line standard method ZVL
Network Analyzer instrument between 0 and 3000 MHz.

Table 2: Shielding Effectiveness (SE) Values of General Use

Grading Excellent | Very Good Good Moderate Fair
Range SE>30dB | 30dB=SE | 20dB=SE | 10dB=SE 7 dB=SE
>20dB >10dB >7dB >5dB

The surface a views of metal yarns and knitted fabrics were obtained by using stereo
microscopy. Metal yarns were viewed with 40 x magnification and knitted fabrics were as viewed
front and back surface.

3. RESULTS AND DISCUSION

3.1. Metal Yarn Results
Metal yarn structures were viewed by stereo microscopy (see in Figure 1).The
stainless steel wire was wrapped and seen clearly into the yarns.

Al

Metal Wire

B1

Metal Wire

4

Iiig. 1: Image of Al and B1 yarns

Table 3. Tensile Properties of Metal Yarns

Yarn Maximum | Elongation | Tenacity | Extension
Codes | Load (cN) (%) at at
Maximum | Maximum
Load Load
(cN/tex) (mm)
Al 1142,90 12,81 29,11 32,01
B1 503,30 12,28 25,57 30,69

27



ANNALS OF THE UNIVERSITY OF ORADEA
FASCICLE OF TEXTILES, LEATHERWORK

Tensile test results show that (in Table 3), in both yarn types, increasing yarn count or
thinning of yarn was affected by decreasing strength and elongation (tensile strain at maximum
load). The number of fiber and the amount of metal wire in yarn cross-section decreased with yarn
thinning. In this case, fiber/ fiber and fiber / metal wire frictions, which directly affect strength and
elongation, were reduced.

Table 4. Twist and Evenness Properties of Yarns

Yarn Yarn Twist Evenness (grade
Codes Amount (T/m) scale)

Al Z754,36 B

B1 S293,8 B

Increasing of the twist coefficient had increased tensile strength and elongation values
because fibers and metal wires were better wrapped on each other. Increasing the twist is expected
the result to increase the strength and elongation values.

Periodic fluctuations and deformations on the black plate were not numerous and neps in
several places. According to this result, it was concluded that there is irregularity at the B level. B is
stated in small quantities evenness for grade scale.

4.2. Knitted Fabric Results

Surface morphology of knitted fabrics were viewed by stereo microscopy (see in Figure 2).
The Al fabric, which is thicker with double folded yarn, was seen more frequent structure in fabric
surface.

/i 3 ﬂ; o
J? ",'.
'«.ﬁ'l s . «’ “: ' , */(‘: “’.'.

Table 5. Pilling Grades of Knitted Fabrics
Fabric Codes Grades*
Al 1
Bl 2

* According to EMPA Standard SN 198525, K1

Pilling is due to the effect of friction forces on the fabric surface of the fiber ends
and thus disrupts the fabric image. Almost every stage of textile production has an effect on
pilling. The properties of the fiber used as raw materials, yarn properties, fabric properties
and finally applied finishing processes are effective on pilling [9]. According to Table 5, Al
fabric, which is knitted with double folded yarn, has higher pilling resistance compared to
B1 because of high cohesion force of fabric.
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Table 6. Abrasion Resistance Results of Knitted Fabrics

Fabric Codes Speed*
Al 175216
B1 195216

*Number of Revolutions at the time of Breaking

The number of revolutions at the time of breaking of a loop in fabrics was measured. Yarns
with high twist level is abraded less than yarns with low twist level [10]. Since the Al yarn has a
higher twist, it has been observed that the abrasion on the fabric surface is less than the B1 fabric
(see in Table 6).

Table 7. Conductivity Results of Fabrics

Fabric | Thickness Surface Volume Conductivity
Codes (cm) resistivity resistivity (o,
(ps, ohm) (pv, 1/ohm.cm)
ohm.cm)
Al 0,124 5,19582E+05 | 6,44281E+03 | 1,5521E-04
B1 0,119 2,2161E+04 | 2,63715E+03 | 0,3792E-03

Electric resistivity (p) is a measurement of the difficulty of wire against electric current. The
low resistance indicates that the movement of the electric current is easily permissible [11]. Electric
current flow is inversely correlated with the electrical volume resistivity and surface resistivity.
Table 7 shows that B1 had higher conductivity results and lower surface and volume resistivity. Use
of double folded yarn in the fabric increased surface and volume resistivity.

20,00
< 15,00
z
w 10,00 Al
(%]
Es,oo B1
0,00
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Frequency (MHz)

Fig.3: EM Shielding Effectiveness of Fabrics

The figure 3 showed that the best shielding and EMSE measurement results in fabrics the
frequency ranges of 330-435MHz in Al and 495-660MHz in B1. All of the fabrics had moderate
grades for shielding effectiveness (dB) and the percentage of electromagnetic shielding (%).

EMSE values will increase by increasing the amount of stainless steel in the unit area per
fabric [12]. The fabric, which was thinner with single folded yarn, displayed lower EMSE values as
compared to double folded yarn. It was thought that this situation is due to the high density of wire
in the double layer fabric.
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5. CONCLUSION

In this study, polyester/stainless steel wire-based knitted fabrics with single and double
folded yarns were successfully manufactured. It was seen to effects on pilling, abrasion, conductivity
and EMSE of the fabric structure. Knitted fabric with double folded yarn (A1) has better pilling and
abrasion resistance to B1 because of high cohesion force of fabric and high twist in A1 metal yarn.
B1 fabric has a lower surface and volume resistivity because of low resistance electric current. Al
fabric displays better EMSE values because of the high density of wire structure. Amount of metal
yarn in knitted fabrics was effective on the pilling, abrasion, conductivity and EMSE results.
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Abstract: In this experimental study, it is investigated, comparatively, the effect on abrasion resistance of the
presence of different type of yarns in the structure of knitted fabrics, used for mattress covers. The most
significant problem is abrasion wear, which reduce the product 's life and quantify the fabric’s durability
under repetitive friction.

Complex knits, with various fibrous compositions, and different masses, were subjected to rubbing wear, tested
on the NU-Martindale device, then the samples were microscopically evaluated. The results demonstrated the
influence of raw material and the number of friction cycles until the material fails. The polyester and viscose
textile support showed the highest friction wear resistance. There were presented: the samples subjected to
tests, the decrease of the abrasion resistance after the friction tests, the microscopic aspects and the mass loss
of the degraded samples.

Future studies will also investigate other physico-mechanical characteristics of these types of products with
the most demanding requirements that offer high durability and performance.

Key words: knitwear, abrasion resistance, yarns, Martindale test, mass loss

1. INTRODUCTION

Materials used as mattress coverings must either be compatible in structure and
composition, but also provide performance features that maintain a long-lasting, pleasant, and easy-
to-use look. The ability of the mattress packaging is just as important as its performance and
essential in improving the quality of sleep. From previous author studies, these double knits can
better meet the comfort and aesthetics of these relatively little studied flexible textiles. Abrasion
wear is the modification of the surface and structure of a fabric abrasion by shifting the position of
the yarns in the abrasion process. This property can be influenced/affect by many factors/parameters
such as fiber composition, fiber fineness and fiber length, stitch length, yarn type, yarn count, knit
structure etc., of a knittwear fabric [1].

From the literature, making a parallel to terry towels and mattress coverings made
industrially by the same knitting technology, it was found that fibrous composition and fiber type
significantly influences abrasion resistance. Thus, it was found that bamboo yarn was higher
resistant than that of cotton yarn towels with many cycles of abrasion [2].

In the literature, the fiber composition, the type of fibers significantly influences the
resistances. Thus, simple single jersey structures were investigated, and it results that fabrics made
of 100% cotton yarn had better pilling performance than mixed yarns, but the abrasion resistance
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was the smallest. Polyester is generally considered to have the best abrasion resistance, but it is also
demonstrated that polyester-cotton combinations appear to present the best abrasion resistance [3].

Other research has shown the effect of using carded and combed yarns on friction wear of
circular knits, concluding that there are small minor differences in the abrasion test and more to the
pilling [4].

Detailed studies were also carried out with compact yarns and conventional yarns in
knitted fabrics [5], with different raw materials, especially bamboo and cotton in raschel fabrics and
knits [6].

Resistance to abrasion and pilling is therefore a major concern for both, customers and
manufacturers for whom the diversification of low-volume household textiles remains a topical
issue. We appreciate the importance of industrial technologies in textile firms where the realization
of the quality of these materials is an important factor [7].

Many studies have investigated the effect of pilling and abrasion on various types of
knitwear, but for composite knitted fabrics used as double-sided coverings and filling structures
there are almost nonexistent. As a result, the authors have proposed to analyze these types of
successfully used knitwear for mattress coverings.

2. EXPERIMENTAL PART
In this experimental study, the abrasion resistance properties of knits, were investigated
according to the type of raw material. Four types of knitted samples, with different compositions,

shown in Table 1, were investigated.

Tablel: Characteristics of tested knitted fabrics

Knitted Type of yarn Linear Content of the yarn in Mass per unit
fabric density the knitted fabric area
code (tex) (%) (g/m?)
Cotton 24 36,05
F1 PES 16,6 29,3 260
PES-filler yarn 133,3 34,65
70%viscose+30%wool 20 44
F2 PES 16,6 16,1 320
PES-filler yarn 133,3 39,9
50%PES+50%viscose 20 50,43
F3 PES 16,6 29,51 254
PES-filler yarn 133,3 20,06
70%bamboo+30%viscose 20 68,17
F4 PES 16,6 15,63 260
PES-filler yarn 133,3 16,2

The knits were tested with the Nu-Martindale Model 864 equipment for friction wear
resistance. The wear resistance of the samples was evaluated after 5 different friction cycles: 1.000,
3000,5000,12000,15000.

Abrasion resistance of mattress coverings by the Martindale method was achieved in
accordance with: SR EN ISO 12947-1: 2008, Textiles-Determination of the abrasion resistance of
fabrics by the Martindale method Part 1: Martindale abrasion testing.

The evaluation of abrasion resistance of knits is determined by controlling the deterioration
of specimens, microscopic aspect, and mass loss. The mass loss through abrasion is checked at the
digital analytical balance and is related to the initial weight of the samples.
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3. RESULTS AND DISCUSSION

The partial results obtained from the test, gradual degradation of samples and the intervals at
which the samples were evaluated, are shown in Table 2.

Table2: Partial results, degradation of samples and evaluation interval

Knitted
fabric 1000 3000 5000 12000 15000

Nymber
cycles

F1

F2

F3

F4

Table 3 shows the results after the final number of rubbing cycles, for each test sample.
Samples appearance is highlighted by comparing samples before and after testing. For more
pictures the Optika digital camera microscope was used, capturing pictures directly on the computer.
In the captured images we can see the breaking of the yarns in the most used areas.
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Table3: The microscopic appearance of the knitwear samples following the influence of the number of abrasion

cycles
Knitted The number of Sample before the test Sample after the test
sample cycles after the
specimen
deteriorates
F1 14166
F2 18483
F3 22300
F4 16233
25000
@ 20000
s
o 15000
o
2 10000
E
=]
Z 5000
0

F1 F2 F3 F4

Knitted sample

Fig.1: Influence of the number of cycles on the deterioration of the knitted samples

After analyzing the graphical representation in Fig. 1, we can observe:

» the highest resistance to abrasion stress is shown by the sample F3 and the lowest value for
abrasion resistance is shown by the sample F1, the sample F3 shows a higher abrasion
resistance of 57.41% compared to the least resistance sample, the sample F1;

» F2 sample has an abrasion resistance higher than sample F1 by 30.47%;

* F4 sample shows an improvement in resistance to sample F1, the value being 14.63%
higher.
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The mass loss of the material subjected to friction wear test demonstrates the high
abrasion resistance of the polyester support and viscose due to the advanced mechanical resistance
of the synthetic fibers, but also to the high-tenacity viscosity-resistant viscose fibers. On the other
hand, according to the literature [2,3], cotton + polyester knit and wool + viscose, have lower
strength and corresponding mass losses, being relatively higher than other samples subjected to
testing. The bamboo + viscose composition is found approximately at the middle of the resistance
drops and the table drop corresponds to that reported in literature for other types of knits [2],
graphically represented in Fig. 2. The materials for mattress coverings tested (F1-F4 samples),
abrasion quality was found to become poor with increasing number of cycles. Between the initial
weight and the final weight after the damage to the maximum number of cycles, the percentage mass
losses were graphically represented, resulting higher losses on the sample containing cotton and the
wool content, which is consistent with other previous studies [2 ,3]. In Table 4 are presented the
values for mass loss of the knitted samples.

Table4: Mass loss of knitted samples

Knitted sample Mass loss Number of friction
(%) cycles
F1 2.03 14166
F2 1.76 18483
F3 1.23 22300
F4 1.89 16233
2.5
2 -
S
o 1.5 -
[
o
g 1
[0}
=
0.5 1
0 4

F1 F2 F3 F4

Knitted sample
Fig.2: Graphical representation of mass loss of abraded knitted supports

4. CONCLUSIONS

The values obtained for the friction cycles up to the degradation of the complex knitted
fabrics are different, being mainly influenced by the raw material used to obtain the mattress fabrics.
We have carried out an investigation that can be useful to the house textile industry engineerins to
correctly claim the right types of high-quality material.

The materials used for the investigations are promising for the duration of use, the best
resistance being conferred by the blend of polyester with viscose, then the viscose with bamboo.
Future studies will expand the incorporation of other fibrous supports into products for knitted
mattresses and resonance investigations in the correct and suitable technological choice.
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Abstract: Electrospinning was patented by Formhals in 1934. Prior to the year 2000 electrospinning was the
domain of only a few specialists; This situation has changed dramatically in recent years. Many research groups
in research and industry work currently on electrospinning topic, the number of conferences or sessions at
conferences devoted to electrospinning is continuously increasing. Electrospinning is a fabrication technique,
which can be used to create nanofibrous nonwovens from a variety of starting materials. The structure, chemical
and mechanical stability, functionality, and other properties of the mats can be modified to match end
applications. On the other hand cellulosic polymers have gathered great interest in recent years in the field of
nanoproducts useful for high-value applications. The electrospun cellulosic composite fibers with reliable
thermal properties are suitable and promising in serving as thermo-regulating materials in many fields. Based
on this information, in this study we applied cellulose acetate by electrospinning into a raw cotton fabric in
order to examine electrospinning effect in thermal properties. In order to analize thermal behaviour samples
were tested with a thermochromic camera. It was found that coating woven cotton fabric by electrospinning with
cellulose acetate, reduced the rates of cooling and heating.

Key words: Electrospinning, Thermocamera, Cotton fabric, Woven fabric, Cellulose acetate.

1. INTRODUCTION

Filter applications, functionalization of textiles, fiber reinforcement, catalysis, drug delivery,
wound healing or tissue engineering are just a few examples of potential applications of
nanotechnology on textile field. The route towards such nano-objects is based primarily on
electrospinning [1]. Electrospinning is a process that creates nanofibers through an electrically charged
jet of polymer solution or polymer melt [2]. Electrospinning was patented by Formhals in 1934,
wherein an experimental setup was outlined for the production of polymeric filaments using
electrostatic force [2]. Prior to the year 2000 electrospinning was the domain of a few specialists, the
average number of papers published per year on this topic was well below 20. This situation has
changed dramatically in recent years. In 2009 for instance, significantly more than 1500 papers were
published on electrospinning, it is estimated that more than 200 research groups in academia and
industry work currently on this topic, and the number of conferences or sessions at conferences
devoted to electrospinning is continuously increasing [1, 3]. Electrospinning is applied predominantly
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to polymer-based materials including natural and synthetic polymers, but it has been extended
towards the production also of metal, ceramic and glass nanofibers exploiting precursor routes [1]. In
this study we appliers cellulose based electrofibers into a cotton woven fabric.

Cellulosic polymers have gathered great interest in recent years in the field of nanoproducts
useful for high-value applications. The biodegradability, biocompatibility, and versatility of these
natural polymers are the reasons for those approaches regarding the possibilities to transform them in
nanostructured materials with large applications especially in biomedicine, for tissue engineering
scaffolds, wound dressing, controlled release, and technology purposes such as filtration, catalysis,
sensors, affinity membranes [4]. Cellulose derivatives like cellulose acetate, ethyl cellulose,
carboxymethyl cellulose sodium salt, hydroxypropyl methylcellulose, and methylcellulose and also
underivatized cellulose have been electrospun from their solutions in adequate solvents and their
possible applications especially in biomedicine and technology are reported [5]. Cellulose acetate
phthalate is a mixed ester of cellulose commonly used as a pharmaceutical excipient for enteric coating
of tablets and capsules [6]. Ultrafine cellulosic (glycol/cellulose) composite fibers show high latent
heat of fusion and crystallization; this shows a maximum in the efficiency of enthalpy and indicates
that the fibers have good thermal stability and reliability.

Based on this information, we applied cellulose acetate into cotton fabric by electrospinning
and investigated the effect on the thermal properties

2. EXPERIMENTAL

In order to coating with electrospinning we prepared a solution with %15 cellulose acetate
into 85% acetone. We put cellulose acetate solution into a syringe which needles diameter is 1,5
micrometers. Through a micropump which feeds with 20 Kw power unit from 10 cm distance we
coated electrofibers onto a raw twill cotton fabric with 210 g/m? at 1,5 mL/hr.

An experimental setup established to measure temperature changes in electrospinning coated
fabric and uncoated one. To study the influence of the characteristics of each sample on the thermal
conductivity, samples were tested with a thermochromic camera. The tests were performed taking
meassuarements each 15 seconds for 120 seconds of heating cycle and 120 seconds of cooling cycle.
The distance between the heater (by radiation) and the fabric is 30 cm. The test starts with the fabric
at room temperature 21° C. After 120 seconds, the heater is taken away.

3. RESULTS

Table 1 shows temperatures which have been measured by thermocamera comparing the
results of the coated by electrospinning and non coated cotton fabric. It is shown different temperatures
analyzed each 15 seconds during 2 minutes of heating and cooling process.

Table. 1: Temperatures of coated and non-coated fabric
Heating (°C)
15s 30s 45s 60 s 75s 90s 105s 120 s

36,5 36,8 37,7 37,9 37,9 37,0 37,6 38,1

Without
electrospinning
Coated with
electrosppining

30,1 32,1 33,1 35,0 35,4 36,0 36,7 37,4

Cooling (°C)
155 30s | 45s | 60s | 75s | 90s | 105s | 120s
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Without 204 | 272 | 268 | 261 | 261 | 257 | 254 | 257
electrospinning

Coated with 287 | 271 | 267 | 264 | 263 | 262 | 258 | 256
electrosppining

In order to see more clearly the different thermal behaviour of treated and untreated sample,
results are shown in a different graphics, where it is appreciate the behaviour of the fabric during
heating and cooling processes, Fig. 1 and 2 respectively.
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Fig. 1: Thermal behavior of each sample during heating

At the beginning of heating the temperature in fabric without electrospinning starts heating at
36,5°-C and increase with a high acceleration till 38.1°C after 2 minutes being heated. On the other
hand the temperature in the fabric coated with electrospinning starts heating at 30,1°C and increase till
37.4 °C, comparing with the other fabric temperature increased with less acceleration.
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Fig. 2: Thermal behavior of each sample during cooling
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After we remove the heater, we saw that both fabrics started cooling at same temperature. The
differences between temperatures measured in both fabrics are not very significative in cooling
process.

4. CONCLUSIONS

Our experimental results shown that when we apply cellulosed acetate by electrospinning
coating into 100% woven cotton fabric, during heating it the temperature on fabric increase in a slover
acceleration. Moreover, in cooling process, the temperature on fabric decreases a bit slowly..
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Abstract: Impact of economic development - ecological balance rises numerous and complex problems for the
textile industry. It is known that all textile processes need important quantities of water and chemicals. This
situation generates large amounts of wastewater which cannot be further use without additional treatments
because of the environmental problems. The issue of environmental protection has become an essential part of
the textile industry development strategy. Many studies in the field present alternatives for the conventional
scouring to reduse water pollution. The applied ecological strategy is focused on process optimization and
pollution prevention.

The paper presents a comparison of the physico-chemical parameters of the wastewater resulted from the
various scouring treatments applied on a cotton/hemp fabric. Three types of scouring treatments have been
carried out: two with enzymes for which a commercial enzyme product, a washing agent and EDTA or sodium
citrate as complexing agents were used, and one classical scouring treatment with sodium hydroxide. The
main physico-chemical parameters of the residual water analyzed were: pH, salinity, turbidity, TDS (total
dissolved solids), conductivity, chemical oxygen demand (CCOMnN), total dissolved oxygen and dry residue.
From the two enzymatic treatments, the values of physico-chemical parameters of the residual water were in
accordance with the legislation in case were the sodium citrate was used. For the alkaline treatment, the data
were even with 100 % higher compared to enzymatic treatments. For some parameters, higher values were
registered also for the enzymatic scouring where EDTA was used as a complexing agent.

Key words: wastewater, physico-chemical analysis, pretreatment, ultrasound, commercial enzyme product.

1. INTRODUCTION

Cotton fibres are characterised by a trilamellar structure. It is considered that the second
layer has in its composition de-esterified pectins. Those may be a result or contribute to the fibre
cells elongation [1]. Both cotton and hemp fibres are characterised by a certain amount of native
pectin. For further utilisation in the textile industry it is mandatory to remove all noncellulosic
components, along with other impurities: lignin, waxes, natural pigments, or organic acids.
Independent of the classical method chosen (acid, alkaline or peroxide scouring) the main objectives
of the treatment are to be non harmful for cellulose fibre and remain with less impurities residues. In
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case of the hemp fibres it was shown that a scouring treatment which includes sodium hydroxide and
sodium sulphite is recommended for the removing of both lignin and pectin and also to reduce the
treatment time [2].

Using a conventional pretreatment on cotton/hemp fabric with high temperatures (80-90 °C)
and aggressive alkaline (pH > 10) will have a major negative impact on the ecosystems. In this
situation the wastewaters resulted have to be subject to additional purge steps to accomplish the
environmental requirements [3].

Impact of economic development - ecological balance rises numerous and complex
problems for the textile industry. Textile ecological technologies occupy an important place in the
research projects developed at national and international levels. The issue of environmental
protection has become an essential part of the textile industry development strategy. Many studies in
the field present alternatives for the conventional scouring. The applied ecological strategy is
focused on process optimization and pollution prevention. The suggested treatments imply the
utilization of enzymatic products which are not harmful, are suitable for the process, economically
advantageous by decreasing the quantity of energy, water and chemicals used, and eco friendly [4].
Other advantages of using an enzymatic treatment are the lower fibres damage degree and the
utilisation of biodegradable chemicals. Replacement of the classical scouring treatment with the
enzymatic one reduces the pollution factors and also streamlines the technological process from an
economic point of view. Another aspect which should be taken into account is the lower gquantity of
effluents resulted after bioscourig treatment [5,6].

It is known that all textile process needs important quantities of water and chemicals. This
situation generates large quantities of wastewater which cannot be further use without additional
treatments due to the fact that they will probably cause environmental problems. The specific
regulations demand a serious of precise determinations for: COD, pH, turbidity, salinity, TDS, and
others. Good results have been reported in case of using different physical methods for wastewater
treatment. In case of the ultrafiltration-electrodialysis system the values of the determined
parameters were lower than the detection limit. This suggests that the treated water could be
reintegrated in the technological process [7].

Independently of the method used for the wastewater treatment (coagulation-flocculation,
oxidation, photocatalytic, chlorination, adsorption, electrocoagulation-ozone) all present different
inconvenient and requires additional costs. This suggests a different approach of the problem. A
development of modern techniques and technologies for reducing the amount of pollutants in the
resulting effluents are needed. A possibility is the development of an ecological process for the
pretreatment of the fabrics by using enzymes and biodegradable reagents. The main advantages of
using enzymes are associated with less severe reaction conditions, lower processing temperatures,
reduced treatment time, non-toxic and biodegradable products. Also, the water consumption is lower
compared with the classical treatment and the wastewater parameters are in the limits specified by
the legislation. For example, in case of a bioscouring cotton knits the pH and CCOMn values
registered for the waters resulted from the process could be with approximately 50 % lower
compared with the alkaline treatment, and the TDS is 10 % of the one registered for the classical
treatment [8]. The lack of supplementary treatment applied to the waters resulted from the
technology imply the process costs reduction. It is believed that up to one fifth of the water pollution
could be determined by different specific textile processes [9].

The bioscouring treatment applied in our case tends to reduce the aggressive conditions
compared to the conventional one. The working temperature had lower value (55 °C) and the pH was
close to 7. As presented in the literature, also in our study the pectinolytic treatment used show
similar efficiency as the classical one regarding the specific parameters of the fabrics (wettability,
tensile strength, elongation at break, etc.).
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2. EXPERIMANTAL PART

2.1 Materials and experimental procedure

The wastewater analysed was resulted after the bioscouring and alkaline treatment on
cotton/nemp materials with the following characteristics: width (120 + 3 c¢cm), weight (220 + 10
g/m?), warp density (10 yarns/cm), weft density B (10 yarns/cm), 100 % of cotton yarn, Nm 14 for
warp direction and 100 % of hemp yarn, Nm 14 for weft direction.

The specific reagents have analytical purity and were purchase from: CHT Bezema
Company (Beisol PRO-pectinolytic product, Denimcol Wash RGN- surfactant), Sigma-Aldrich
(sodium hydroxide, sodium citrate, sodium carbonate, sodium silicate, sodium bisulfite), and Rotta
Company (Sulfolen 148: S-148 alkyl polyglicol ether).

During the bioscouring treatment of the cotton/hemp material were used two different
complexing agents EDTA or sodium citrate and the same enzymatic product (Beisol PRO-mixture
of pectinase) in similar concentration and treatment time after an experimental program (see Table 1
and Table 2). The considered liquid to fabric ratio was 20:1, and the temperature 55 °C. The basic
pH in case of the classical method was ensured with sodium hydroxide.

The pectinolytic product concentration used varied between 1-3 % o.w.f (over weight fiber)
and the action time was between 15 and 55 minutes. The quantity of complexing agents (EDTA or
sodium citrate) was 2 g/L and the surfactant (Denimcol Wash RGN) 0.5 %.

For the bioscouring treatments were used also ultrasound of 45 kHz in an Elmasonic X-tra
basic 2500 ultrasonic bath from Elma Company, Germany. The classical scouring treatment used for
comparison was done with 10 g/L sodium hydroxide, 1 g/L sodium bisulfite, 5 g/L sodium
carbonate, 2 g/L sodium silicate and 2 g/L wetting agent (Sulfolen 148) for 1 hour at 100 °C in an
AATCC Launder Ometer.

2.2 Wastewater analysis

The wastewater quality indicators determined such as: pH, salinity, turbidity, TDS (total
dissolved solids), conductivity, chemical oxygen demand (CCOMn), total dissolved oxygen and dry
residue were chosen according to the EU specific regulations. A WTW multi-parameter inoLab
Multi 740 was used for conductivity, pH, salinity, TDS, and total dissolved oxygen measurements.
For turbidity determination was used a HI 88713 HANNA Instruments Turbidimeter. The dry
residue was determined gravimetrically as difference in mass before and after the drying process.
For evaporation was used a Pura 14 water bath from Julabo, Germany and dried at (105 £ 5) °C to
constant mass in an oven, according to [10]. The CCOMn (chemical oxygen demand) was
performed by titration with KMnQ;, as described by R. Ballance [11].

3. RESULTS AND DISCUSSIONS

The purpose of this research was to study the impact of the wastewater resulted from two
eco-friendly scouring treatments compared to the classical alkaline scouring. Further on will be
presented the comparative results obtain for the investigated parameters in case of using EDTA or
sodium citrate as complexing agents in the bioscouring treatment, and for the traditional scouring
with sodium hydroxide. Table 1 shows a comparative analysis of some quality indicators (pH, TDS,
salinity, conductivity, total dissolved oxygen) of the residual water resulted from classical and
enzymatic pretreatments of the cotton/hemp fabric.
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Table 1: Comparative analysis of some residual water quality indicators resulted from classical and enzymatic
treatments of the cotton/hemp fabric

Scouring with enzymes + sodium citrate
Enzyme Trez_atment TDS - Conductivity Total dissolved
Sample [%] time pH [mg/L] Salinity [(us/cm] oxygen
[min.] H [mg/L]
1 1.30 21.00 8.02 1778.00 0.90 1780.00 5.27
2 2.70 21.00 7.81 1932.00 1.00 1936.00 5.43
3 1.30 49.00 8.18 1768.00 0.90 1776.00 5.04
4 2.70 49.00 8.05 1912.00 0.90 1917.00 4.92
5 1.00 35.00 8.53 1778.00 0.90 1785.00 4.82
6 3.00 35.00 7.82 2027.00 1.00 2030.00 4.23
7 2.00 15.00 7.65 1914.00 0.90 1918.00 6.86
8 2.00 55.00 8.30 1856.00 0.90 1863.00 5.27
9 2.00 35.00 8.05 1883.00 0.90 1888.00 5.26
10 2.00 35.00 8.15 1885.00 0.90 1893.00 5.15
11 2.00 35.00 7.93 1916.00 0.90 1923.00 4.91
12 2.00 35.00 7.99 1887.00 0.90 1891.00 4.93
13 2.00 35.00 8.10 1881.00 0.90 1886.00 4.76
Scouring with enzymes + EDTA
1 1.30 21.00 4.849 1072.00 0.50 1071.00 5.34
2 2.70 21.00 4.864 1183.00 0.50 1182.00 5.53
3 1.30 49.00 4.933 1039.00 0.50 1038.00 5.15
4 2.70 49.00 5.082 1199.00 0.50 1197.00 5.65
5 1.00 35.00 4.849 998.00 0.40 997.00 5.71
6 3.00 35.00 4.931 1209.00 0.60 1209.00 5.77
7 2.00 15.00 4.887 1105.00 0.50 1105.00 5.79
8 2.00 55.00 4.920 1107.00 0.50 1104.00 5.64
9 2.00 35.00 4.836 1112.00 0.50 1111.00 6.17
10 2.00 35.00 4.868 1107.00 0.50 1104.00 5.93
11 2.00 35.00 4.927 1101.00 0.50 1101.00 6.26
12 2.00 35.00 5.010 1109.00 0.50 1108.00 6.13
13 2.00 35.00 5.018 1109.00 0.50 1109.00 6.29
Classical alkaline scouring
1 [ - ] 6000 | 1350 [ 53000.00 | 35.00 | 53000.00 | 4.16

In the textile processing units, pH is a very important factor and must be adjusted for each
processing step for better results. The pH of the wastewater resulted from the three types of scouring
treatments was found in a big range from ~ 4.50 to 13.50. In the case of pretreatment with sodium
citrate, the pH of the wastewater is almost neutral, being in accordance with the legislation. Not the
same situation is in the case of EDTA where the pH values are below 5, requiring a slight correction.
As for salinity, this shows higher values for sodium citrate treatments. The highest value of pH
shows the residual water resulting from the alkaline treatment (13.50), this being far beyond the
limits allowed.

Electrical conductivity and TDS of wastewater from all enzymatic treatments were found to
be in the range of ~ 1000 to 2000. Lower conductivity and TDS values were obtained in this case for
the enzymatic treatments in which EDTA was used as a complexing agent. The same situation is for
salinity values. Close values have been obtained for total dissolved oxygen in both cases of
enzymatic treatments. In the case of classical alkaline treatment, with the exception of total
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dissolved oxygen, the other values obtained for conductivity, TDS and salinity exceed the

admissible values.

In Table 2 is presented a comparative analysis of turbidity, dry residue and chemical oxygen demand
values of the residual water resulted from the classical and enzymatic treatments of the cotton/hemp fabric.

Table 2: Comparative analysis of turbidity, dry residue and chemical oxygen demand of the residual water
resulted from classical and enzymatic treatments

Scouring with enzymes + sodium citrate

Sample Enzyme Treatm(_ent time Turbidity Dry residue CCOMn

[%] [min.] [NTU] [mg/L] [mg O2/L]
1 1.30 21.00 2.85 19.26 19.64
2 2.70 21.00 2.98 26.36 21.71
3 1.30 49.00 2.49 29.28 29.07
4 2.70 49.00 2.61 28.00 32.34
5 1.00 35.00 2.63 25.64 22.86
6 3.00 35.00 2.71 36.70 27.81
7 2.00 15.00 3.31 15.16 18.96
8 2.00 55.00 1.92 57.60 25.28
9 2.00 35.00 2.48 34.96 27.81
10 2.00 35.00 2.60 36.88 22.64
11 2.00 35.00 2.90 35.96 25.28
12 2.00 35.00 3.09 38.40 25.28
13 2.00 35.00 2.74 40.86 28.96

Scouring with enzymes + EDTA
1 1.30 21.00 1.64 34.34 644.64
2 2.70 21.00 1.59 46.56 620.80
3 1.30 49.00 1.49 32.00 379.20
4 2.70 49.00 1.56 60.06 606.72
5 1.00 35.00 1.61 31.06 379.20
6 3.00 35.00 1.41 37.20 442.40
I 2.00 15.00 1.83 20.44 265.44
8 2.00 55.00 1.20 64.82 689.60
9 2.00 35.00 1.36 34.44 151.68
10 2.00 35.00 1.51 35.26 145.36
11 2.00 35.00 1.46 37.98 170.64
12 2.00 35.00 1.84 33.32 139.04
13 2.00 35.00 1.60 36.00 169.60
Classical alkaline scouring
1] - | 60.00 | 84.00 1150 | 1180.00

Turbidity values are higher for sodium citrate treatments. Instead, similar values were
obtained in the case of dry residue and much lower values for CCOMn compared to the treatments
in which EDTA was used. In the case of classical alkaline treatment, the same high values are
observed for all parameters (turbidity, dry residue, CCOMN) resulting high polluted wastewaters.

4. CONCLUSIONS

The main physico-chemical parameters of the residual water resulted from two types of
enzymatic scouring treatments were analyzed in comparison with wastewater parameters of an
classic alkaline treatment. Based on the experimental data obtained it was concluded that for
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enzymatic pretreatments (EDTA or sodium citrate) all the parameters are in the limits with the
exception of the pH for treatments were EDTA was used. We can not say the same thing in the case
of classic alkaline treatment were higher values were obtained for all parameters. A constant
monitoring of water quality is necessary to avoid further dreadful conditions. The effluents which
are toxic in nature are needed imperative treatment before disposal on water bodies to create less
pollution and an eco-friendly environment.
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Abstract: Awareness of the importance of reducing / slowing down, by any means, the level of pollution is
steadily increasing and meeting this goal is an important objective at the level of the European Union. The use
of natural resources is a measure that fits into this objective. SC Cora Trading & Service SRL is an example of
a Romanian company focusing on the use of small and medium fineness sheared, tannery and recovered /
recycled wool fibers in high value added products. The paper presents experimental results regarding the
processing, on the existing technology at SC Cora Trading & Service SRL, of a 100% fibrous fiber mixture for
obtaining 4 unconventional textile structures for thermal and sound insulation in the constructions area. The
technological flow adopted consists of preliminary operations (sorting, cutting opening, willowing and
blending), formation carded webs, cross lapped batts, 2 types of bonding operations (using steam and needle
punching) and final finishing operations. The steam bonded structures are bulky: (density: 36 kg/m3 to 54
kg/m3), while the needle punching bonded ones are compact (density: 133 kg/m3 - 97kg/m3). The thermal
conductivity of the obtained structures ranged from (0.0332 W/mK to 0.0392 W/mK), comparable to thermal
insulation materials from basaltic fibers and does not support burning.

Key words: non-conventional textile structures, tanning wool, sheared wool, thermal conductivity, valorization

1. INTRODUCTION

In Europe, each person generates annually about half a ton of waste, of which less than 40%
is recovered. According to Eurostat, in some countries more than 80% of the generated waste is
discarded [1]. The concern of mankind about the unprecedented environmental pollution (soil, water,
air) with negative effects on climate change has convinced the authorities to take concrete measures
according to the principles of the circular economy (industrial production, consumption, waste, etc.).
This concern for our health and the generations to come is the desideratum of sustainable
development, one of the measures being the transition to the development of ecological materials
from renewable resources [2].

For millions of years, mankind has been using natural (animal and vegetable) textile fibers
for current protection and comfort activities, food, health, energy, construction, art, and so on. In
some industrial sectors, natural fibers are an alternative to synthetic ones, in addition have a low
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impact on the environment [3], they are human-friendly, the toxicity is very low (it does not generate
hazardous wastes) are biodegradable and their responsible valorisation leads to a sustainable life [4].

Wool fibers are a natural source of raw material, whose local capitalization is quantitatively
reduced. The wool can come from 4 major sources: sheep shearing (wool on first use with high
quality fiber, not degraded); tanning of hides obtained from slaughtered animals (wool with
degraded areas due to chemical and mechanical treatments applied for its extraction) [5]; reclaimed
wool (obtained from pre-consumer textile waste resulting from technological processes), regenerated
wool (obtained from post-consumer textiles, identified as finished products)[6]. The regenerated and
recovered tanning wool shows less mechanical resistance compared to the sheared wool, under the
conditions of mechanical operations.

The paper follows the technological presentation of non-conventional textile structures
(NTS), designed for thermal insulation and obtained on the existing technology at company Cora
Trading & Service SRL.

2. CONTEXT

2.1. SC Cora Trading & Service SRL

Among the Romanian companies that process the wool is SC Cora Trading & Service SRL,
a company with Romanian capital, which has as its object the production of unconventional non-
woven products (e.g. technical felts) with industrial applications. The company processed more than
50 tons of wool fiber in 2016. A significant part of the company's products are destined for export.
The national competition environment and its policy required investment in high performance
machines to improve the quality and productivity of products and services offered. These
investments focused directly on the production of nonwoven and felts by offering both products with
technical characteristics that are superior to competition and respecting dimensional characteristics
through fieldwork in many sites and workplaces in the country. The company has implemented and
maintains a quality management system in accordance with SR EN ISO 9000 families of standards
for all product categories [7]. The company’s activity is based mainly on sheared wool fibers, thick
tannery wool (considered waste of tanneries) and wool fibers recovered from the textile
technological waste to develop the products with high added value. The use of natural resources and
waste is a key factor in the circular economy, which stimulates innovation and recycling of waste
and reduces the amount of waste dumped to landfills, fully understood by the company's
management. The use of indigenous and wool textile waste by SC Cora Trading & Service SRL has
environmental implications (reduction of soil, water and air pollution in areas where wool is usually
burned in the field) and human health implications [7].

2.2. Wool fiber — valorization potential in construction area

The wool (natural textile fiber, which represents about 95-97% of the animal hair) has a
significant potential for valorisation in technical fields due to the unique structure and properties.
Wool fiber has the most complex chemical structure and is obtained by proliferation of new cells in
the root (nontextile part) and subsequent migration of these cells to the stem (the textile part). The
major component of the wool, which contains about 97%, is the protein (minerals with functional
groups - a-amino acids) [8]. Structurally, wool fiber is made up of the cuticle (outer fiber coat, about
2-10% of its mass, which covers the fiber in its entirety, having a protective role), cortex (the basic
fiber component of about 90% its mass, which determines almost all physico-mechanical and
chemical properties), a medullary channel present on thick fibers with a role in the mechanical
properties of it [9]. The wool fiber properties are unique, being influenced by the chemical structure,
the supramolecular structure, and the morphological particularities. Among the physical-mechanical
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properties of wool fibers are: fineness within wide limits: 15 pm - 65 um, length in wide limits: 30
mm - 350mm, number of crimps / cm: 1-13, hygroscopicity: <40%, etc [11, 13]. The wool exhibits
good thermal insulation properties / thermal resistivity / thermal conductivity, both at low and high
temperatures [10], due to the amount of stationary air between wool fibers [11]. Wool has
amphoteric character, resistance to dilute mineral acids, <5% [12], good felting ability depending on
fiber position relative to other fiber, heat, unity, pH, mechanical action; great spinning capacity etc.

Thanks to these characteristics, wool fibers have attracted the attention of manufacturers of
thermal insulation materials at European level, which have produced fibrous products in the form of
panels or rollers containing wool fibers. At national level, SC Cora Trading & Service SRL is an
example of an innovation-oriented enterprise whose existing infrastructure allows the design and
development of 100% wool NTSs with valorisation potential or thermal and sound insulation
properties.

3. MATERIALS AND METHODS

For testing of NTSs, at Cora Trading & Service SRL, a blend of 100% fibers: 50% sheared
wool, 50 % tannery wool with medium and low finesse has been established. The fiber blend was
analyzed for average fineness (um), average length (mm), breaking force and elongation at break
(cN, %), content of impurities (%). Samples were taken from the impact technological flow
operations (opening - sample A, willowing-mixing - sample B, carding - sample C). The NTSs were
analyzed in terms of physical characteristics: thickness (mm), specific mass (g/m?), density (kg/m?)
and thermal conductivity (W/mK).

4, EXPERIMENTAL PART

The technological flow adopted for the NTSs is shown in Figure 1. The cutting wool
requires several preliminary operations (sorting, cutting + mechanical cleaning, opening) than
tanned wool due to a high level of impurities. As a result of these operations, more than 50% of the
vegetal and mineral impurities were removed.

Wool supplying (shecred wool, tegining woel)

v v
Sheared woal Temning wool
i fleece
Sorting
*sm ted fleeces
| Cutting flocks
* flocks
Opening
flocks
Willowing and blending
* flocks
Carding
3 e
Cross-lapping
¥ bait d  batt
| Needle-punching Felting - Hardening
¥ STN ¥ STN
Cutting, dimensioning
J CutsTN

Packaging, Labelling
Packed STN

Fig. 1: Fiber processing flow
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In the willowing operation, the two components are intensively blend, and this blend is fed
to the card, where complete oppening takes place, deep cleaning, removal of a percentage of short
fibers; blending, straightening, parallelizing and uniformizing and web forming of the fibers,
conferring an advanced degree of individualization of the fibers. The crosslapping operation
involves the overlapping of card webs under a folding angle in order to obtain semi-fabrics (fibrous
layers) that can be consolidated/ bonded. Consolidation involves mechanical bonding between
fibers, in order to increase the resistance of the fiber layer to the textile structure due to the
progressive frictional forces between the fibers. For this research, two types of consolidation (using
steam and needle punching) were used. The final operations are to prepare NTSs for use.

5. RESULTS AND DISCUSSIONS

The results of the physico-mechanical analyze of the fiber blend used for obtaining of NTS
within SC Cora Trading & Service are presented in Table 1.

Table 1: Fiber blend characteristics

Characteristics sgcfzil;ﬁgﬁi A San;ple C
Average fiber diameter (um); CV (%) 125/5)?6 38,836; 40,162 | 34,693; 37,469 %2698%%
Average fiber lenght (um); CV (%) egg-llsgcs))g 116,65; 65,91 | 77,13,90,87 | 64,33; 74,97
- VAT
Average e'O”ga“‘(’g}o ;0 brerak (%); CV' | spEN1SO | 38,584;0,227 | 33,266; 0,369 | 20,675; 0,460
Average breaking force (cN); CV (%) 5079:2000 56,272; 0,450 | 40,827; 0,612 0,637
Impurities content % -Vegetable; Dirt; STAS 6710:1988 | 28 27 55 08:3.1 39 08
Both . ) 1 L 1 L ) 1 L 1 L 1 1 1

After the fibrous processing and consolidation through the two processes (fig.1) 4
unconventional textile structures with specific masses and different thicknesses were obtained.
Steam consolidation technology causes the agglomeration/bonding of the fibers from the closslaped
layers as a result of simultaneous action of vibrational movement at high velocity in the presence of
steam and under variable mechanical pressure. After consolidation, the thickness of the structure can
be calibrated using buffers over which the oscillating plate will act. In this way, NTSs with low
density (bulky) and high thickness, designed for thermal insulation are obtained. Mechanical
consolidation by needlepunching involves entrainment of the fibers through the interstices of the
fibrous layer. Consolidation is accomplished by reorienting / changing the direction of the fibers,
which come in direct contact with the barbed needles. This type of consolidation has the effect of
increasing the mechanical strength and decreasing the thickness of the fibrous layer (increasing the
density). Thus, compact, higher density STNs are provided for thermal and acoustic insulation.
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Fig. 2: Obtained I\TTS
a) Sl b) S2 c) S3 dy $4

The results of the physico-mechanical characterization of the structures obtained, encoded
S1 - NTS1 steam bonded (Fig. 2); S2 - STN2 steam bonded, (Fig. 2b); S2 - STN1 needlepunching
bonded (see Fig. 2¢); S4 - STN2 needlepunching bonded (see Fig. 2d) are shown in Table 2.

Table 2: Obtained NTS characteristics

. NTS
Characteristic S1 ) 33 Sz
Mass/unit area, g/m? 2100 + 5% 1700+ 5% 2700+ 5% 900+ 5%
Thickness, mm 40 £ 5% 50+ 5% 20+ 5% 10+ 5%
Density, kg/m?® 54 + 5% 35+5% 130+ 5% 95+ 5%
Thermal conductivity, W/mK 0.0378 0.0362 0.0392 0.0332

In terms of specific mass, S2 has a specific mass 17.29% lower than S1, this being the
minimum specific mass that can be obtained through this bonding technology. Below this value,
keeping the bonding conditions constant, the mechanical bonds between the fibers are not assured,
so the structure does not acquire mechanical resistance. In the case of S3 and S4, the bonding
technology allows obtaining large specific masses at smaller thicknesses than the S1 and S2
structures. S3 has a specific mass greater than 203.15% compared to S4. The thickness of S2 is 22%
greater than S1. The S3 and S4 structures are more compact, with smaller thicknesses than the S1
and S2 structures, as the needlepunching technology trains the fibers, for bonding, through the
interstices of the fiber layer (rendering compactness). Structure S4 has a thickness 55% smaller than
structure S3. The value of A for structure S2 is 4.07% smaller than S1, which means that structure S2
is better isolated than structure S1 (it has a volume of air, which is larger in structure S2, which
allows a higher convective transfer than the S1 structure). Structure S4 shows an A value of 15.34%
less than structure S3. In terms of fire behavior, it can be mentioned that the 4 structures obtained do
not burn or remove dangerous substances

5. CONCLUSIONS

The study reveals the potential for the use of wool fibers in unconventional textile structures
for thermal insulation in construction. The proposed fibrous blend to be experimented contains the
tanning wool, as considered tanneries waste and sheared wool. Two technological flows for the
processing of the fibrous blend were selected for the experiments, which included preliminary
processing operations, web forming operations, bonding operations and final operations.

Due to the high content of impurities of mineral, animal and vegetal origin, it was insisted on the
preliminal processing operations, where the own (invented) equipment of the beneficiary was used,
or with specific technological adaptations for the processed fiber blend. There were 4 NTSs
experimental models, formed by two bonding ways, which were analyzed from the point of view of
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the specific functionalities. The steam bonderd textile structures are bulky: S1 (~density: 36 kg/m?),
S2 (~density: 54 kg/m®), while the needlepunching bonded ones are compact S3 (~density: 133
kg/m?), S4 (~density: 97kg/m?). From the point of view of thermal conductivity, the values obtained
(0.0378 W/mK - S1, 0.0362 W/mK - S2, 0.0392 W/mK - S3, 0.0332 W/mK - S4) are comparable to
thermal insulation materials from basaltic fibers. The obtained textile structured does not support
burning.
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Abstract: In this paper, it’s analyzed the surface characteristics of woven fabrics. Of these features, the pilling
effect is a typical pattern of flat textiles, which consists in forming, on their surface, of clusters of adherent
fibers consisting of three types of fibers: outer ends (fibers with one end fixed in the base structure), outer
loops (with both ends in the base structure) and marginal / wild fibers (fixed at least at one end) as a result of
the action of the friction forces, affecting their appearance. Pilling is recognized as major aesthetic attribute
of a woven apparel fabric. The study presents a new approach to the problem of objectively evaluating woven
pilling by employing image analysis techniques and ANOVA (analysis of variance) model. The number of pills
resulted on the fabric surface after abrasion testing and handle has been used as dependent, respective
independent variables for ANOVA regression model. Processing of the testing results allowed an objective
hierarchical classification of woolen woven materials according to their pilling resistance. Based on employed
ANOVA model we have been established that there are significant differences between mean pills number
depending on the handle (soft, cold or rough) of woolen fabrics. The results revealed that the formation of the
pilling is characterized not only by the rate of formation and the ease of removal of the fiber agglomerations
but also by the total and residual amplitude of the pilling.

Key words: wool woven, adherent fibers handle, ANOVA model, pilling, surface characteristics

1. INTRODUCTION

The Anova model is used to show the main and interface effects of independent variables
on dependent variables. The primary effect has a direct effect on independent variables on dependent
variables, points out the effect of the interaction on an already built base [1, 2]. The pilling
phenomenon is one of the most serious visual imperfections of textile fabric because it causes not
only bad appearance but also a bad touch, both being especially important for fabrics are used in
clothing. It is generally recognized that pilling is more pronounced in fabrics made of synthetic
fibers or blends of synthetic fibers and natural fibers [3, 4, 5]. Evaluating the pilling defects, we can
assess these properties of fibers, yarns and fabrics and also the probability of problem occurrence in
production line [6, 7]. Pills are formed by entangling fibres into discrete balls on the surface of
fabrics which are usually the result of wear, abrasion, washing or a combination of all three [7, 8, 9].
At present attempts to classify and standardise textile quality requirements for textiles devoted to
clothing manufacturing pilling tendency plays a very important factor [10].
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2. MATERIALS AND METHODS

The study was conducted on woven materials made of combed wool type yarns used for
manufacturing outwear clothing, on 50 articles structured as follows. The variation limits of the
composition and structural characteristics for the tested woven materials are indicated in table 1.

Table 1: Variation limits of composition and structural characteristics

Group/Fibrous composition Nmwarp | Nmwert |Coded article
Group A 100%Wool mg:( ggg ggﬁ Al-Al10
Group B 45%Wool +55% PES m:;( ggg ggg B1-B10
Group C 45% Wool + 50%PES + 5% Dorlastan m;':( ggg ggg C1-C10

For pilling evaluation of woven fabrics type wool were proposed two original methods
namely finger printing method followed by samples fingerprint scanning after testing and direct
tested sample scanning method (Fig.1) and results interpreting through digital processing of images
usinf CoreDRAW and Matlab programs. The experimental work was done under laboratory
conditions on a Rubtester Metrimpex FF 25 machine in accordance with the SR EN 1SO 12743-3-
2003 standard. The sample size was determined by the fixation device. The samples were tested for
homogeneous friction on one side. The indirect method of pilling evaluation involves the fabric
weight and thickness measuring both before and after abrasion testing. Based on quantitative
analysis of tested samples (Fig.1) were determined: initial/final sample weight; initial/final sample
thickness; number of fiber agglomerations/unit area formed/detached; number of fiber
agglomerations/unit mass formed/detached; agglomerations mass of detached fibers from unit area.
Experimental results concering quantitative analysis for the three gropus of woven fabrics that
illustrated the pilling effect intensity obtained by objective methods were statistically processed
using ANOVA model.

B10 (Nc=500, P=30 N)* Sample print of B10  C9 (Nc=500, P=30 N) Sample print of C9
(Nc=500, P=30 N) (Nc=500, P=30 N)
* Nc= number of abrasion cycles: P= pressure force
Fig. 1. Scanned images of tested and print samples

3. EXPERIMENTAL PART

3.1. Collection, systematization and processing of experimental data
Econometric modeling is performed using numeric variables. To extend this restriction to
non-numeric variables or attributive variables, are constructed alternative variables called dummy

54



ANNALS OF THE UNIVERSITY OF ORADEA
FASCICLE OF TEXTILES, LEATHERWORK

variables. For a nominal variable, it can be established one or more alternative variables, depending
on the purpose or modeling interest. Also, is shown the differentiation of woven materials by the
variation of the number of formed fiber agglomerations/surface unit and the number of formed and
detached fiber agglomerations/surface unit, depending on the number of abrasion cycles and
pressure force (P=30 N).

Based on the experimental data, the following variables were included in the ANOVA
regression model: dependent variable (Y) representing the number of agglomerations/pilling effect;
independent variable representing the woven material handle (soft, rough, cold) T two dummy
variables.

3.2. Hypothesis formulation

Ho: There are no significant differences between the fiber agglomerations for woven
materials having soft, rough or cold handle;

Hi: There are significant differences between the fiber agglomerations for woven materials
having soft, rough or cold handle (Ho is reject).

3.3. Formulation of the regression model
The ANOVA model with two dummy variables is defined by relation:
Y =Up+ U D1+ U, Dy + U 1)

The regression, as a conditioned mean, has the following form:

M(Y/D) = Uy,  D1=0,D,=0
M (Y/D) = Uo+ U, D1=1,D.=0 (2)
M (YD) = Ug+U,, D1=0,D,=1

The notations for the model are €; for the mean of fiber agglomerations for woven materials
having soft handle, €, for the mean of fiber agglomerations for woven materials having rough handle
and &3 for the mean of fiber agglomerations for woven materials having rough handle.

The regression has the following form:

M (Y/D) = Uo =g, D:=0, D
M (Y/D) = Up+Ui =€, D:1=1,D>

0
Uo + U 0 3)
M(Y/D) = Up+U,=¢e3 D1=0,D2=1

The dummy variables are defined in Table 1.

Table 1. Definition of dummy variables

Group D1 D2 Handle
1 1 0 Cold
2 0 1 Rough
3 0 0 Soft

The coefficients defined in table 2 were determined for the established model. The t-test
show if the variation between those three groups of woven fabrics is "significant” depending on
number of fiber agglomerations formed on unit area.

The estimated ANOVA model has the following expression:

y =27.345 7 14.456 D1 T 24.468 D; 4)
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