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Dear colleagues and friends,

On behalf of the Faculty of Textiles, Leather and Industrial Management, we are greatly honored and
pleased to welcome you all to the 15-th Romanian Textiles and Leather International Conference,
CORTEP 2014.

Generally speaking, the textile field offers a generous and valuable research approach. We discuss
about a huge number of applications, numerous problem solving is strongly interdisciplinary. This is
why the organizers have deemed very suggestive the conference logo: “textiles 4all, textiles 4ever”.

The conference topics were carefully selected to highlight the diversity of research problems in the
field of textiles and leather. We are sure that the selected topics will provide you with a wealth of
information and many opportunities for discussions. Thus, the main areas of interest proposed for
papers submission, cover the following topics:

- New fibres and advanced materials

- Textile science and technology

- Textile structures and properties

- Functional textiles and clothing

- IT applications

- Machinery developments

- Fashion design and product development
- Innovations in textile finishing

- Advances in leather processing

- Footwear design and technology

- Ecology in textiles and leather processing
- Marketing and management

- Engineering education

The interest of the international scientific community is clear. The CORTEP Conference have
attracted 112 participants from 14 countries. We will hear 44 oral presentations, and have the
opportunity to see about 80 poster presentations.

For a number of important reasons, the CORTEP 2014 is organized in Poiana Brasov, one of the
oldest and most famous mountain resorts. Located in a beautiful mountainous region, at about 1,020
meters above sea level near the city of Brasov it is surrounded by four mountains: Postavaru, Piatra
Craiului, Bucegi and Piatra Mare. The main touristic objectives are: city of Brasov, Bran Castle,
Rasnov Fortress, Peles Castle and many others.

Finally, we would like to express our sincerest thanks to all the participants for their valuable
contribution and readiness to spend a part of their time in Poiana Brasov. The conference would not
be possible without the joint effort of the organizing committee and evaluating committee, to whom we
are deeply grateful.

The organizers express their gratitude to all conference sponsors for their support, which made this
conference possible.

P

Prof. dr. Eng. Carmen Maria LOGHIN
Dean of the Faculty of Textiles, Leather and Industrial Management
President of CORTEP’2014
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Section 1: New Fibres and Advanced Materials

BIO-INNOVATED COTTON CELLULOSE - SURFACE FREE ENERGY

Ana Marija GRANCARIC, Lea BOTTERI and Anita TARBUK
University of Zagreb, Faculty of Textile Technology, Zagreb, Croatia

Abstract: Raw cotton fibres contain around 95% of pure cellulose balanced by the non-cellulosic impurities
of proteins, oils, waxes, pectins, carbohydrates and inorganic materials which should be removed in
desizing, scouring, and bleaching processes. The enzymatic pre-treatments of cellulose fabrics have
received much attention in the last decade due to its environmental benefits and special performance in
comparison with the conventional processing of textiles. The use of protease, lipase, pectinase, cutinase and
cellulase, individually or in a mixture can replace alkaline scouring. Amylase, glucose oxidase and
peroxidase enzymes can be used for desizing and bleaching of cotton-like fabrics. Since textile wettability
and adsorption depend to a large extend on the kind and magnitude of the solid surface free energy, the
influence of bio-innovation (amylase, alkali and neutral pectinase, and cellulase treatment) of the plain
woven cotton fabric to its surface free energy, as well as its hydrophilicity and whiteness, was researched in
this paper.

Keywords: surface free energy, bio-innovation of cotton, amylase, pectinase, cellulase

INTRODUCTION

Raw cotton fiber is highly hydrophobic due to all genetic and added impurities. It contains around 95% of
pure cellulose balanced by the non-cellulosic impurities of proteins, oils, waxes, pectins, carbohydrates and
inorganic materials [1-4]. Since the most of textile finishing procedures are performed in an aqueous
medium, it is necessary to remove them and enable absorbency of cotton materials for further textile
processing. Impurites are usually removed in desizing, scouring, and bleaching processes. In the
conventional scouring with sodium hydroxide (NaOH) the non-cellulosic genetic and added impurities from
the cuticle of cotton fiber are removed, but the presence of oxygen results in partial damages to the cellulose
causing a high weight loss, decreasing the strength and degree of polymerization as well. The large
quantities of alkali require an extensive rinsing process that loads wastewater with environmentally harmful
chemicals. Therefore, the enzymatic pre-treatments of cellulose fabrics have received much attention in the
last decade due to its environmental benefits and special performance in comparison with the conventional
processing of textiles.

The use of enzymes in textile finishing has been carried out from the 20th century (1910) using amylase
during starch degradation [5,6]. According to the key-lock model / enzyme - substrate theory, introduced by
Michaelis-Menten in 1913, a substrate diffuses towards the direction of an enzymes’, links to it and an
enzyme substrate complex is then formed. The final reactive products diffuse from the split products’ active
centre thus enabling a new linking of the substrate and catalyse all over again [6]. According to Ro ner,
about 75% of organic contaminants from the textile industry come from cotton pre-treatment, which is reason
enough for replacing NaOH with biodegradable enzymes 2-4].

The use of protease, lipase, pectinase and cellulase, individually or in a mixture can replace alkaline
scouring [2-13]. To obtain bioscoured cotton with a good hydrophilic effect, it is important to degrade a
complex mix of different substances out of pectin, cellulose, protein etc. including Ca, Mg and Fe which
forms an interlaced net structure difficult to solve in water [7,8]. A complete degradation is not necessary,
because after pectin net structure degradation, fragments of the complex structure are soluble in water and
can be washed off. For that purpose the enzyme pectate lyase (pectinase) which very rapidly catalyzes
hydrolysis of salts of polygalacturonic acids (pectins) in the primary wall matrix was used in alkali medium for
last 15 years. The process was named bioscouring with alkali pectinases [3-5,9,10]. Lately, the progress was
achieved through application of neutral and acid pectinases [11-13]. The result of biopreparation with
pectinase is not degraded cellulose, having less weight or strength loss than alkaline scoured one.
Additionally, the amount of wax removed is less than that removed by the other processes, which results in
an improved hand. Applying neutral one, there is no need to perform neutralization [11-13].
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Amylase, glucose oxidase and peroxidase enzymes can be used for desizing and bleaching of cotton-like
fabrics [9,10-16]. An amyloglucosidase/pullanase enzyme mixture can be used to degrade starch into
glucose during desizing. The generated glucose can be converted to hydrogen peroxide and gluconic acid
by glucose oxidase enzyme during bleaching. The gluconic acid was a good peroxide stabilizer during
bleaching and a good sequestering agent [10,15].

Since protease, lipase, pectinase, cutinase and cellulase, individually or in a mixture can replace alkaline
scouring, the research in this paper was focused on the application of amylase, alkali and neutral pectinase,
and cellulase for the bio-inovation of cotton cellulose. Such change in the number of accessible functional
fiber surface groups affects the distribution of surface charge, resulting in change of its surface free energy
and wettability [16-19]. Therefore, the influence of bio-innovation of the plain woven cotton fabric to its
surface free energy, as well as its hydrophilicity and whiteness, was researched in this paper.

EXPERIMENTAL
2.1 Material

A plain weave fabric of 100 % cotton and surface mass 120 g/m2 was used. For comparison fabric was alkali
scoured according to the standard procedure for 2 h at 100°C in autoclave (Scholl) by pad roll using 3 %
NaOH and 2 g/l Kemonetzer NI. It was neutralised and rinsed until pH 7 was reached.

2.2 Bio-inovation

Amilase. Fabric was enzimatically desized for 3 h at 60°C in autoclave (Scholl) by pad roll using 3 g/l of
amilase Beisol LZV (Bezema) and 2 g/l of nonionic wetting agent Lavotan TBU (Bezema). Pectinases.
Enzymatic scouring was performed by exhaustion method in the Linitest (Hanau) using two different
pectinases - alkali and neutral one. Fabric was treated with 2 g/l of neutral pectinase Beisol PRO (Bezema)
and 1 g/l of wetting agent Felosan NOG (Bezema) at pH 7, for 50 min at 80°C, BR 1:25. Treatment with 0.2
% (owf) of alkali pectinase BioPrep 3000L (Novozymes), was performed in the bath containing 0.5 g/l
Kemonetzer NI and buffer (Na,HPO,), pH 9.2 and 65°C, BR 1:25. Cellulase. Fabric was treated with 0.5 %
(owf) of cellulase Cellusoft L (Novo Nordisk) and 1 g/l of wetting agent Kemonetzer NI at pH 4.9
(CH3;COONa), for 30 min at 50°C, BR 1:25. Combination of pectinase and cellulase. Fabric was treated in 2
steps: 1° cellulase treatment; 2° alkali pectinase treatment according to the procedures above. Labels and
treatments are given in Table 1.

Table 1: Labels, treatments and procedures

Label Treatment of cotton fabric

R Raw

ED Enzymatic desizing with amilase

AS Alkali scouring

ESAP Enzymatic scouring with alkali pectinase BioPrep 3000L

ESNP Enzymatic scouring with neutral pectinase Beisol PRO

ESC Enzymatic scouring with cellulase Cellusoft L

ESCAP Enzymatic scouring with cellulase Cellusoft L and alkali pectinase BioPrep 3000L

All the fabrics were neutralised and rinsed until pH 7 was reached. For determination of surface free energy
all the fabrics were rinsed to the conductivity of deionised water (2-4 uS/cm).

2.3. Test methods

Since the scouring and bleaching processes have major impact on fabric damage, mechanical wear, as well
as fabric whiteness were determined. For that purpose breaking force and elongation were measured
according to EN ISO 13934-1:1999 Textiles - Tensile properties of fabrics — Part 1: Determination of
maximum force and elongation at maximum force using the strip method on MesdanlLab Strength Tester.
The mechanical wear was calculated according to 1ISO 4312:1989 Surface active agents -- Evaluation of
certain effects of laundering -- Methods of analysis and test for unsoiled cotton control cloth:

F,
U, =—>-100[% 1
7 [%] (1)

m
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where U,, is mechanical wear (damage) [%], Fo is breaking force of untreated, raw fabric [N], F is breaking
force of treated fabric [N].

The mass loss was calculated according to:

Am =" .100 [%] 2)
m

where mis mass loss [%], my is mass of untreated, raw fabric [g], m is mass of treated fabric [g].

Degree of whiteness (Wcg) was calculated from spectral characteristics measured on remission
spectrophotometer SF 600 PLUS CT (Datacolor) according to ISO 105-J02:1997 Textiles - Tests for colour
fastness - Part JO2: Instrumental assessment of relative whiteness, whilst Yellowing Index (Y1) according to
DIN 6167:1980-1 - Beschreibung der Vergilbung von nahezu weilBen oder nahezu farblosen Materialien
(Description of yellowness of near-white or near-colourless materials).

Different theories and practices can be used for determining textile surface free energy (SFE)
components. If the solid surface is sufficiently hydrophobic that liquid droplets will stay on the surface
forming an angle, then the contact angle can be measured and the SFE components calculated according
to different models, e.g. Acid-base, Wu’s, etc. Textiles are heterogeneous, porous and mostly hydrophilic,
therefore surface free energy is complicate and sometimes impossible to measure by the contact angle
method [18,19].

For the determination of the textile surface free energy components in this paper the theory and practice of
thin-layer wicking was used [20]. In accordance to this technique the rate of the liquid penetration (wicking)
into the porous solid can be described with the general form of Washburn equation for the horizontal
capillary [16,18,20]:
2
x_ = AAG (3)
t 2n

where x is the penetrated distance, R is the effective radius of porous solid, t is the penetration time of the
distance x, is the liquid viscosity and G is the free energy change, accompanying the liquid penetration
process. If the wicking experiments are carried out in four wicking systems, four different values of G
appear in equation (1), and the work of adhesion, W, can be determined from the results of the liquid
penetration rates by the following equation [20]:

W, =20y v w2 vy + 2 )

from which nonpolar Lifshitz-van der Waals, s"", and polar electron donor, s, and electron acceptor, s,
components of the solid surface free energy can be calculated, if the components M and [T oof the
liquids are known. In order to determine the solid surface free energy components at least three liquids, one
apolar completely spreading liquid and two polar liquids, must be used for wicking. Experiments were carried
out in the same way as recommended by Grancari¢ et al. [16]. For every fabric sample ten measurements
were made at 20+1 °C. From wicking distance of n-heptane as an apolar completely spreading liquid and
water and formamide as polar non-completely wetting ones, components of surface free energy were
calculated. Afterwards, the work of spreading, Ws was calculated according to:

Ws =272 v +2\yivi = 2v57 =27, (5)

Hydrophilicity of cotton fabrics was determined according to drop test, vertical and horizontal wicking
methods. In Drop test (AATCC 79-2010 - Absorbency of Bleached Textiles) is allowing a drop of water to fall
from 1 cm height on the taut surface of cotton sample. Time necessary to spread into fabric is measured.
Fabric is hydrophilic if the time is < 3 s. According to standard vertical wicking test DIN 53924 (1997-03)
Bestimmung der Sauggeschwindigkeit von textilen Flachengebilden gegeniiber Wasser (Steighbhenver-
fahren) (Testing of Textiles; Velocity of Soaking Water of Textile Fabrics (method by Determining the Rising
Height)) the lower edge of a sample with dimensions of 25.0 by 2.0 cm was placed 1 cm vertically in the
vessel with water. The wicking length in 120 s was measured. In horizontal wicking test according Chibowski
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[18] a procedure is similar to a vertical test but a cotton strip was placed under the small angle (8°) in the
closed chamber ousted for planar chromatography.

RESULTS AND DISSCUSSION

Raw cotton possesses a hydrophobic nature due to its impurities that should be removed in order to achieve
an absorbency of cotton materials necessary for further textile processing. The influence of pre-treatment
procedures often damages the cotton cellulose. Therefore the fabric quality was determined through the
breaking force, and elongation, the whiteness and yellowness, as well as weigth loss. The mechanical
damage of cotton cellulose, which corresponds to the reduction of the breaking load, was calculated. The
results are shown in Figure 1 and Tables 2. The hydrophilicity was measured according to vertical, horizontal
and Drop test of raw, scoured and bio-innovated cotton fabrics. The results are collected in Tables 3.

Table 2: Weight loss, breaking force (F), breaking elongation ( ), and mechanical damage (Um) of raw,
scoured and bio-innovated cotton fabrics

Fabric Weigth loss [%)] F [N] [%] U, [%]
R 0 565 12.3 0
ED 1.2 551 13.8 2.48
AS 10.3 470 14.0 16.81
ESAP 1.8 500 18.0 11.50
ESNP 2.0 515 17.2 8.85
ESC 1.7 425 17.0 24.78
ESCAP 1.9 445 16.0 21.24
ESCAP 35,1 ESCAP 13,3
ESC 29,7 ESC 15
ESNP 42,2 ESNP 11,9
ESAP 31,1 ESAP 14,8
AS 47,3 AS 9,1
ED 19,2 ED 27,1
R 116 R 33,2
[
0 10 20 30 40 50 0 10 20 30 40 50
Woee Yl
a b

Figure 1: Whiteness according to CIE (a), and Yellowing Index (b) of raw, scoured and bio-innovated cotton
fabrics

After mechanical removal of sculls, seeds, and dust, raw woven fabric contains starch applied to obtain a
high productivity during weaving. The warp threads are covered with a protective film the so-called size
which makes the warp threads more resistant to mechanical treatment during the weaving processes and
decreases the number of warp thread breaks. Starch is carbohydrate consisting of three different polymers,
the amylose, the amylopectin and a so-called intermediate fraction considered also as abnormal amylopectin
and water (approx. 20 %), which has to be removed before further processing. Amylose is the linear
composition is called a 1.4 glucosidic compound. Amylopectin consists of amylose, and apart from 1.4-
glucosidic linkages, the presence of 1.3- and 1.6- glucosidic linkages are possible as well. An average the
part of amylopectin is 70 — 80 %, but depending on the kind of starch, the part of amylopectin might be up to
99 %. After the removing added impurities, raw fiber is mostly cellulose; while natural impurities such
pectine, waxes, fats, organic acids, ash, vitamin B, sugars, proteins, mineral substances etc. still remain. All
these impurities are mostly in the cotton primary wall, which is responsible for the lack of water absorbency
of the fiber in the various aqueous processing baths. As it can be seen from Tables 2 and 3 and Figure 1,
raw cotton (R) is highly hydrophobic and yellow, therefore, desizing and scouring are needed [1-13].
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Table 3: The hydrophilicity according to vertical, horizontal and Drop test of raw, scoured and bio-innovated
cotton fabrics

Fabric Vertical test Horizontal test Drop test
[cm in 120 s] [cm in 120 s] [s]

R 0 0 > 60 min

ED 1.20 2.05 5

AS 3.45 5.55 1

ESAP 1.95 3.40 2

ESNP 4.15 4.20 1

ESC 1.40 3.75 1

ESCAP 2.80 4.00 1

In this paper starch splitting enzyme ( -amylase) was applied to desize starch sized woven fabric. -
amylase only split 1.4-glucosidic linkages, and cannot split 1.3- or the 1.6-gluosidic linkage of amylopectin.
However, -amylases irregularly split the 1.4-glucosidic linkage inside the starch molecule. Among others
fragments which are soluble in water like dextrin and oligosaccharide are formed. The complete degradation
of starch to maltose is not necessary, because already bigger decomposition products are soluble in water.
From the results in Table 2 for enzymatic desized cotton fabric (ED) it can be seen the amylases are highly
efficient to degrade starch without damaging the fibers. Weight loss is 1.2 %, and mechanical damage less
than 2.5 %. Removing the starch, whiteness increases, whilst yellowness decreases accordingly (Figure 1).
From Table 3 can be seen that by removing starch in enzymatic desizing results in hydrophilic fabric.

Considering fiber damage usually analyzed by weight loss and breaking force. It is evident from Table 2 that
pectinase scoured fabrics (ESAP, ESNP) have significantly lower weight loss and mechanic damage, and
higher breaking force than alkaline scoured fabric (AP), regardless of alkali or neutral pectinase usage.
Pectin is composed of the homologous pectin, the polygalacturon acid on the one hand and on the other
hand of the heterologous part, the rhamnogalacturonan, which is bound at the rest of the rhamnosyl residue
irregularity with arabinan, galactan, and many other compounds, mostly polysaccharides. As the pectin on
cellulose fibres is a complex mix of different substances which forms an interlaced net structure difficult to
solve in water, and holding fats and waxes, it was important to degrade the pectin net structure in order to
obtain bioscoured cotton with a good hydrophilic effect. A complete degradation was not necessary because
the fragments of the complex structure were soluble in water and were washed off. Therefore, the weight
loss of all bio-innovated fabrics was around 2 % whilst for alkaline scoured one cotton was higher than 10 %.
That is because only the pectin was degraded with pectinase application. It is to point out that bioscouring
with neutral pectinase is better than with alkali one because those scoured fabrics are less damaged. The
reason for that is in that scouring with alkali pectinase was performed in alkali medium. Although expected
higher negative mechanical changes, pectinase treated fabrics showed good properties. Cellulase treatment
led to lower breaking force, and little bit higher mechanical damage (around 20 %) what was expected
because cellulase degrades cellulose.

Whiteness is a very important criterion for assessing the effects achieved in bleaching, and it has been
related to the process of scouring. The aim of scouring is to achieve hydrophilic and minimal damage to the
cotton fabric having satisfactory whiteness. It is evident from the results for whiteness (W¢g) presented in
Figure 1a that the removal of genetic and added impurities such are waxes, protein substances, pectin, and
others during alkali scouring, to enhanced whiteness. Bioscouring degraded only the pectine, therefore the
whiteness of the bioscoured cotton was less enhanced than the whiteness of the alkali scoured one.
Bioscoured cotton with neutral pectinase (ESNP) has a little bit higher whiteness than bioscoured with alkali
pectinase (ESAP), and almost good as alkaline scoured fabric (AS). On the other hand, cellulase application
(ESC) results in lower whiteness than other enzymes, but in combination with alkali pectinase (ESCAP)
gives off good results. Analogue to whiteness increment, yellowing index decreases (Figure 1b).

The results of wicking according to the horizontal test shown in Table 2 indicate that the raw cotton fabric (R)
is completely hydrophobic. The rate of water penetration to differently scoured cotton fabrics is noticeable.
Water penetration is faster on bioscoured cotton fabrics with neutral pectinase (ESNP) than on the alkali one
(AS). These results indicated that a high absorbency is not only property for achieving of sufficient uptake of
dyestuff and finishing agents. In this case, high cotton absorbency can be an indication of fiber damage.
Wicking distance for alkali pectinase and cellulose is little bit lower, but still indicating hydrophilic surface.
The wicking behaviour of the cotton fabrics evaluated by vertical and horizontal tests was similar but less
prominent.
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Since the hydrophilicity was improved, the surface free energy and work of spreading were calculated. The
values of surface free energy components of the studied fabrics were calculated from the results of the liquid
penetration rates (Figure 2) according to Chibowski thin-layer wicking method.

100

t [s]

75 1

75 100
x2 [cm?]

Figure 2: Liquid penetration rates into enzymatic desized fabric: -O- n-heptane, -A- water, -[J- formamid;
precontacted fabrics with liquid saturated vapour: -@- n-heptane, - A- water, -l- formamid

Figure 2 show plots of the liquid penetration rate into enzymatically desized cotton fabric, ED. Since
Washburn equation (3) is only valid if the squared penetrated distance, x°, is a linear function of the time, ¢, it
is presented just those parts of plots where linear relationship was obtained. According to the Washburn
equation, the higher the penetration rate, the lower the slope of plot. It can be seen from figure that the liquid
penetration rate depends on the liquid properties as well as on the fabric preparation. The highest
penetration rate is obtained for n-heptane and the lowest one for formamid irrespective of the fabric
preparation. It is also evident that the liquid wicking velocity into the bare fabric differs from that obtained for
the pre-contacted one. Since the bioinnovated cotton fabrics are highly wettable by all studied liquids, n-
heptane is the only wicking liquid in the case of the hydrophobic fabric R.

The values of surface free energy components of all studied fabrics, which are calculated from the results of

the liquid penetration rates, as well as work of spreading, are collected in Table 4.

Table 4: Surface free energy components and Work of spreading of the raw, scoured and bio-innovated
cotton fabrics determined from the thin-layer wicking experiments

. LW - + AB TOT W.
Fabric g 2 S 2 S 2 S 2 S 2 S 2
[mJ/m?] [mJ/m?] [mJ/m?] [mJ/m?] [mJ/m?] [mJ/m?]
R 48.00 0 0 0 48.00 -80.90
ED 47.02 51.91 0.37 8.80 55.90 -2.58
AS 37.31 84.60 0.54 13.52 50.83 11.75
ESAP 39.02 54.23 1.53 18.22 57.23 -0.40
ESNP 71.98 45.70 0.11 4.41 76.39 5.19
ESC 35.12 74.95 0.15 6.66 41.78 1.06
ESCAP 42.35 65.78 0.50 11.47 53.82 4.22

The cotton fibres immersed in a neutral aqueous medium, as most of the textile fibres, have negative surface
charge due to the presence of the existing hydroxyl or carboxyl groups. In the case of raw (untreated) cotton,
hydroxyl and carboxyl groups existed but they were covered by non-cellulose compounds (proteins, ails,
waxes, pectin, carbohydrates and inorganic materials, etc.). Therefore, the raw cotton fabric is highly
hydrophobic, with s™V equals to its total surface free energy, . The scouring degrades and removes
practically all non-cellulose compounds except waxes, which remain to about 50% on the fiber, making
available and cause the formation of new surface groups (-CO, -CHO and —COOH) [19]. It causes inter-
fibrillar swelling and the active surface is increased, but the amount of dissociable groups stays the same.
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Therefore, fabric desizing and scouring results in the high increase of the g value, but does not have a
significant effect on the increase of s'. This suggests that bioinnovated cotton fabrics can be described as
monopolar surfaces with a strong electron donor capacity which arises from existing hydroxyl or carboxyl
groups. From the Table 4 it is clear that the s value of the alkali scoured fabric is much higher than the
bioinnovated ones, indicating a higher degree of purity and hydrophilicity. However, treatment with neutral
pectinase showed the best results, having highest s'°" value of all bioinnovated fabrics, as well as
instantaneous water penetration. These results are in good correlation with wicking hydrophilicity test shown
in Table 2.

Surface free energy components makes possible to calculate fabric wettability by work of spreading (Ws). It
is evident that raw fabric has high negative value (-80.9 mJ/m2) because it is highly hydrophobic. Therefore,
high amount of energy is necessary for the wetting this fabric. Pretreated fabrics are hydrophilic and for their
wetting lower energy is required. Degradation of impurities in desizing and scouring enhance fabric wetting.
It can be seen that work of spreading of alkali scoured fabric is positive. Bioscouring with alkali pectinase
leads to Ws almoust equal to zero indicating energy needing for its wetting. However, bioinnovated cotton
fabrics with neutral pectinases and cellulase have very similar work of spreading as the alkali scoured one,
indicating that no energy is required for wetting. If applied alkali pectinase with cellulase, the positive Ws is
reached as well, so it can be said that bioinnovation of cotton results in great wettability and hydrophility.

CONCLUSIONS

In this paper the research was focused on the application of amylase, alkali and neutral pectinase, and
cellulase for the bio-inovation of cotton cellulose. The influence of bio-innovation of the plain woven cotton
fabric to its surface free energy, as well as its hydrophilicity, wetting and whiteness, was discussed.

Bio-innovative pretreatment processes of cotton fabrics cause the change in the textile surface properties

resulting in a great change of its surface free energy. Raw as untreated cotton is apolar with sV equals to

its total surface free energy, s'°"; and therefore highly hydrophobic. The bio-innovation of cotton results in

the high increase of the ¢ value, but does not have a significant effect on the increase of ', suggesting
that the bio-innovated cotton fabrics can be described as monopolar surfaces of strong electron donor
capacity. The hydrophilicity of the bioscoured cotton fabric was improved but loos still less than the alkali
scoured fabric that showed instantaneous penetration In this case, high cotton absorbency can be an
indication of fiber damage.. However, bio-scouring with pectinases do not damage cotton fibers resulting in
great wettability and hydrophility. This confirms the importance of the enzymatic treatment in cotton pre-
treatment and finishing.

When considering the hydrophilicity and whiteness, as well as from the ecological point of view, it is to
conclude that the use of neutral pectinase was of benefit as there was no need for neutralisation of the
wastewaters.
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STRUCTURAL ANALYSIS AND MECHANICAL PROPERTIES OF
POLYPROPYLENE FILAMENT YARNS CONTAINING FLAME
RETARDANT ADDITIVE
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Abstract: Especially in recent years, filament yarns have gained various functional properties such as
UV-resistance, flame retardant (FR), anti-bacterial properties, etc. One of the most preferred methods for
production these types of products is adding micro- and nano scale additives to polymer raw material in the
chip form during production. As a result, end products with unique properties are produced by using this
method for different areas of use. However, in addition to these unique properties, structural and mechanical
properties (tenacity, breaking elongation, unevenness etc.) are important. Also, these important features
should be at specific values for the production of high quality filament yarn. Purpose of this study is to
analyse basic structural and mechanical properties of polypropylene (PP), flame retardant yarns that are
produced using additives.

Keywords: Polypropylene filament yarn, mechanical properties, flame retardant (FR), SEM and EDX
analysis.

INTRODUCTION

Synthetic filament yarn production plays an essential role within the textile industry. Thanks to the Research
& Development and Production & Development studies that have been conducted on these products
especially in recent years, filament yarns have gained many functional properties. On the other hand, in
addition to these unique properties, structural and mechanical properties such as tenacity, breaking
elongation, unevenness etc. are also important. Especially when SEM analysis results of filament yarns are
examined, particles on the yarn surface are determined indicating that the additive cannot be evenly
distributed to the yarn structure. These particles of various sizes are distributed along the yarn surface and
cause agglomeration by clustering to each other. As a result of the research literature, we can see that
increase of studies in this area in recent years.

In this field, a study carried out in 2010 by Erdem, et al. have shown that surfaces of PP fibres are even and
smooth while others that include nano-particle additives have uneven surfaces, based on SEM images of
filament yarns. Moreover, it has been observed that unevenness that are situated along the fibre surface
increase with the increasing rate of nano-particle additives [1]. Also, a study carried out in 2011 by Salalin, et
al., flame retardant microcapsules have been prepared by in-situ polymerization and mixed into a PP matrix
and, using these produced multi-filaments, they have been processed flame retardant knitted fabrics. Tests
performed later on have shown that knitted fabrics had obtained desired unique properties. On the other
hand, other test studies have demonstrated an important increase in the interfacial tension caused by the
presence of particles between microparticles and the isotactic PP matrix and these results have been
supported by SEM analysis images [2]. These studies display that even though using additives successfully
produce the products with desired properties, they cause other undesired negative effects on the structural
and mechanical properties (such as tenacity, breaking elongation, unevenness, etc.) of the products. For
example, a study carried out in 2010 by Selver, nano-particle added PP monofilament yarns have been
produced and tenacity test results of these yarns have been examined. Results have shown that
nanoparticle agglomerations have a negative effect on filament yarn tenacity [3].

When these studies are examined, it is seen that use of additive materials affect the product structural and
mechanical features. In this study, we present the preparation of polypropylene filaments incorporating micro
particles and investigate the effects of these particles on mechanical properties (tenacity and breaking
elongation) of the filament yarns.
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EXPERIMENTAL
Material

Polypropylene (PP) filament yarns which have an important place and many application areas of use among
synthetic yarns, has been used as material of this study. These yarns have been produced by using PP
polymer chips and FR additive material as an experiment.

The base polymer used was a commercially available isotactic polypropylene homopolymer grade (PP 518P)
supplied in pellet form, with a Melt Flow Index (MFI) of 24 g/10 min (230°C, 2.16 kg load) and a density of
905 kg/m3. Also, organo-phosphonate based micro particles have been used for the production of the flame
retardancy filament yarns.

Method

PP filament yarns have been produced according to melt spinning principle by using a laboratory type
filament yarn machine (Figure 1). The PP polymer chips and FR additives were fed into the hopper
consisting of a single-screw extrusion system. The heating along the screw was adjusted to obtain a
temperature gradient from 220°C to 245°C and a volumetric pump regulated the injection of molten polymer
towards the dies at a flow rate of 350 cm® per minute. Then, the filaments were air cooled and spin finish
was applied on the filaments before their passage in the drawing godets. Then filaments were drawn by
means of heated godets before being wound. The speeds of the two godets serve to adjust the drawing
ratio: the first godet speed was set at 400 rpm, whereas the second one was set at 800 rpm, giving a
drawing ratio of 2. Finally, the filament yarns were wound on a cheese package. In addition to, during the
production process, all other parameters except for the factors whose effects were aimed to be investigated
(ratio of additive material) were kept constant. The filament yarns obtained consisted of 144 individual
filaments and linear density of these yarns 918 denier. Also, these yarns have round cross-sectional shape.
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Figure 1: Laboratory type filament yarn machine views used for production [4]

Filament yarn samples were conditioned for 24 hours at 20°C+2 temperature and 65+2% relative humidity,
which are the standard atmospheric conditions. After, tenacity-elongation and unevenness tests were
applied on PP filament yarns which were taken as basis of the study. Tenacity-Elongation tests were carried
out with Uster Tensorapid-3 test device according to BS EN ISO 2062, 1995 test standard and unevenness
tests were carried out with Uster Unevenness Measurement device according to DIN 53817-1 test standard
[5, 6]. Additionally, the surface morphology of filament yarns were investigated with the help of a Scanning
Electron Microscope-SEM (Jeol JSM-6390 LV) at voltage of 20 kV. Furthermore, results have been
supported by Energy Dispersive X-ray Analysis (EDX) analysis. As a result, structural and mechanical
properties of yarns were examined and the results were interpreted.

RESULT AND DISCUSSION

Based on the results of the study, filament yarn products have been concluded to have desired flame
retardant properties. As a result of flammability tests, the LOI values of all phosphorus-containing PP knitted
fabrics were determined between 25% and 30%. On the other hand, some differences in the properties of
the produced yarns such as tenacity, breaking elongation, unevenness have been observed and surface
images of these yarns have been examined using SEM analysis. SEM images of the surface morphology of
pure PP and FR added PP filament yarns and effect of FR additive ratio on yarn tenacity (cN/tex) and
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breaking elongation (%) values are given in Table-1. As seen, all the important properties of yarn samples
have been evaluated during the experiment. Here only yarn tenacity and breaking elongation features are
considered as an indication parameters of evaluation in this study.

Table 1: SEM (longitudinal) observations and mechanical properties of PP filament yarns

Breaking Intermingling

Sample SEM Pictures -I(-sl:/atzl)g Elongation Uster (iz;:;n (Number of nips
(%) (%) o per meter)
PP 22,8 28,4 5,94 7,49 10.1
Filament
Yarn
23,6 28,4 5,29 6,63 10.2
1% FR
23 27,4 5,45 6,88 11.0
2% FR
22,5 26,7 5,60 6,95 8.9
3% FR
22,7 27,3 5,98 7,53 10.1
4% FR
22,8 26,2 5,95 7,41 9.7
5% FR
23,4 26,6 5,37 6,64 10.0
6% F.R.
23,7 28,7 5,97 7,50 12.0
7% FR
22,5 26,6 6,17 7,63 9.2
8 % FR
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Table-1 indicates that PP filament yarn without additives has an even and smooth surface structure while
filament yarns with additives show particle agglomerations along their surfaces. Also, chemical analysis of
particles was performed with EDX. As a result, these particles have been identified as FR additive's
elements by using EDX.

The results obtained from the tenacity and breaking elongation tests applied onto PP filament yarns have
been graphically shown in Figures 2 and 3.
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Figure 2: Effect of ratio of flame retardant additives on PP filament yarn’s tenacity (cN/tex)

As seen that PP filament yarns produced with 3% and 8% FR additive have the lowest tenacity values while
yarns with 1% and 7% FR have high tenacity values. Also, yarn produced with 5% FR has the lowest
breaking elongation value while 7% FR added yarn has highest breaking elongation value. In addition to, it is
seen that the increase in amount of crystalline region enabled yarns to have a higher tenacity, as expected.
For example, the amount of crystalline regions of PP filament yarn (38,7%) is less than other filament yarns.
Also, tenacity value of this yarn (22,8 cN/tex) is lower than other yarns.

Furthermore, when filament yarn SEM images in the Table-1 and tenacity test results given in the graph are
examined together, it can be concluded that FR added filament yarns that show more agglomeration along
the surface have lower tenacity values (3% and 8%) while more even yarns have higher tenacity values (1%,
6% and 7%). Reduction of tenacity values is mainly due to agglomeration of flame retardants. Since particles
on surface of yarns can cause the formation of voids, these voids act as a crack initiator under the load.
Besides, breaking elongation results of yarn have also changed depending on surface features.

The effect of ratio of FR additive variables on the unevenness of yarns was also investigated. According to
the % Uster test results, %Um values of the yarn were determined between 5% and 6%.
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Figure 3: Effect of ratio of flame retardant additives on PP filament yarn’s breaking elongation (%)
CONCLUSIONS

This study shows that in addition to functional properties, structural and mechanical properties such as
tenacity, breaking elongation, unevenness etc. are also important for functionalized filament yarns. Hence,
these important properties should be at specific values for the production of high quality filament yarn. In this
study as a result of flammability tests, the LOI values of all phosphorus-containing PP knitted fabrics were
determined between 25% and 30%. However, some differences in the properties of the produced yarns such
as tenacity, breaking elongation, unevenness have been observed and surface images of these yarns have
been examined by using SEM analysis. When filament yarn SEM images and tenacity test results given are
examined together, it can be concluded that FR added filament yarns that show more agglomeration along
the surface have lower tenacity values (3% and 8%) while more even yarns have higher tenacity values (1%,
6% and 7%). Reduction of tenacity values is mainly due to agglomeration of flame retardants. Since particles
on surface of yarns can cause the formation of voids, these voids act as a crack initiator under the load.
Also, chemical analysis of particles was performed with EDX. According to this test results, these particles
have been identified as FR additive's elements. Besides, breaking elongation results of yarn have also
changed depending on surface features. According to the % Uster test results, %Um values of the yarn were
determined between 5% and 6%.
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PARTICLE DOPED POLYPROPYLENE FILAMENTS
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Abstract: The production process and structural characterization of jute particle doped polypropylene
filaments were considered in this paper. Prior to compounding, surface modification of jute was also carried
out with alkali, silane coupling agent, fluorocarbon based agent and also argon plasma. Modified jute
particles and maleic anhydride grafted polypropylene as a compatibilizer were incorporated into
polypropylene in a twin-screw extruder and then master-batches were converted to polypropylene multi-
filaments in lab-scale melt spinning machine. 100% polypropylene and composite multi-filaments were
characterized by fourier transform infrared spectrometer, thermo-gravimetric analyzer, differential scanning
calorimeter, and X-Ray diffractometer. Fiber tensile tests and moisture contents were also studied.
Distributions of fillers along the composite filaments were detected by fluorescence microscopy. The
analyses showed the addition of both modified jute particles and MAPP had no significant effects on
crytallographic structure of the polypropylene due fto the low content fillers. On the other hand, the presence
of fillers caused an increment in the moisture absorption of the composite filaments. TGA analysis also
pointed out that the polypropylene filaments achieved the maximum moisture absorption with the addition of
alkali treated jute particles.

Keywords: polypropylene, composite filament, jute, characterization

INTRODUCTION

Textile fibers are commonly used as apparel, upholstery, and carpets [1]. Among the textile fibers,
polypropylene (PP) is a well-known and one of the most widely used man-made fibers. Recent trend towards
textile products of polypropylene have been focused on to its easy processing property, low density,
excellent chemical stability and also low cost. However, PP fibers have very poor water and moisture
absorption properties. Thus, it is necessary to apply modifications to the PP fibers for some applications.
Fibers can be modified physically or chemically. Physical modifications include changing the cross section
shape of the filaments in spinning process by means of increasing surface area of the filaments. Several
researches were reported on the effect of fiber cross section shape on various properties of fibers such as
water absorption, compressibility, surface characteristics [2-5]. On the other hand, PP fibers can be also
modified chemically by graft polymerization, finishing treatments and incorporation of a various additives or
fillers (organic or inorganic) in molten PP during extrusion process [2, 6-8]. Among these techniques,
composite filament production method by doping fillers to polymers becomes even more important recently.

In this study, polypropylene composite filaments doped with modified jute particles were manufactured and
structural characterization of these filaments were studied. Prior to compounding, jute particles were
modified with several surface treatments to enhance compatibility with PP and to provide homogeneous
distribution of jute particles along the filament. It is well known that PP has no side groups that cellulose
based particles could be attached to. Previous related scientific literature confirmed that surface treatments
of cellulose based fibers enhanced the interaction with non-polar polymer [9-11]. Therefore, jute fibers as in
particle form were treated with alkali (as a pretreatment process) (AJ), silane coupling agent (ASJ),
fluorocarbon based agent (AFJ) and also exposed to argon plasma modification (APJ). PP master-batches
containing 0.5% wt modified jute particles and 5% wt maleic anhydride grafted polypropylene (MAPP) as a
compatibilizer agent were manufactured and then spinning process of multi-filaments were carried out. 100%
PP and composite multi-filaments were characterized by fourier transform infrared spectrometer (FTIR),
thermo-gravimetric analyzer (TGA), differential scanning calorimeter (DSC), and X-Ray diffractometer (XRD).
In addition to these analyses, tensile tests, color measurements, and determination of moisture absorption of
the multi-filaments were also studied. Moreover, distributions of fillers along the composite filaments were
detected by fluorescence microscopy.
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EXPERIMENTAL
2.1. Materials

Waste jute yarns supplied from Atlantik Hali A.$ were used as filler materials. The contents of cellulose,
hemicellulose, lignin and the others constituents of the jute yarns were determined as 69.6%, 10.2%, 12.5%
and 7.7%, respectively [12]. Sodium hydroxide and ethanol were purchased from Merck Corp. 3-aminopropyl
triethoxysilane was supplied from ChemCruz Biochemicals. Fluorocarbon chemical agent (Rucostar EEE)
was provided from Rudolf Group. Polypropylene was supplied from Hellenic Petroleum with the trade
number of HZ40S for fiber spinning. Maleic anhydride grafted polypropylene (MAPP) used as a
compatibilizer was purchased from Sigma Aldrich.

2.2. Methods
2.2.1. Preparation of jute particles

Waste jute yarns were grinded in Retsch Cutting Mill SM 100 grinder by using a sieve having holes in
250um. In order to reduce the size of the jute particles, they were exposed to grinding process again in
Fritsch Pulverisette 7 grinder at the speed of 850rpm for 20min.

2.2.2. Surface treatments of jute particles

Jutes were treated with 5% NaOH aqueous solution for 2h at ambient temperature. The jutes were rinsed out
with distilled water several times to remove the chemical residues and then neutralized with distilled water
with few drops of acetic acid. After treatment, jutes were oven-dried at 60°C until it dried and then kept in a
desiccator [13, 14]. It should be mentioned that alkali treatment was performed as a pretreatment process for
surface cleaning before plasma modification, silane and fluorocarbon treatments.

Subsequent to alkali pretreatment, silane treatment was carried out to modify the jutes to achieve less
hydrophilic surface character. Before treatment, silane coupling agent was hydrolyzed in water/ethanol
solution (60/40 v/v) with the addition of concentrated acetic acid to adjust pH4 and continuously stirred for
1h. Then, jutes were immersed in 5% w/w silane hydrolyzed solution for 3h at ambient temperature. The
jutes were washed with distilled water several times to remove the chemical residues. The treated jutes were
dried in ambient temperature for 3 days and then oven dried at 80°C [15].

After alkali pretreatment, 50g/L fluorocarbon based compound was added in the padding liquor for
fluorocarbon treatment of jutes. The jutes were immersed in the padding liquor for 3min. After washing
several times, the jutes were oven-dried at 170°C for 2h.

After alkali pretreatment, the jutes were plasma modified in PICO RF (radio frequency) plasma
polymerization system (Diener electronic GmbH+Co.KG, Germany). The jutes were modified with argon
plasma (discharge power, 90W) for 15min.

2.2.3. Preparation of polypropylene composite masterbatches

PP, MAPP and jute masterbatches were compounded at various ratios (Table 1) by using a laboratory scale
twin screw melt extruder. Prior to extrusion process, all compounds in powder form were mechanically
mixed, dried and then melt blended in the extruder at a 170rpm screw speed. The temperatures from feeder
to spinneret hole including six extrusion zones were set at approximately 190°C. After extrusion, the
compounded material was cooled down and pelletized as granules with the aforementioned concentrations.

2.2.4. Spinning of polypropylene composite multi-filaments

The polypropylene composite masterbatches were fed into a lab scale melt spinning machine having single
screw extruder with two spinning nozzles in circular cross sections in order to spin multi-filaments. The
temperatures from feeder to spinneret hole were including six extrusion zones in the range of 205-215°C.
The extrusion speed and the extrusion pressure were set as 14dpf and 80bar, respectively. A draw ratio of
3.25 was applied to all samples by setting the speeds of the first and the second godet rolls at 200rpm and
650rpm, respectively. The temperatures of the first and the second godet rolls were set as 105°C and 115°C,
respectively. Components of the composite filaments are detailed in Table 1.
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Table 1. Components of the composite PP granules and multi-filaments

Jute particle, wt % Type of jute particle MAPP, wt % Pure PP, wt %
PPO 0 None 0 100
PP1 0 None 5 95
PP2 0.5 Alkali treated (AJ) 5 94.5
PP3 0.5 Alkali+silane treated (ASJ) 5 94.5
PP4 0.5 Alkali+fluorocarbon treated (AFJ) 5 94.5
PP5 0.5 Alkali+plasma modified /APJ) 5 94.5

2.2.5. Characterization of the polypropylene composite filaments

The percentage crystallization of the polypropylene filaments was analyzed by using Perkin Elmer/Pyris 1
Differential Scanning Calorimeter (DSC) under nitrogen atmosphere. The temperature raised from 0°C to
200°C at heating and cooling rates of 20°C/min. The percentage of crystallinity was calculated using the
melting enthalpy by following formula:

% Crystallinity = ( Hy/ Hp®) x 100 (1)

where H,, is the melting enthalpy of the PP analyzed in this experimental study, H,° is assigned to the
melting enthalpy of 100% crystalline PP, 207J/g [16].

The fine structure of polypropylene filaments were investigated by X-Ray diffractometer (XRD) using XRD
Rigaku D/Max 2200 PC using Cu-Ka radiation and operating at 40 kV and 36 mA. The diffraction angles (20)
of each sample were measured from 3° to 90° at a scan speed of 4°/min. The thermal decomposition of
polypropylene filaments was studied by Thermogravimetric analysis (TGA) using Perkin Elmer Diamond
TG/DTA instrument under nitrogen atmosphere (10 mLmin™") from 25°C to 600°C at a rate of 10°C min™. The
polypropylene filaments were also characterized by Fourier transform infrared spectrometer (FTIR) analysis
using Perkin Elmer Spectrum BX. Each spectrum was recorded in the range of 400—-4000 cm™ with a
resolution of 2 cm™.

Longitudinal views of composite filaments were taken by using Olympus BX 43 Fluorescence microscope for
tracking the jute particles. The breaking strength, elongation at break and tenacity of the polypropylene
filaments were determined by single fiber tensile test using Instron Tensile Testing Machine according to
ASTM D 3822-07. The cross head speed and the gauge length was kept as 60 mm/min and 25mm,
respectively. Moisture absorption performances were tested in order to investigate the effect of jute particles
and MAPP on moisture absorption behavior of the polypropylene filaments. Before testing, each sample for
all types of the PP filaments having a mass of 0.5g was dried at 60-C for 1h in an oven. Then, each sample
which was put in a closed weighing bottle, was taken to the constant temperature and humidity room (the
temperature is 20+2-C, and the humidity is 65+2%). The weighing bottles were opened and the samples
were weighed for every 5 minutes until the filaments were reached to moisture absorption balance [17]. The
colour measurements of the polypropylene filaments were performed by Minolta 3600D CM
spectrophotometer (D65 illuminant, specular included, 10° observer angle). The spectrophotometer having a
software that could calculate CIEL*a*b*C*h°. The software also gives data about colour strength (K/S) values
from the reflectance values at the appropriate An.x for each filament sample.

RESULTS AND DISCUSSION
3.1. DSC analysis

Table 2 lists the results of thermal analyses obtained by DSC and the crystallinity percentage values of the
polypropylene filaments. DSC analysis resulted that melting temperature of PPO is higher than that of PP1
which may be due to deterioration in polymer chain orientation as a result of the compatibilizer [16].
However, the melting temperatures of the PP filaments incorporated with the modified jute particles are
higher than that of PP1. This may be due to the nucleating agent effect of the jute particles. The changes in
the melting (AHmetting)) @nd crystallization (AH qrystaiization) ) €nthalpies of the PP filaments confirm the thermal
demonstration of the components during crystallization, as well as the interaction between PP, the
compatibilizer and the jute particles in creating the supermolecular structure of the polypropylene filaments
[18].
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Table 2 Calorimeric data of the PP filaments

Melting Crystallization

temperatu re temperature CrySta"inity AH(melting) AH(t:rystallization)

(OC) (OC) (%) (Jlg) (J/g)
PPO 163.77 112.94 38.46 79.61 -85.10
PP1 161.40 111.60 38.83 90.38 -86.87
PP2 163.08 111.93 38.32 79.33 -86.00
PP3 164.07 114.33 39.50 81.77 -88.48
PP4 163.07 112.62 37.31 77.24 -81.78
PP5 162.07 112.29 38.08 78.83 -82.71

3.2. XRD analysis

Figure 1 illustrates XRD patterns of the polypropylene filaments. It is determined that the diffraction peaks of
the crystals which ranged from 10° to 30°, indicated a typical form of PP crystals [7]. The diffraction peaks
of the PP filaments observed at around 14°, 17° and 25° correspond to (110), (040) and (060)
crystallographic planes, respectively [19]. It is noticed that the PP filaments exhibited similar diffraction
patterns. This may be due to the low content of jute particles and the compatibilizer agent.
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Intensity (CPS)
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26 (degrees)

Figure 1. XRD pattern of the PP filaments
3.3. TGA analysis

TGA was carried out to evaluate thermal stability of the polypropylene filaments as well as the effects of the
jute particles and the compatibilizer on the PP. Figure 2 shows TGA thermograms and Table 2 lists mass
losses of the PP filaments until several temperatures. The single degradation step for both of the PP
filaments confirms that the polymers are composed of the carbon-carbon bonds in the main chain, thereby
allowing a temperature increase to promote random scission, with associated thermal degradation and
thermal depolymerization taking a place at a weak part of the polymer main chain [20].

As easily figured out from Table 2 that no mass loss was recoded until 120°C for PPO due to their highly
apolar character. But PP1 (having 5% MAPP) was observed to lose 0.22% of its mass until 120°C which can
indicate its moisture content. Futher, the addition of AJ particle increased the weight loss of PP2 until this
temperature due to the presence of highly polar alkali treated jute particles. But PP4 and PP5 are noticed to
have no moisture content. These may be due to the application of fluorine groups by fluorocarbon treatment
and reduction in hydrophilic groups of jute particles by argon plasma modification.

Close examination of the thermogravimetric results that the temperatures which PP0O, PP1, PP2, PP3, PP4
and PP5 filaments lose 50% of their masses are 455°C, 448°C, 441°C, 432°C, 458°C and 427°C,
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respectively. It is figured out that the addition of MAPP and AJ, ASJ and APJ particles negatively influenced
the thermal stability of the PP filaments. The jute particles may agglomerate and act as impurities in the PP.
But the improved thermal stability of PP4 might be due to enhanced interaction occurred between the jute
particles and the PP.
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Figure 2. TGA curves of the PP filaments

Table 2. Percentage mass losses until several temperatures according to TGA analysis of the PP filaments

Temperature (°C)

120 250 375 450 500 600
PPO 0 0 1.8 36.5 97.81 100
PP1 0.22 0.56 4.26 57.01 98.88 100
PP2 0.7 0.98 7.59 66.53 99.3 100
PP3 0.57 1.37 9.43 82.07 100 100
PP4 0 0.23 1.4 33.84 97.56 100
PP5 0 0.64 10.90 87.99 91.86 91.49

3.4. FTIR analysis
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Fourier transform infrared spectroscopy was utilized to identify various functional groups that emerged in the
samples, as well as the disappearance of determinate groups [16]. Figure 3 shows FTIR spectra of the PP
filaments. It is determined that the spectrums of the PP filaments are very similar to each other. A peak was
obtained at the 2 951 cmabsorption band assigned to asymmetric CH; and the other peaks at 2,918 cm”
and 2,838-2,839 cm™' concern with asymmetric and symmetric CH, stretching V|brat|ons respectively [21].
The C=C bending vibrations which are in the region of about 1,300-1,400 cm are overlapped with the
symmetrical and asymmetrlcal bending vibrations of CH3 in the PP at 1,374 cm’ 'and 1,456 cm™' , respectively
[22] The band at 1,102 cm™ may be attributed to C-C and C-H deformations. The absorption band at 998
cm’is assigned to the characteristic crystalline band of PP [23].
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Figure 3. FTIR spectra of the PP filaments

3.5. Longitudinal views of PP composite filaments

To track the distribution and homogeneity of jute particles throughout the PP composite filaments, an optical
control method was performed by using fluorescence microscopy technique. As shown in Figure 4, the jute
particles are seen in different colors due to their auto-fluorescence characteristics. Optical observations also
indicate the agglomeration of the jute particles in the composite filaments.

PP4
Figure 4. Longitudinal views of PP composite f|Iaments

3.6. Tenacity of the PP filaments

In order to investigate the effect of jute particles and the compatibilizer on the tenacity of the PP filaments,
single fiber tensile tests were performed. Tenacity of the PP filaments are presented in Figure 5. Tenacity
results of PPO, PP1, PP2, PP3, PP4 and PP5 are 2.72 g/denier, 2.26 g/denier, 2.19 g/denier, 2.71 g/denier,
2.27 g/denier and 2.83 g/denier, respectively. It is clearly understood from Figure 5 that standard deviation
values are observed to be high for all tested PP filaments. This may be owing to non-homogeneous
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distribution of jute particles in the filament. As also noticed in Figure 5, there are slight differences between
the tenacity values of the PP filaments. This can be due to the addition of low jute particle content.
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Figure 5. Tenacity of the PP filaments
3.7. Moisture absorption of the PP filaments

Representative results of moisture absorption values of the PP filaments are shown in Figure 6. It is
observed that moisture absorption of PP filaments increased in the presence of MAPP compatibilizing agent.
And moisture absorption values are extremely higher in PP composite filamnets as compared to PPO
filament. It is found that PP2 have noticably higher moisture absorption results in comparison with PP3, PP4
and PP5 filaments incorporating ASJ, AFJ and APJ particles, respectively. In case of silane treatment,
reactive silanol groups of silane coupling agent can from chemical bonds with hydroxyl groups of jute
particles and can form polysiloxane layer on the surface of the jute particles. With fluorocarbon treatment, a
great amount of fluorine containing groups may cause hydrophicity on the surface of the jute particles.
Adetitionally, a reduction in hydrophilic groups of jute particles may exist after argon plasma modification.
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Figure 6. Moisture absorption of the PP filaments
3.8. Colorimetric values of the PP filaments

The colorimetric values of the PP filaments are tabulated in Table 3. As clearly seen in Table 3, color
difference (AE) value between PP0O and PP1 is calculated to be 2.212. But the addition of AJ, ASJ, AFJ and
APJ particles increase this color difference by 190%, 180%, 150% and 176%, respectively. Yellowness (b*)
value of PPO increase by 130.8% with the addition of 5% MAPP. The highest b* value obtained for PP2
which have 0.5% AJ particle and 5% MAPP compatibilizer. But silane, fluorocarbon and plasma treatments
of jute particles which were applied after alkali pretreatment may decrease the yellowness value of AJ
particles. K/S and R% which indicate the color strength and reflectance values of PP filaments are also given
in Table 3. It is detemined that the addition of MAPP compatibilizer (PP1) increase reflectance value but
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decrease the color strengh of PPO filament. But the incorporation of treated jute particles decrease
reflectance values whereas increase colour strength of PP1.

Table 3. The colour data of the PP filaments

AE %R (min) KIS (max)

Colour b*
di(fferenuce) (400 nm) (400 nm)

PPO Control sample 1.58 55.806 0.175

PP1 2.212 3.646 68.45 0.0727

PP2 6.413 7.525 56.606 0.1663

PP3 6.193 6.146 56.79 0.1644

PP4 5.534 6.366 59.123 0.1413

PP5 6.113 6.724 52.27 0.1594
CONCLUSION

In this paper, polypropylene multi-filaments doped with modified jute particles and MAPP were manufactured
and the effects of these fillers on structural characterization, tenacity and moisture absorption of the
polypropylene filaments were investigated. The influence of surface treatments on compatibility of
constituents and on distribution of jute particles along the filaments were also studied. It was found that the
moisture absorption of flaments increase with the incorporation of MAPP agent. The addition of alkali treated
jute particles extremely increase moisture absorption of the PP due to high polarity of the jute particles.
However, surface coating of silane and fluorocarbon agents and surface modification with of argon plasma of
the jute particles decrase the moisture absorption capacity of the PP by changing the surface character of
the jute from hydrophilic into more hydrophobic. TGA analysis also pointed out that the polypropylene
filaments achieved the maximum moisture absorption with the addition of alkali treated jute particles. DSC
and XRD analyses showed the addition of both modified jute particles and MAPP had no significant effects
on crytallographic structure of the PP due to the low content of fillers. Similar tenacity values were obtained
for all of the filaments. On the other hand, the presence of fillers chance the color of PP filaments.
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Section 2: Textile Science and Technology

CONTRIBUTIONS ON THE SYRINGE PUMP CONTROL FOR NANOFIBER
ELECTROSPINNING USING BRESENHAM ALGORITHM
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1Faculty of Textiles & Leather Engineering and Industrial Management
Faculty of Automatic Control and Computer Engineering
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Abstract: Electrospinning is the most efficient technique to produce polymeric nanofibers. The
electrospinning setup usually consists of a syringe with a hypodermic needle connected to a high voltage
direct current power supply, a syringe pump, and a grounded collector. Here, a new design for the syringe
pump is presented. The main goal of this was to replace stepper motors in precise clock movement type
applications, such as a syringe pump for electrospinning, without increasing the costs of the device.To
maintain a perfect average speed the microcontroller system generates a reference frequency using a
Bresenham math algorithm which is a very versatile zero cummulative error timing system. For testing the
syringe pump distilled water (1 g/ml density, 1 cP viscosity) and PVA (1.1 g/ml density, 10000 cP viscosity)
were used to fill in the syringes. A stroboscopic tachometer was developed for measuring the exact speed of
the motor at any time.

Keywords: electrospinning, nanofibers, syringe pump, Bresenham algorithm

1. INTRODUCTION

Electrospinning is the most efficient technique to produce polymeric nanofibers [1]. The electrospinning
setup usually consists of a syringe with a hypodermic needle connected to a high voltage direct current
power supply, a syringe pump, and a grounded collector. One of the important parameters for the
electrospinning process is the syringe pump feed rate. There is a relation between the resulted nanofibers
diameter and the syringe pump feed rate [2].

Here, a new design for the syringe pump is presented. It is a system for driving a cheap DC motor very
slowly, and for that speed to have very high accuracy. The benefits of using this setup are that it uses much
less power, and is quieter/ smoother than a stepper motor, motor speed is locked to a crystal, keeps clock
time accuracy, motor speed is adjustable in incredible fine steps (parts per billion), motor speed can be very
slow (less gearing needed), auto-recovers speed and position after being bumped, relative simple driving
electronics.

The main goal of this was to replace stepper motors in precise clock-movement type applications, such as a
syringe pump for electrospinning, without increasing the costs of the device. Unlike a stepper motor, a DC
motor might speed up or slow down in response to short term load events, (i.e. a few degrees or fraction of a
second) so the main focus was on making the average speed perfect.

To maintain a perfect average speed the microcontroller system generates a reference frequency using a
Bresenham math algorithm which is a very versatile zero cumulative error timing system [3]. Bresenham
algorithm is a system where two imperfect periods can be alternated to produce an average that matches
any perfect period [4]. Bresenham algorithm was originally designed for high speed calculating imperfect
periods in grid movement on a two dimensional matrix like an X-Y Plotter [5]. A similar system can be used
for generating one average timed period from any other timed period (like the microcontroller internal timers).

For testing the syringe pump distilled water (1 g/ml density, 1 cP viscosity) and PVA (1.1 g/ml density, 10000
cP viscosity) were used to fill in the syringes. A stroboscopic tachometer was developed for measuring the
exact speed of the motor at any time, and the eventual speed variations that could appear due to the liquid
viscosity.
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2. EXPERIMENTAL

The syringe pump (Figure 1) was developed at the Faculty of Textiles & Leather Engineering and Industrial
Management lasi in collaboration with the Faculty of Automatic Control and Computer Engineering lasi. An
Infineon Hexagon Application Kit [6][7][8] controls the syringe pump functioning and features an OLED
display and capacitive buttons for the user interface [9]. A power driver/inverter was developed to interface
the DC motor to the control unit. For the motor speed feedback an optical quadrature encoder salvaged from
a mouse was used. The optical encoder is connected to the motor with a 1:1 ratio timing belt (toothed belt).
The motor is a 24V DC motor salvaged from a printer. The motor is connected to the screw via a 1:3025
gear reduction through a flexible coupling. The drive screw is a 3 mm pitch,12 mm diameter trapezoidal
screw. The drive nut is made of polyamide with teflon. The pusher block is made of polyethylene and
aluminium. The two guide rods are 8 mm in diameter and are salvaged from a printer. The two support
plates are made of 8 mm thick textolite and incorporate the 8 mm flange bearings. The syringe holder block
connects to one support plate.

Figure 1: Picture of the syringe pump; a — Infineon Hexagon Application Kit, b — DC motor driver/inverter, ¢ —
Optical quadrature encoder, d — DC motor, e — Gear reduction, f — Flexible coupling, g — Drive screw, h — Drive nut, i —
Pusher block, | — Guide rod, k — Support plates, | — Syringe, m — Needle, n — Collecting container, o — Measuring point
for the stroboscopic tachometer

2.5 ml polypropylene Luer Slip syringes with an internal diameter of 8.66 mm were used. The needles used
were 0.311 mm internal diameter with 25.4 mm in length and 0.311 mm internal diameter with 6.35 mm in
length all metal (stainless steel) hypodermic type. Distilled water (1 g/ml density, 1 cP viscosity) and PVA
(1.1 g/ml density, 10000 cP viscosity) were used to fill in the syringes.

A stroboscopic tachometer was developed for measuring the exact speed of the motor at any time, and the
eventual speed variations that could appear due to the liquid viscosity [10]. The speed was measured on the
marked wheel at the back of the motor (Figure 1 - 0).

The syringe pump was programmed for different feed rates, part of a central composite design experimental
plan. For each programmed feed rate the syringe was filled with 3 ml of solution. Each experiment lasted for
an hour. There were three identical consecutive experiments for each programmed feed rate value. A 100 g
+ 0.01 g precision scale was used to measure the fluid mass that streamed from the syringe in the set time
interval. Knowing the mass and the density of the solution, the real flow rate of the syringe pump was
calculated.

In each experiment there were two operating regimes, the transient regime and the permanent regime. The
transient regime represents the period in which the syringe pump is priming. In this regime the pump is
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working at maximum speed until the pusher block (Figure 1 - i) is touching the syringe piston. After this
moment the pump is working at the corresponding programmed feed rate.

3. RESULTS AND DISCUSSIONS

Table 1 shows the programmed flow rate and the measured initial mass (without the solution), total mass
(with the solution) and fluid mass for the case in which the syringes were filled with distilled water.

Table 2 shows the programmed flow rate, the measured initial mass (without the solution), total mass (with
the solution), fluid mass, and the calculated fluid volume for the case in which the syringes were filled with

PVA.

The initial mass represents the mass of the collecting container (Figure 1 - n). The total mass represents the
mass of the collecting container plus the mass of the fluid accumulated in one hour time. The measured
parameters values in the table represent an average value between the three identical experiments.

Table 1: Programmed and measured parameters for the distilled water

No Programmed flow Average initial Average total mass | Average fluid mass
rate [ml/h] mass [g] [g] [g]
1 0.6 9.3 9.9 0.6
2 0.94 9.35 10.26 0.91
3 1.8 9.31 11.11 1.8
4 2.66 9.31 12.03 2.72
Table 2: Programmed, measured and calculated parameters for the PVA
No Programmed Average initial Average total Average fluid Average fluid
flow rate [ml/h] mass [g] mass [g] mass [g] volume [ml]
1 0.6 9.31 0.66 0.6
2 1.8 9.31 11.28 1.97 1.79
3 2.66 9.35 12.25 2.9 2.64

In order to see if the syringe pump is working as it should (programmed flow rate corresponds to measured
flow rate), the regression curves for the distilled water (Figure 2) and PVA (Figure 3) were drawn.

y=-0.02026 + 1.02188 * x

§=10.02727755
r=0.99977715

Measured flow rate [mi/h]
B

0.5 1.0

1.5

2.0

Programmed flow rate [mli/h]

24 2.9

Figure 2: Regression curve for the distilled water generated with CurveExpert 1.4
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Figure 3: Regression curve for the PVA generated with CurveExpert 1.4

4. CONCLUSIONS

By looking at the coefficient of determination and standard error in figure 2 and figure 3, it can be concluded
that there is a good correlation between the programmed feed rate values and the measured feed rate
values resulting from the experiments. Using Bresenham algorithm as control loop for a DC motor, a reliable
and precise syringe pump for nanofiber electrospinning was developed.

Acknowledgments: The authors would like to thank Infineon Technologies Romania for the provided
application kits used for the syringe pump and the stroboscopic tachometer.
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ANALYSIS OF TEXTILE FABRICS SURFACE
AFTER LASER MARKING

Yordanka ANGELOVA
Technical University of Gabrovo, Bulgaria

Abstract: The paper presents study on textile fabric after laser marking. For the explanation of the changes,
occurring as a result of the treatment with the laser beam of the textiles, the naked eye and microscope is
used. Observation of the fabric is carried out to more detailed analysis on fiber surface deformations. The
laser causes visual and mechanical modifications on the fibres from upper layer and they look like burnt or
cut if the parameters of the laser are not adjusted correctly. Woven samples with different composition:
cotton, polyester and cotton-polyester blend were investigated. Diverse lasers were used: CO; laser with a
wavelength of 10.6 m and CuBr laser— 0.511 m.

The results indicate that, under the one and the same parameters of the laser, the structural changes are
different and depend on the composition of the fabric. The color of the fabric is a very significant for the
quality of marking. The quality of the marked effects can be controlled in order to obtaining the desired
results by adjusting the parameters of the laser.

Keywords: image analysis, lasers, marking, surface changes, cotton, polyester, fabric

INTRODUCTION

The computer image analysis technique was applied very often for researching textile products and
especially for study of their surface properties [1]. Many scientists were explored and analyzed the surface of
textile fibers and fabrics as they were applied different methods depending on the objectives pursued: naked
eye, optical and electronic microscopes, image analysis and so on. The image analysis by microscopic
pictures was used also for evaluated the surface morphology of cotton fibres, treating with CO, laser [2,3].
The scanning electron microscope analysis was applied for denim fabric investigation in [4]. The laser is
widespread in the clothing and textile industry for marking of fabrics in recent years. Laser marking is used in
practice for information through labeling, but also for decoration. The effect of laser technological parameters
on the color and structure of denim fabric were investigated [5]. A very popular application of lasers is
bleaching of denim fabric, instead of traditional methods for whitening. The denim surface, which was
bleached by chemical finishing methods, is not environmentally friendly and cause pollution problems [6].
The laser technology is applied as a substitute of the traditional finishing processes increasingly [7]. It is
becoming more popular because eliminate several problems, associated with the high costs and pollution of
the environment.

The purpose of the study, which was presented in the paper, is to explore the modification the surface of the
woven fabric after treatment with the laser beam. The results are exhibited in the form of microscopic
pictures that show the changes in the surface of the fabric. For an explanation of the process of marking by
laser beam on textiles, the naked eye and the microscope is used.

EXPERIMENTAL

Three category of samples with different composition were analyzed: 100% cotton, 100% polyester and
cotton-polyester blend. Each category of samples were represented by four different colours: black, blue,
white and mixed colours. The microscopic pictures permitted the visualization of the surface of the samples
and compared the quality of the marking for different raw and colors. The plan of sample preparation and the
sample labeling scheme is defined in Table 1. The marking was performed according to the test field shown
on the figures 1 and 2.
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Table 1: The sample labeling scheme

Ne Meaning Symbol Number Designation
1 CO,
1 | Laser L 5 CuBr
1 Cottong
2 | Raw material R 2 Cotton
3 PES
4 C/PES
1 Black
3 | Color C 2 Blue
3 White
4 Mixed colours
4 | Velocity \Y 1-9 mm/s
5 | Power (Pp) P 1-9 W (kW)
51015202530354045580°Pw 11,67 23,3 46,67,105,0 186,7 Pg, KW

1-1.(20) 1-2,(10 ) 2-2, (5] 3-3.(2.22) 4-4, (1.25) (v, kHz)
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Figure 1 The test field for CO, Laser Figure 2: The test field for CuBr Laser
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The marking of the samples with CO, laser was carried out in series of experiments:
- the power of the laser radiation (P) is amended in the interval P € [5-50] W;
- the velocity of the laser radiation (v) is amended in the intervals v € [1-50] x1 0’mm/min.

The marking of the samples with CuBr laser was carried out in series of experiments:
- the pulse power of the laser radiation (Pp) is amended in the interval P, € [10-200] kW;
- the velocity of the laser radiation (v) is amended in the intervals v € [30-400] mm/s.

The parameters of the laser system: P, n, 1 are related and to determine the impulse power (Pp) using the
following relation:

P
P, =" kW (1)
TV

Each laser type emits a characteristic wavelength. In order to study the influence of the wavelength of the laser, were
used diverse lasers: CO, laser with a wavelength of 10.6 m and CuBr laser — 0,578 m (Table 2).

Table 2: Technical characteristics of the lasers.

Type of laser
Parameters co, CubBr
Wavelength m 10,6 0,511
Power P w 50 10
Frequency n kHz 0,250 50 20
Duration of pulses T ns 20 30
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RESULTS

The samples are treated with laser beam on their front-side. The pictures are made on the same side. The
images showed the surface changes. They are presented on the following figures:

L2.R1.C1. L2.R2.C1. L2.R3.C1. L2.R4.C1.

L2.R2.C2. L2.R3.C2. L2.R4.C2.

9. =

L2.R1.C3. L2.R2.C3. L2.R3.C3. L2.R4.C3.
Figure 3: The marked samples with CuBr Laser - the test field.

Photos of treated samples are placed next to each other to be able to correlate and analyze the results. This
is done for all tested materials and for each of the two laser. Part of the samples are shown on the Figure 3.
Some marked samples with CuBr laser were shown on Fig.4. With the help of a microscope is observed the
structure of the sample L2.R1.C2. (Fig.5) to track the changes under the action of the laser at the level of the
yarn. Each square is marked with various power (impulse power) and at different speeds according to the
test field (Fig.2).

L2.R3.C3.front side L2.R3.C3.V1.Pp1 L2.R3.C3.V1.Pp2 L2.R2.C1.V2.Pp1 L2.R3.C1.V1.Pp21

Figure 4: Some marked samples with CuBr Laser
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Figure 5: The marked sample EZ2IRAIC2! with CuBr Laser - the test field.

DISCUSSION

The quality of laser marking depends on numerous factors, which generally can be addressed in three
groups relating to: laser system for marking, the material which will be marked (in this case with the
characteristics of the textile fabrics) and with the technological process of marking.

The results showed that the laser beam power had the highest effect on the structure of the marking part. It
should be noted that the denim fabric color was changed most significantly when the laser beam power was
changed. It was found that the laser speed (v) had the high effect on the structure also. However, the laser
beam also can cause the negative effect on the upper layers of fibres and reducing the strength of the yarns
and fabric. The laser can leads to the break of a great amount of fibres at the fabric surface or even to cut of
the fabric if the parameters aren’t conformable to textiles properties. That results in appearance and
strength loss. That's why is very important to be investigate the parameters of laser marking process for
textile fabrics. The marked effects can be controlled in order to obtaining the desired results by adjusting the
parameters of the laser.
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On the other hand, the results indicate that, under the one and the same parameters of the laser, the
structural changes are different and depend on the composition, thickness, density and structure of the
fabric. Depending on the material (the raw), part of the fabric becomes carbonized (cotton) or melt
(L2.R3.C3.V1.Pp1 - polyester). The color of the fabric is a very significant for the quality of marking. In order
to improve the physical and mechanical parameters of the marked fabrics, it is necessary to explore the
changes that occur in the micro and macro-structure of the products.

The laser marking can be applied to the fabric before or after the garments are produced. Even more the
laser marking process allows to be “Marking-on-the-Fly” during the manufacture. For a successful laser
marking, it is essential that the processes to be conducted and monitored exactly.

The results obtained in experimental studies can be laid in some technological tables and the operator can
quickly reach the optimal technological parameters, necessary to get qualitative marking of respective
manufactured fabrics. Quality of the marked effects can be controlled in order to obtaining the desired results
by adjusting the parameters of the laser.

CONCLUSIONS

The use of laser beam for marking of textile fabrics was explored in this paper. The computer image analysis
on woven fabrics before and after laser marking was done. The ability of the microscopic analysis to show
the structural and colour modifications, after laser treatment, is confirmed by the results obtained. For more
detailed analysis, to see what happen with the fibers, it is necessary to extend the study with a scanning
electron microscope. That is of great importance for optimization of this method and his development.
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3D WOOL PANELS DEVELOPMENT TECHNOLOGIES FOR
CONSTRUCTION INSULATION

Raluca Maria AILENI, Gheorghe NICULA and Lilioara SURDU
National Research & Development Institute for Textiles and Leather, Bucharest, Romania

Abstract: This paper present technology for developing nonwoven wool panels for usage in construction
insulation field.

The wool fibers have many overlapping scales which create a very flexible and create a memory-effect after
compression and the wool will return to its original shape. The wool fibers are hygroscopic and will have a
moisture weight content of up to 35%, dependent on the relative humidity of the surroundings. While
absorbing this moisture, wool releases energy in the form of heat, thus raising the temperature of inside
areas. Naturally releasing this moisture in the warmer seasons, wool creates a cooling effect on the same
habitat.

Regarding the panels forming technology, the wool fibers are carded or aerodynamically formed and then
bonded by using the methods — needle-punching, thermo-bonding, chemical bonding and hydro-
entanglement.

The technologies used in this work were carding and needle-punching.

The goal of carding is to separate entangled tufts of fibers from bales by using mechanical actions and to
deliver the individual fibers in the form of a web.

Keywords: technology, wool, panel, insulation, construction

INTRODUCTION

According to ISO 9092, the nonwoven structure is a manufactured sheet, web or batt of directionally or
randomly oriented fibers, bonded by friction, and/or cohesion and/or adhesion, excluding paper and products
which are woven, knitted, tufted, stitch- bonded incorporating binding yarns or filaments or felted by wet-
milling, whether or not additionally needled (figure 1). Definition of nonwoven by ISO 9092 has been adapted
by CEN (EN 29092) and consequently by DIN, AFNOR, and all standardization offices in the EU [1].

Now are two associations of nonwovens producers in the world, namely EDANA (the European Disposables
and Nonwovens Association) and INDA (the North American Association of the Nonwoven Fabrics Industry).
The association EDANA defines 3D nonwoven structure according to ISO 9092 [1].

The association INDA defines nonwoven fabrics as sheet or web structures bonded together by entangling
fiber or filaments (and by perforating films) mechanically, thermally or chemically. Generally are flat and
porous sheets that are made directly from separate fibers or from molten plastic or plastic film [1].

The interest for using wool fibers in construction is due to the wool fibers properties: good thermal insulation
properties, ecological material and chemical substance indoor absorbent [2].

Mechanical bonding processes include needle-punching, stitch-bonding and hydro-entanglement. In the
needle-punching process (needle felting), the batt of wool fibers is drawn through a needle loom.

Insulation based on wool panels is natural, environmentally friendly, quick, easy and nonntoxic on the
instalation process [2].

Many architects and engineering are now specifying natural materials in their building projects for
architecture. Even if they are many others forms of insulation—mineral wool, glass wool or polystyrene, the
nonwoven wool panels used for insulation is the green way to insulate [3]. In Ireland, UK, Germany, New
Zeeland and US there are companies that already are producing the 3D nonwoven structures for different
areas in buildings thermal and phonic insulation [4, 5]. It is known that wool fibres can improve the air
condition and absorb indoor contaminants (formaldehyde, sulphur dioxide and nitrogen dioxide) [6]
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produced by chemical and mechanical finish

produced by wet processes using modified
papemmaking techniques

Nonwoven fabrics

spunbonded fabrics

composite fabrics =» laminating of scrims, fibers,
or foams with tissue, films

Figure 1: Nonwoven fabrics classification - Bikales (1976) [1]

EXPERIMENTAL PART

The 3D wool panels (figure 2) analyzed in this paper were produced in a national research project
“Researches regarding developing of new technical textile products with regenerate, wool and new fibers
content” that is developed in the National Research & Development Institute for Textiles and Leather [7].

Figure 2: Wool panels obtained in research project
The raw material — wool fibers are made into a batt with directionally or randomly oriented fibres by a variety

of means and the fibres are entangled or bonded by mechanical (friction or cohesion) or thermal (adhesion)
or chemical (adhesion) for produsing the 3D nonwoven structure [8, 9].
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Wool Fibers

Washing / Cleaning

Fiber batt forming

Fibrous web

Needle punching

3D Nonwoven wool structure

Nonwoven wool panels

Figure 3: Nonwoven wool panels logical chart

The 3D nonwoven wool panel structure was developed [10] by using steps presented in logical chart —figure
3.

The wool panels produced were tested for analyzing the parameters: thermal conductivity and thermal
resistance in function of thickness values. The parameters values for wool panels and control samples-
mineral wool panels-AF are presented in Table 1.

Table 1. Wool panels and mineral wool panels control samples — thermal conductivity and thernal resistance
values

No. | Parameters Sample Sample | Sample Sample Control Control
analyzed no. 1 no.2 no.3 no. 4 Sample no.1 Sample no.2
Wool Wool Wool Wool Mineral Wool | Mineral Wool
Panel Panel Panel Panel Panel-AF Panel-AF
1 Width d [mm] 9 27.15 26,8 45,2 10 30
2 Thermal 0.03705 | 0.04955 | 0.03728 0.0388 0.038 0.04
conductivity
A [W/mK]
3 Thermal 0.24291 | 0.54793 0.7189 1.1650 0.25 0.75
resistance
Rct [m2 K/W]

RESULTS AND DISCUSSIONS

By comparative analyze of wool panels parameters (thickness, thermal resitance and thermal conductivity)
values with mineral wool panels, were used data about mineral wool panels that already exist on the market,
with width values between 10 + 30 milimeters. The thermal conductivity for wool panel no. 1 0.03705 W/mK
indicates a thermal conductivity lower with 2.5% than control sample no. 1 - mineral wool panel — AF with
thermal conductivity 0.038 W/mK and this means that the thermal resistance for wool panel 1 is higher with
aproximative 2.8%. For wool panel no. 2, thermal conductivity value 0.04955 W/mK indicates a thermal
resistance 0.54793, lower than thermal resistance for mineral wool panel - AF with 27% .

Mineral wool panel — AF (with width 10 mm) have a thermal resistance value 0.25m? K/W, in comparation
with wool panel no.1 (with width 9mm) which have a thermal resistance 0.24291 m? K/W, lower with 2.8%.
Mineral wool panel — AF(with width 30 mm) have a thermal resistance about de 0.75 m? K/W, in comparation
with wool panel (with width 27.15 mm) which have a lower value for thermal resistance 0.54793 m? K/W.

For thermal resistance was used formula 1:

R, :%[mzK/W] (1)
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By analyzing the correlation coefficients for thermal conductivity and thickness from math formula 2 (R,), for
thermal resistance and thickness from math formula 3 (R;), respectively for thermal resistance and thermal
conductivity from math formula 4 (Rs3), we can conclude that ry (1, 2) = r, (2, 1) = -0.8206,
r(1,2)=ry(2,1)=0.9764 and r3 (1, 2) = r3 (2, 1) = -0.7510, which means that between thermal conductivity,
thermal resistance and thickness it is not a linear correlation.

1.0000 — 0.8206‘

1

(2)
—-0.8206  1.0000

2

@)

1.0000 0.9764
0.9764 1.0000

(4)

3

1.0000 -0.7510
-0.7510 1.0000

CONCLUSIONS

Even if mineral wool panels presents higher values for thermal resistance and insulation capacity, the
advantages of using 3D nonwoven wool panels in construction are:

-The nonwoven wool panels are ecological materials.

-Is not toxic for the worker that manipulate these panels on the building during thermal insulation 3D panel
montage work.

-There is a correlation between stationary air and fibres density in 3D wool panel and thermal isolation
capacity.

-Thermal insulation capacity of 3D wool panel structure depends on fibres disposition for creating a
voluminous structure with stationary air embedded.

-Production technology for 3D wool panel is not huge energy consumer like mineral wool production.

-The challenge is to keep 3D wool panels like ecological product by using less toxic substances in fabrication
process.

References

[1] Dipayan, D. and Behnam, P., Composite Nonwoven Materials, Woodhead Publishing Series in Textiles:
Number 155, UK, 2014

[2] Aileni, R.M., Nicula, G., Surdu, L., Ghituleasa, C.P. N., The advantages of using wool fibers embedded
in the insulation systems for construction, TexTeh VI Proceedings Volume, 2013.

[3] http://www.ecowool.com.my/ecowool.aspx

[4] http://www.sheepwoolinsulation.ie

[5] Aileni, R.M., Nicula, G., Surdu, L., Ghituleasa, C.P. N., The advantages of using wool fibers embedded
in the insulation systems for construction, TexTeh VI Proceedings Volume, 2013.

[6] http://lwww.woolcleanair.com/indoor-air-quality.html

[7]1 National research project PN no. 23004.1-14, Researches regarding developing of new technical textile
products with regenerate, wool and new fibers content, developed in the National Research &
Development Institute for Textiles and Leather, Bucharest, Romania

[8] http://www.indiantextilejournal.com

[9] Chapman, R. A., Applications of nonwovens in technical textiles, Edited by R. A. Chapman, place:
Woodhead Publishing, UK, 2010.

[10]Teslic, A. and Zamfir, M., Environmental friendly technical nonwoven products made from wool fibers,
Buletinul Institutului Politehnic din lasi, Edited by Universitatea Tehnica ,Gheorghe Asachi” from lasi,
2010

Corresponding author:

Raluca Maria AILENI

The National Research & Development Institute for Textiles and Leather
Lucretiu Patrascanu Street, No.16

030508, Bucharest, Romania

e-mail: raluca.aileni@certex.ro

52



Ve
15" Romanian Textiles and Leather Conference — CORTEP 2014 2 ’- CORTEP
4 - 6 September 2014, Poiana Bragov, Romania Gl

TWIST LIVELINESS OF COTTON/ RECYCLED COTTON BLENDED
ROTOR SPUN YARNS

Mariana ICHIM and Costica SAVA
“Gheorghe Asachi” Technical University of lasi

Abstract: The purpose of this study is to evaluate the effect of twist and waste ratio on twist liveliness of
rotor yarns of 25 tex linear density spun from blends of virgin and recycled coftton fibres. The measurements
of twist liveliness of yarns were performed using the Keisokki Kringel Factor Meter. Results indicate that as
twist increases, twist liveliness value increases as well. An increase in waste ratio leads to a decrease of
twist liveliness value.

Keywords: twist liveliness, recycled cotton, Kringel factor, rotor yarn.

1. INTRODUCTION

Staple fibre yarns are produced of bundles of parallel fibres, drafted to the desired degree of fineness and
twisted in order to better exploit the strength of the individual fibres and to obtain strength in the yarn. Below
the critical twist value, the higher the twist applied to the yarn, the higher the strength of the yarn. During
twisting, fibres extend and exert pressure towards the yarn interior. This pressure causes a strong
compression of the yarn body that leads to an increase of the inter-fibre frictional forces and thus an increase
in yarn strength [1].

Due to fibre elasticity, when the yarn is free of tension, there is a constant tendency of fibres to draw back (to
return to the initial length). Thus, the stresses built up in fibres during twisting will generate a torque when the
strain energy is released. In an attempt to reach equilibrium, this torque causes the freshly spun yarn a
tendency to untwist or snarl [2]. This property of a spun yarn is referred as “twist liveliness”.

Twist liveliness is considered a negative property of a spun yarn. Yarn snarling tendency leads to spirality
problems of fabrics and causes several difficulties during downstream processes, such as winding, warping,
weaving and knitting [3]. There are two methods to counteract the curling tendency of the spun yarns: fibres’
length stabilization by using steaming or chemical treatments and plying the single yarns with a ply twist in
the opposite direction which untwists the single yarns and balances the yarn torque. Both methods present
some disadvantages mainly related to increased costs, fibore damage or incomplete elimination of the
snarling tendency [4]. The main factors that influence the yarn twist liveliness are twist factor, yarn fineness
and fibres behaviour in torsional, bending and tensile stresses [5].

Over the last two decades textile waste recycling has gained growing interest from textile products’
manufacturers because of the increasing costs and the negative environmental impact of waste disposal [6].
Furthermore, the reuse of waste can decrease the costs of raw material and thus the product cost.

The research previously conducted on spinning blends of virgin cotton and recycled cotton fibres pointed out
that higher twists were necessary for a better spinning stability [7]. But higher twist leads to a higher yarn
tendency to snarl. The purpose of this study is to evaluate the effect of twist and waste ratio on twist
liveliness of rotor yarns of 25 tex linear density spun from blends of virgin and recycled cotton fibres.

2. EXPERIMENTAL
The recycled cotton fibres were obtained by cutting and shredding of clippings generated from the garment

manufacturing and are characterised by a mean fiber length close to half an inch. Because of the high
percent of short fibres, blends with virgin cotton as carrier fibres were necessary. The properties of virgin
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cotton fibres were as follows: 0.198 tex liner density, 30.62 mm mean length, 3.64 cN/tex tenacity, 14.27 %

breaking strength coefficient of variation.
In order to study the influence of twist and waste ratio on twist liveliness of yarns, the waste ratio has been

set at three levels: 20 %, 30 %, and 40 %, and the metric twist multiplier (a,,) has also taken three levels:
120, 135, and 150. The yarn samples of 25 tex linear density were obtained using standard mill procedures

and practices on a BD-200 RN rotor spinning machine.
The measurements of twist liveliness of yarns were performed under a standard atmosphere (20 + 2°C and
65+ 2% RH) using the Keisokki Kringel Factor Meter (Figure 1). The measuring principle is based on the
tendency of twisting spontaneously in the opposite direction of a spun yarn in the form of a loop that hangs
under standard weight between two fixed points. The height of the twisted portion measured on a 0-10 scale
after the yarn reached the steady state is defined as Kringel factor (Kr) and gives a quantitative measure of

the twist liveliness of yarn.

n

i
T Sl

Figure 1: Kringel Factor Meter
In order to establish whether the waste ratio and twist multiplier are significantly related to the response data

(Kringel factor) the two-way analysis of variance was used. The null hypotheses to be tested are:
Ho: There is no difference among the means for the main effect due to twist multiplier.

Ho: There is no difference among the means for the main effect due to waste ratio.

Ho': There is no interaction between the two factors, twist multiplier and waste ratio.
In the analysis of variance table, the p-value is used to determine whether a factor is significant, usually for a

significance level of 0.05. If the p-value is lower than 0.05, then the factor is significant.

3. RESULTS AND DISSCUSSIONS
The two-way analysis of variance enables to perform hypothesis tests for equality of means for the different

levels of the twist multiplier and waste ratio as well as the interaction between twist multiplier and waste ratio
Minitab 16 Statistical Software (trial version) has been used to perform the statistical analysis. Table 1

presents the two-way analysis of variance for the Kringel factor (Kr).
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Table 1: The analysis of variance for the Kringel factor
Source DF SS MS F p
Twist multiplier 2 18.4597 9.22983 78.94 0.000
Waste ratio 2 6.1345 3.06726 26.23 0.000
Interaction 4 0.9993 0.24983 2.14 0.075
Error 441 51.5613 0.11692
DF — degrees of freedom; SS — sum of squares; MS — mean squares; F — F-statistic.
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The p-values for the twist multiplier and for the waste ratio are 0. Since 0 < 0.05, the Hy and Hy null
hypotheses are rejected. This means that, at the 5% level of significance, the average values of the Kringel
factor for the three twist multipliers and waste ratio are significantly different from each other. Both twist
multiplier and waste ratio are significant factors.

The p-value for the interraction between twist multiplier and waste ratio is 0,075. Since 0.075 > 0.05, the Hg-
hypothesis cannot be rejected. In this case, at the 5% level of significance, one can conclude that the
interaction between twist multiplier and waste ratio does not affect the Kringel factor value.

Figure 2 shows the effect of twist multiplier and waste ratio on Kringel factor. As twist multiplier increases,
the Kringel factor value increases. At higher twist the fibres extend more. When the yarn is free of tension
the strain energy is released and the yarn tends to snarl. With the increase of waste ratio, the Kringel factor
value decreases. During yarn formation short fibres migrate from the core to the yarn surface [8]. They are
less integrated into the yarn body and do not take up as much tension as long fibres during twist insertion.

Twist multiplier Waste ratio, %
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Figure 2: The effect of twist multiplier and waste ratio on Kringel factor

Figure 3 shows the interaction plot for Kringel factor. For a given waste ratio, as twist multiplier increases
from 120 to 135, the Kringel factor value increases by 13 % to 21 %. For a given twist multiplier, as waste
ratio increases from 20 % to 40 %, the Kringel factor value decreases by 7 % to 12 %. The twist multiplier
has a greater influence on Kringel factor value than the waste ratio.
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Figure 3: Interaction plot for Kringel factor
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One can observe that even at high twists the Kringel factor does not exceed the maximum value (4.5)
admitted for a trouble-free subsequent processing [9]. This can be due to the twist loss in rotor spinning
[10].

4. CONCLUSIONS

During twisting fibres extend and exert pressure towards the yarn interior. When the yarn is free of tension,
the fibres tend to return to the initial length causing the yarn a tendency to untwist or snarl. This twist
liveliness causes several problems during various post-spinning processes, such as winding, warping,
weaving and knitting.

In this study, the measurements of twist liveliness of 25 tex cotton/recycled cotton rotor blended yarns were
performed using the Keisokki Kringel Factor Meter. The two-way analysis of variance has been used to
evaluate the effects of twist multiplier and waste ratio on the Kringel factor value. Both twist multiplier and
waste ratio are significant factors, but the interaction between twist multiplier and waste ratio does not affect
the Kringel factor value.

The results of this study indicate that as waste ratio increases, the Kringel factor value decreases. With the
increase of twist multiplier, the Kringel factor value increases as well. The twist multiplier has a greater
influence on Kringel factor value than the waste ratio.
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HEMP — AN ENVIRONMENTALLY FRIENDLY ALTERNATIVE TO
COTTON

Costica SAVA and Mariana ICHIM
“Gheorghe Asachi” Technical University of lasi, Romania

Abstract: In this paper the results of a research regarding the properties of cottonised hemp/cotton blended
yarns spun on the cotton system are presented. Rotor yarns of Nm 10, Nm 17 and Nm 27 fineness were
obtained from 30/70, 50/50 cottonised hemp/cotton blends and also from 100 % cotton blend. In comparison
to all-cotton yarns, the cottonised hemp/cotton blended yarns have lower tenacity, higher strength
irreqularity, lower breaking elongation, and higher mass irregularity.

Keywords: cottonised hemp, hemp/cotton blend, rotor yarns.

1. INTRODUCTION

Hemp is one of the oldest textile fibres whose domestication has been initiated in China 5000 years ago.
From there hemp cultivation migrated to Eastern and Southern Asia and then to Europe about 2000-2200
years ago. Since that time until the middle of 20th century hemp become widely cultivated because of its
many uses: cloth, ropes, sails, paper, food and oils. After the World War Il, the competition from synthetic
fibres and cotton (mechanically harvested) and the misinformation about differences between marijuana and
industrial hemp led to a continuously decrease of the land areas devoted to hemp cultivation [1, 2].

In recent years, the interest in hemp industry has heightened due to environmental concerns associated with
cotton and synthetic production and the necessity to find new sources of renewable resources and
alternatives to food crops. The production of synthetic fibres depletes non-renewable petroleum resources,
while conventional cotton farming requires substantial amounts of pesticides, fungicides, and chemical
fertilizers which pollute soil and groundwater. Even though cotton takes only 3% of the world’s cultivated
land, its production uses about 25% of the world’s pesticides and insecticides. Furthermore, the cotton
growing requires massive amounts of water with negative impacts on environment and water resources.
The most famous environmental impact of increased water usage for cotton irrigation is the Aral Sea
desiccation. In the 1960s the two rivers that fed the Aral Sea were diverted in order to irrigate the desert for
cotton farming. As a result, the Aral Sea lost approximately 60% of its area with dramatic consequences on
sea water salinity, salinization of soil, desertification, climate change, and population health [1, 3, 4, 5].

Hemp is a bast fibre obtained from the stalk of the Cannabis sativa L. plant and represents an outstanding
ecological alternative to polluting conventional cotton cultivation. Hemp is more resistant to pests and
diseases and thus can be grown without the use of pesticides or fungicides. Due to its rapid growth, dense
foliage, and high planting density, hemp suppresses weeds so herbicide applications are not necessary.
Hemp needs little or no fertilizers. When left in the field for retting, the dried leaves add nutrients to the soil
and thus the next hemp crop can grow without fertilizers. Hemp s irrigated only in drought conditions,
otherwise the rain water is enough during plant growing. Besides, hemp can extract heavy metals purifying
the contaminated soils. Because of the deep root system, hemp aerates the soil leaving it in optimum
conditions for the following crop. Hemp is a favourable crop in the traditional crop rotation, but also can be
cultivated several years in a row in the same field being self-compatible. After the cultivation of hemp, an
increase of wheat yield by 10—-20% has been reported [1, 6]. On the same land area, hemp produces 250
percent more fibre than cotton [7].

Unlike cotton fibres that are single cells, the technical hemp fibres consist of many individual fibre cells. The
technical hemp fibres are much longer and coarser than cotton fibres, but the dimensions of individual fibre
cells are similar to those of cotton fibres. In order to process hemp fibres on the more economical and more
efficient cotton equipment, the technical fibres must be split to the level of fibre cells by cottonisation.
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In this research cottonised hemp fibres were blended with cotton in ratios of 30/70 and 50/50 and the blends
were processed on the cotton system. All-cotton yarns of similar finenesses (Nm 10, Nm 17, and Nm 27)
were spun for comparison purposes.

2. EXPERIMENTAL

The characteristics of the cottonised hemp and cotton fibres are presented in Table 1.

Table 1: Characteristics of the Raw Materials

Characteristics Unit Cotton Cottonised hemp
Fineness Nm 5400 1675

Fibre strength cN/fibre 3.52 5.37

Fibre tenacity cN/tex 19 9

Fibre length mm 28 43.7

Fibre impurities % 1.2 6.6

As can be seen in Table 1 the cottonised hemp fibres are coarser, weaker (lower tenacity) and dirtier than
cotton fibres. In turn, they are longer than cotton fibres.

Before blending with cotton, the cottonised hemp has been emulsified in order to diminish the rigidity of
fibres, to protect the fibres and to reduce the emissions of dust during subsequent processing. The blends of
30/70 and 50/50 cottonised hemp/cotton were prepared manually by horizontal layering of fibres. The layers
were cut vertically for feeding to the first machine of blowroom line. Unlike the traditional system of sliver
preparation that consists of two draw frame passages after carding, a double carding technology has been
developed. Thus, after the first passage of fibres through the carding machine, the card slivers were wound
into sliver laps on a sliver lap machine. Feeding simultaneously three sliver laps, a second passage of fibres
through the carding machine has been done for a better individualization of multi-cells hemp fibres. Two
passages of drawframe were used for blending, drafting and leveling the card slivers. The drafted slivers
were converted into Nm 10, Nm 17, and Nm 27 yarns on a BD-200 RN rotor spinning machine. All-cotton
yarns of similar finenesses were spun for comparison purposes.

The properties of yarns were measured under a standard atmosphere of 20 + 2°C and 65+ 2% RH. TINIUS
OLSEN H5 K-T tensile yarn tester was used to assess the tensile properties of yarns. Twist measurements
were performed on a Mesdan twist tester using a clamping distance of 250 mm. Yarn mass irregularity and
imperfections were tested on an Uster Tester-1l apparatus at a speed of 25 m/min.

3. RESULTS AND DISSCUSSIONS

Yarns of Nm 10, Nm 17 and Nm 27 fineness were obtained from blends of cottonised hemp and cotton of
0/100, 30/70, and 50/50 ratios. The minimum twist of cottonised hemp/cotton blended yarns that ensured
good spinning stability corresponded to a metric twist multiplier of 150, which means an increase in twist by
25 % to 35 % when compared to twist of all-cotton yarns.

Figure 1 presents the tenacity of yarns. As cottonised hemp content increases the tenacity of yarns
decreases. In the case of yarns with cottonised hemp content of 30 % the decrease in tenacity ranges
between 8 and 18 %. The tenacity of 50/50 cottonised hemp/cotton yarns is much lower when compared to
tenacity of all-cotton yarns of similar fineness. The magnitude of decrease lies between 30 % and 35 %.
Because the cottonised hemp fibres are coarser than cotton, as the content of cottonised hemp in the yarns
increases, the number of fibres in the cross-section of blended yarns decreases. Besides, the cottonised
hemp fibres are weaker than cotton and an increase of their content in the yarn affects yarn tenacity.

The CV of breaking strength of cottonised hemp/cotton blended yarns is higher than the CV of breaking

strength of all-cotton yarns (Figure 2). An increase in the cottonised hemp content led to an increase of
breaking strength irregularity of yarns.
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Figure 3 shows the influence of cottonised hemp content on the yarn breaking elongation for the
experimental yarn assortment. When the content of cottonised hemp in the yarn increases, the breaking
elongation of the blended yarns decreases. This expected variation is due to the extremely low elongation of
hemp fibres. As yarns become finer, their elongation at break decreases as a result of the reduction of the
number of fibres in the yarn cross-section.

All-cotton yarns showed a lower mass irregularity on short terms than the cottonised hemp/cotton blended
yarns (Figure 4). This behaviour can be explained by the fact that the cotton fibres are finer and less variable
in fineness than the cottonised hemp fibres. Finer fibres lead to a higher number of fibres in the yarn cross-
section and thus to a lower mass irregularity. With the increase of cottonised hemp content in the yarn, the
yarn unevenness increases. With the exception of Nm 10 yarn from 30 % cottonised hemp//70 % cotton, as
yarns become coarser and the number of fibres in the yarn cross-section increases, the mass irregularity of
yarns decreases.
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4. CONCLUSIONS

The current trends towards sustainability have highlighted the necessity to consider alternative ecological
resources to environmentally destructive fibres. Hemp is one of the natural fibres that is renewable,
biodegradable and less polluting that can constitute an alternative to cotton. Blends of cottonised hemp and
cotton were processed on the more economical and more efficient cotton equipment using a double carding
technology. Rotor spun yarns of Nm 10, Nm 17 and Nm 27 fineness have been obtained from 30/70, 50/ 50
cottonised hemp/ cotton blends and 100 % cotton.

59



7| CORTEP 15™ Romanian Textiles and Leather Conference — CORTEP 2014

2014

- 4 - 6 September 2014, Poiana Brasov, Romania

Based on the results of this research, the following conclusions can be drawn:

1. Compared to all-cotton yarns, the cottonised hemp/cotton blended yarns have lower tenacity, higher
strength irregularity, lower elongation at break, and higher mass irregularity. These differences between
the characteristics of the two types of yarns can be explained by the fact that the cottonised hemp fibres
are coarser than cotton, and the number of fibres in the cross-section of blended yarns is lower.

2. An increase in cottonised hemp content from 30 % to 50 % causes the worsening of all yarn
characteristics so that the optimum cottonised hemp content is 30 %.

3. In order to achieve good spinning stability, the twist imparted to cottonised hemp/cotton blended yarns is
higher by 25 % to 35 % than the twist of all-cotton yarns.
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Abstract: Researchers have developed different setups trying multiple electrospinning constructive variants,
modifying the spinneret and/or type of solution, which can allow the creation of fibers with unique structures
and properties. The obtained fibers can adopt different morphologies (e.g., porous or core—shell) depending
on the type of materials being used as well as the evaporation rates and miscibility of the solvents involved.
Besides the basic setup, which implies a polymer solution and the use of one spinneret (usually a
hypodermic syringe needle), scientists came up with different techniques by changing the solution type, as
follows: emulsion electrospinning, melt electrospinning and splashing electrospinning. Over time,
researchers have improved electrospinning using spinnerets with different shapes and functions obtaining:
co-axial spinneret (core-shell electrospinning), multi-channel spinneret, tri-axial spinneret, side by side
spinneret, needleless spinneret (removing the needle) and multi-needle spinneret (adding multiple needles to
speed up the process). Also, to speed up the process and to obtain specific properties, multiple fluids can be
electrospunned in the same time. Thus, each electrospinning technique has something different to offer,
being developed for obtaining certain results. Researchers first set clear what properties need to be obtained
and after they worked on the electrospinning setup to make it better for their needs. Through our study we
attempt to cover the electrospinning variants found by us until now, discussing in detail the principle and
purpose of each setup, showing the strengths and weaknesses.

Keywords: coaxial electrospinning, emulsion electrospinning, melt electrospinning, spash electrospinning,
needleless electrospinning, multi-needle electrospinning.

INTRODUCTION

Although nowadays there are many methods of obtaining nanofibres, electrospinning is perhaps the most
versatile and flexible process. Other fabrication techniques, such as template synthesis, drawing, and phase
separation, can also be used to obtain nanofibers, but comparing to them, electrospinning is a simple
method that can produce fibers with specific diameters. The electrospinning process does not require the
use of high temperatures or coagulation chemistry to yield fibers from solution. Thus, nanofibers can be
obtained from solutions with large and complex molecules. It has been observed that most of the parameters
implied in electrospinning can be calculated and predicted through mathematical functions, having the
opportunity to control the process. Knowing and controlling each process parameter is very important,
because any small change can affect the resulted nanofibers morphology, having smaller or bigger fiber
dimensions or different properties. Besides the fiber morphology, the architecture is also a significant
variable which has an impact on the flexibility of the nanofibers. Also, it has been demonstrated that
electrospinning can be scaled up for industrialization.[1] One of the best things is that a wide range of
solutions can be used in electrospinning from which different materials can be obtained such as polymer,
composites, ceramic and metal nanofibres.[2] Through electrospinning we can yield various fibre structures
with specific morphologies. Thus, from the need of diversification, scientists have developed different setups
for electrospinning, modifying the basic approach of the process. Starting from the traditional approach, the
single needle spinneret, different setups have been created threw the modification of the spinneret, using
spinnerets with different shapes and functions to obtain fibers with certain properties or to speed up the
process in order to push it toward industrialization. In this article, are presented some of the setups that have
been developed and used until now by different researchers, their scope and also the main applications and
importance in research.
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SINGLE NEEDLE ELECTROSPINNING

The single needle electrospinning represents the standard setup used in electrospinning, which consists of a
spinneret (tipically a hypodermic syringe needle) threw which flows a polymer solution or melt, while a high
voltage is applied to it. A schematic of the single needle electrospinning setup is shown in Figure. 1. This is
the simpliest and most common setup that has been used in the recent decades. Threw this method many
polymer solutions can be electrospun, including blended polymers from which composite nanofibers can be
obtained. The composite nanofibers benefit of all the properties of the implied polymer solutions. The
electrospinning of polymer blends is only possible if the implied polymer solutions are compatible with each
other. As example, for biomedical applications, electrospinning blends of sodium alginate and polyethylene
oxide (PEO), or chitosan and PEO, the biomedical capabilities of alginate and chitosan are combined with
the chain entanglement capability of PEO, leading to an electrospinnable nanofiber for tissue regeneration
applications.[1] Also, different material nanoparticles can be included in the polymeric solution. For example,
silver nanoparticles, known by its antimicrobial properties, can be dispersed in the polymer solution for
making antimicrobial nanofibers. [1] The incorporation of silver nanoparticles in nanofibers can be used also
in novel specific applications in catalysis, sensors, photonics and electronics. There are many studies that
mention including silver salts or compounds in polymeric solution for obtaining materials for wound
treatment.[3]

Collector

Syringe Polymer solution
Spinneret

)

== o 0 mm| o)

I 7
—— Fibers
High Voltage

Figure 1: Single needle electrospinning setup[4]

MULTI-NEEDLE ELECTROSPINNING

The most logic development of the basic electrospinning setup has been the increase of the number of the
spinnerets. While in a classical electrospinning configuration with a single needle, composite nanofibers can
be fabricated from blending polymer solutions that are compatible, in multi-needle electrospinning we can
have polymer solutions that are not miscible with one another, ejecting the solutions from separate orifices,
resulting in a composite nanofiber assembly.[1] To prepare composite nanofibers we can use a dual
spinneret electrospinning system with needles that can be placed side by side, or on opposite sides (dual-
opposite-spinneret) of a rotating collector (Figure 2). It has been observed that for the dual spinneret, two
power sources can be used when the needles are placed on opposite sides of a rotating collector, one power
source for each needle. When the configuration has side by side needles, the needles can’'t have separate
power sources due to the variations in charge for each needle causing interference between them. Needing
a uniform charge distribution, a single power supply can be used and the needles can be interconnected
using a metallic support.[1]

Researchers have developed dual spinnerets, with side by side needles, with different configurations:
bifarious dual spinneret (the outlets of the two spinnerets are bifarious), inconsistent dual spinneret (one
outlet is planus and the other is acuate), consistent dual spinneret (the outlets are both planus), relative dual
spinneret (the outlets are relative and acuate) and relative curved dual spinneret (the outlets are relative and
curved). There is one article mentioning an experiment which includes all the above mentioned dual
spinnerets configurations.[5] The schematic of the configuration is shown in Figure 3.

In a multi-needle electrospinning system can be used more than two needles, disposing the needles in a
circle, a linear array or multiple arrays. As example, we took some spinneret models from the TONG LI
TECH website (http://www.electro-spinning.com), a chinese company that supplies a wide variety of
laboratory equipments and devices neccesary for conducting the electrospinning process (Figure 4).
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Figure 2: Schematic diagram of dual-opposite-spinneret electrospinning system
(http://www.hindawi.com/journals/jnm/2012/575926/sch1/)
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Figure 3: The schematic of experimental facilities for preparing composite nanofibres with side by side
heterojunctions and digital photographs of five dual spinnerets: a) bifarious dual spinneret, b) inconsistent
dual spinneret, c) consistent dual spinneret, d) relative dual spinneret, e) relative curved dual spinneret.[5]

Multi-needle in arrays

Multi-needle in a circle Multi-needle in linear array

Figure 4: Multi-needle spinnerets (http://www.electro-spinning.com/multi_spinnerets.html)
Beside the fact that multi-needle electrospinning offers the possibility to electrospun polymeric solutions that

are not compatible with each other, another important thing is that due to its multiple needles configuration it

can speed up the electrospinning process, making possible to obtain nanofibers at a industrial scale.
It has been reported that multi-needle electrospinning has some disadvantages, such as complex design and

potential clogging.[6]

COAXIAL ELECTROSPINNING
The most popular bi-component electrospinning is coaxial electrospinning. The coaxial electrospinning setup

involves a coaxial spinneret with one nozzle inside a larger nozzle, which produce hollow nanofibers or core-
shell nanofiber structures. A coaxial electrospinning setup schematic is shown in Figure 5.
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Figure 5: Coaxial spinneret schematic (http://www.electro-spinning.com/multi_spinnerets.html)

Using the coaxial spinneret, different characteristics from each polymer can be combined into one nanofiber.
Some polymer solutions with low spinnability can also be electrospunned using this spinneret. The polymer
with better spinnability should be used as core fiber, and the one with low spinnability should be the shell. An
advantage of this method is that non-spinnable materials such as oligomers, metal salts, enzymes, and
liquids can also be used as core solution in fibers to make functional nanofibers. The core solution does not
need to be electrospinnable. The most important factor is that a shell fiber can be electrospun to contain a
uniform channel within to carry the core solution. Coaxial eletrospinning is not limited to produce only core-
shell nanofibers, by controlling the viscosity of inner and outer solutions we can obtain systems with
buckling, drop-shape inclusions inside a continuous shell.

Using a coaxial spinneret we can also have gas assisted electrospinning. Hot blowing air, inert gas, or other
kinds of gases can be inserted through the outer needle to create a flowing gas jacket. This method helps
the electrospinning process by reducing the clogging of the spinneret, decreasing the viscosity of the
solution, enhancing the evaporation of the solvent and stretching the jet.

The core-shell nanofibers are suitable for biomedical applications, in drug delivery systems where drugs or
proteins can be incorporated into the core fiber protected by the shell that can be composed of a more
mechanically stable or less degradable polymer. This way the core-shell nanofiber structure adds an extra
layer of control over the release rate of drugs or proteins, allowing for a more sustained release profile.[1]

NEEDLELESS ELECTROSPINNING

In needleless electrospinning, multiple polymer solution jets can be ejected from a free surface, instead of
needles. According to the researchers, spinnerets for needleless electrospinning can be classified in two
categories: rotating or stationary spinnerets. The rotating spinnerets can introduce mechanical vibration to
the polymer solution to assist in initiating the solution jets. Usually, rotating spinnerets have to work
continuously. In the case of the stationary spinneret, an additional force (eg: magnetic field, gravity, gas
bubble) is needed to initiate the electrospinning process. Researchers have established that the geometry of
the spinneret plays a crucial role in needleless electrospinning, showing that it affects the process and the
fiber quality. They found that compared to a cylinder spinneret, a disc spinneret has better electrospinning
performance, forming higher intensity electric field. Following these results, the researchers invented a spiral
coil setup and proved that the spiral coil had higher fiber production rate and better control toward the fiber
morphology compared to the disc and cylinder electrospinning. More recently, to continue the needleless
electrospinning, they created spinnerets using a moving bead chain or a spiral coil.[7]

This system can produce high-quality nanofibers with a significantly increased production rate compared with
needle electrospinning. Comparing to the other electrospinning setups, this method eliminates the high
possibility of clogging. Thus, needleless electrospinning cannot be controlled precisely, having fibers with
lower or greater diameters than the desired values and unstable morphology.[6]

DIFFERENT ELECTROSPINNING SOLUTIONS

Different polymer solutions have been used in electrospinning to obtain certain properties or to improve the
process without being necessary to modify the hardware configuration.
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EMULSION ELECTROSPINNING

Emulsion electrospinning allows for immiscible solutions to be electrospun into a single fibrous structure. In
this technique, the immiscible solutions are mixed into an emulsion which is then electrospinned.[8] It has the
advantage that core shell or composite fibers can be obtained without needing to modify the spinneret.
However, these fibers are more difficult to produce, as compared to coaxial spinning, due to the numerous
variables which must be taken in consideration for creating the emulsion. In some cases, the major
disadvantage of this method has been the need for the emulsified solution to remain stable throughout the
electrospinning process. To avoid phase separation, vigorous mixing of the polymer and other solutions and
the incorporation of an emulsifying agent has been necessary.[8] So, a water phase and an immiscible
solvent phase are mixed in the presence of an emulsifying agent to form the emulsion. During the
electrospinning process the emulsion droplets within the fluid are stretched and gradually confined leading to
their fusion, forming a continuous inner core.

Nanofibers obtained through emulsion electrospinning have shown potential in drug delivery and protein
release applications.[1]

MELT ELECTROSPINNING

The setup is very similar to the conventional electrospinning, including the use of a spinneret (syringe), a
high voltage power supply and the collector. The polymer melt is usually produced by heating from either
resistance heating, circulating fluids, air heating or lasers. Melt electrospinning can be considered an
alternative to solution electrospinning, eliminating the need for volatile solvents. This way we can obtain semi
crystalline polymer fibers such as PE, PET and PP, which would otherwise be impossible or very difficult to
create using solution electrospinning.

The fiber uniformity is very good upon achieving stable flow rates and thermal equilibrium. Due to the low
conductivity and high viscosity of the melt, the whipping instability, present in solution electrospinning, can be
absent from the process. The feed rate, the molecular weight of the polymer and the diameter of the
spinneret are the most significant factors which affect the fiber size. Due to the high viscosity of the polymer
melts, the fiber diameters are usually slightly larger than those obtained from solution electrospinning.

SPLASHING ELECTROSPINNING

This setup implies that instead of a regular capillary, a splashing needleless electrospinning method is used
to create nanofibers. The system setup consists in a metal roller spinneret, a stationary collector and a
syringe pump. The configuration of the system is shown in Figure 6. During electrospinning, the polymer
solution droplets are splashed onto the surface of the metal roller spinneret through the holes of the solution
distributor which is located above the spinneret. The advantage of this setup is its potential scale-up for
increased output of nanofibers by increasing the solution distributor length. It is a simplified electrospinning
setup due to the fact that gravity is used to assist in conveying the solution to the electrospinning sites.[9]
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Figure 6: Splash electrospinning schematic[9]
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CONCLUSIONS

The use of nanofibres offers the potential to significantly improve current technology and find application in
new areas. Applications for nanofibres include, among others, nanocatalysis, chemical and biological
protective clothing and masks, air and water filtration and nano-electronics [2], biomedical (eg. tissue
scaffolds, dental restructuring, cardiac and nerve regeneration [5], orthopaedic surgery [10], cell activities
and administration of drugs [1]). The methods to fabricate different kinds of nanofibers discussed above
expand the variety of applications in which nanofibers can be used. Among the applications, the area of
biomedical nanofibers has found extensive use of single needle, coaxial and emulsion electrospinning.
Mainly, all the electrospinning setups can be used for the same applications, the difference being the kind of
solution that is used in the process. A big difference is between the coaxial and emulsion electrospinning,
and the other setups, because the first two offer the possibility to create hollow nanofibers or core-shell
nanofiber structures. As expected, the multi-needle electrospinning is the setup that brings electrospinning to
industrialization, due to the fact that it can be a high speed process if we have enough spinnerets and power
source to feed the system. The needleless electrospinning is also a fast process which can be taken in
consideration. We should not forget about the control of the process parameters, a point where we think that
the standard setup with the single needle configuration beats all the rest of the configurations due to
simplicity and the fact that it's the senior configuration that has been analysed the most. But, even if the
electrospinning process is old and new setups have been developed, there are still gaps in the systems
configuration which have to be solved and filled.
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Section 3: Textile Structures and Properties

ELECTRICAL AND MECHANICAL BEHAVIOR OF MIXTURE OF FLAX
AND POLYESTER FIBRES

Adriana MUSTATA, Florin St.C. MUSTATA® and Danielle DOUGLAS®
'“Gheorghe Asachi” Technical University of lasi, Romania
? Engineering Technology, Purdue University, USA
® Industrial Engineering Technology, Purdue University, USA

Abstract: Chemical structure and different physical structure of flax and polyester can assigned different
electrical charges inside the fibers. During the processing and use due to the effect of friction, on the surface
of fibers or fabrics can appear electrical charges (positive or negative) depending on the chemical structure
of their components. The load with static electricity specific to dielectrics, favor the transfer of electrons or
ions from an area to another at the contact of two different surfaces until equilibrium is reached (lonescu
Muscel 1., 1990, Viad 1.,1964). The aim of this paper is to study the homogeneous mixtures of flax and
polyester fibers in terms of the electrical and mechanical behavior and to analyze the process of transfer and
compensation of the two kinds of properties.

Keywords: homogeneous mixture, flax, polyester, electrical properties, breaking elongation.

INTRODUCTION

Mixing of the natural cellulosic fibres with synthetic fibres in different proportions may vary their electrical
resistance. By friction, textile fibres absorb a large amount of electrons [1-2]. Thus, a method to reduce the
static electricity charge of the textile fibres can be the mixing process of different types of fibres. Electrostatic
behavior of the fibres and yarns depends on their thickness, and their surface condition, the material nature
from which they are made, temperature and relative air humidity etc. The moisture content influence in a
large extent, electrical permittivity value because the textile moistened constitutes a mixture of fibres on

& =2-6,airwith £ =1,and water by £ =80. It is noted the large share of the water on the values of
permittivity [3].

Chemical structure of polymer fibers, respectively the presence or absence of polar groups and the
macromolecules orientation influences the electrical permittivity [4]. Elementary flax fiber is constituted by
almost pure cellulose [5]. In figure 1 is shown the structural unit of cellulose.

HC 204 H OH 6CH,OH H oW
C 2 5
OO ke 01 0 H }
HO-NH | g\ 0—\PH H H
H  ow oloH
L ¢CHL,0H H O pp CHpoH

—— unitate structurald

2

Figure 1. Structural unit of cellulose, [4].
The elementary unit of cellulose contains three free hydroxyl groups, one primary to C6 and two secondary

to C2 and C3. These groups differ each other in reactivity atoms, so the primary hydroxyl is 5-6 times more
reactive than the secondary hydroxyls.
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Polyester fibres type flax is cut to 100 mm length. The polyester used in blended with flax is polyethylene
terephthalate obtained by polycondensation reaction of dimethyl terephthalate (DMT) and ethylene glycol

(EG). In Figure 2 is presented structural unit of polyethyleneterephthalate (PET).

7 9
H—(0CH,—CH,~0-C Jo—OH
PET

Figure 2. Structural unit of polyethyleneterephthalate (PET), [6].

Supramolecular structure of polyester fibres and of cellulose is biphasic type, the share of the two zones
(amorphous and crystalline) depending on the phases of processing. Filamentary yarns cooled are
noncrystalline. Crystallization takes place at the stretching. In normal climatic circumstances, the polyester
fibres have a low hygroscopicity of around 0.4% which causes good electrical insulating properties, even at
high temperatures. Reduced moisture content causes high capacity of electrostatic charge of the polyester
that affect the processing behavior causing accumulation of dust and dirt on products from 100% polyester
[7].

This paper presents a study of some homogeneous mixtures of flax and polyester fibers in terms of the
electrical and mechanical behavior.

EXPERIMENTAL
Materials
Fibres used in this study were like roving. There were analysed the following types of roving: flax 100%;

PES 100%; 67% flax and 33% PES; 50% flax and 50% PES.

Metods used

The variation of the electric permittivity related with the specific material was measured with capacitor
method. The installation wiring diagram is shown in Figure 3. Measuring of the capacity of the fibers is made
like roving. Textile materials analyzed were used as dielectric for a capacitor Cx (Figure 3). Measuring of the
capacity of the fibers like roving was performed with Ultra-precision Capacitance Bridge AH 2700 A
(ANDEEN-HAGERLING - 50 Hz-20 kHz) apparatus.

Cx

Figure 3. The installation wiring diagram where the fibres like roving layer represent the equivalent of a
capacitor (Cx).

Evaluation of the electrical behavior of the fibres studied in this paper was made using relative electrical
permittivity. The fibers were pressed between two polished aluminum electrodes having the area (A) of

0.05 m? (250 mm x 200 mm) with a force of 30 kg/m2'. The values of the relative electrical permittivity (fr)
were calculated using the equation (1), [7]:
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_C-d

5’_50-14

(1)

where: C is the capacitance of the material, (F); d is the thickness of the sample, (m); fo- electrical

permittivity of vacuum or air, ( &, =8.85- 102 F/m)and A is the area of sample under electrode, (m?).

The electrostatic behavior of the fibers depends by their surface state, by their thickness, by chemical and
supramolecular structure and by the temperature and relative air humidity. The thickness of the stratum of
roving was measured on a MICROMASTER capa u system 1P54 TESA micrometer. The measuring of the

capacity and of the thickness was made in ten points on the surface of the stratum of roving. Measurements
were conducted in the following work conditions: temperature: 25°C, air relative humidity: 35%.

The tensile strength of the flax fibres from raw roving was measured according to ISO 2062 on TINIUS
OLSEN H5 K-T (UK) by automatic registering of the force—extension curve. Average length of the flax fibers
from roving was 210 mm. The initial length of the tested sample was 50 mm. The distance 50 mm between
the clamps of the dynamometer allows the registration of the strength and the elongation at break of the
fibers. Average title was 3 tex for flax fibres and 0.6 tex for polyester fibers. The average number of fibers
from the cross section has allowed the establishing of fiber strength. For the serial testing in wet stage, the
fibres were stressed after 10 minutes of moistening.

Fourier transform infrared (FTIR) spectra of polyester and flax were measured using a Vertex 70
spectrophotometer (Bruker-Germany). The frequencies were expressed in wavenumbers [cm'1]. FTIR
spectra are recorded in the 400-4000 cm™ domain with a resolution of 4 cm™.

RESULTS AND DISCUSSION

In Table 1 are presented the values of the electrical permittivity of fibres homogeneous blended like roving
from flax and PES, in dry stage, as the average of 10 measurements.

Table 1. Electrical permittivity of fibres homogeneous blended like roving from flax and PES, in dry stage

Nr. crt. | Name of product Length density | Capacity, Thickness Relative

of the roving, [nF] of the electrical
[tex] roving permittivity,
layer, [mm] <

1. Roving from 100% PES 330 0.8 0.9 1.63

2. Roving from flax 100% 888 0.7 1.4 1.89

3. Roving from 67% flax + 33% PES 380 1.2 1.0 2.26

4. Roving from 50% flax + 50% PES 380 1.0 1.0 2.44

Analysis of relative electrical permittivity of the flax fibers, polyester and mixture of flax and polyester (Table
1) allows to the following comments:

Under the same test conditions, the relative electrical permittivity of the flax fibers of 1.89 is close to that of
polyester fibers (1.63), by the difference of around 14% (13.7%). This difference may be due to the different
internal structure of the two types of fibers. The flax fibers used in this experiment are raw fibers composed
from fascicles of cells and natural pigments, potential carriers of electrical charges, as assessed by FT-IR
analysis (Figure 4). The major polar groups of the chemical structure in the two types of fibers with active
role of the electrical behavior are: in polyester: ester groups (-OC = O), (Figure 5), and in cellulose: hydroxil
groups (-OH), (Figure 4). In the spectrum of polyester, the signal located at 1713 cm™ can be attributable to
C = O from the carboxyl group and the signals present in the range of 1300-1045 cm™ can be assigned to
the ester group. The hydroxil groups from cellulose are present as a broad signal at 3300 cm™.

The values of relative electrical permittivity of the mixture from flax and polyester fibres are higher compared
to those measured for the two pure fibers (Table 1). The cause may be the compensation of the negative
electrical charges of polyester fibers with positive electrical charges of the cellulose from flax, that polarize
temporarily fibres from the mixture [8].

69



[

CORTEP 15™ Romanian Textiles and Leather Conference — CORTEP 2014

/|

1 4 - 6 September 2014, Poiana Bragsov, Romania
o
7
g# g
Ex OH i,
; i
ap )
2 R
. co -C-0-C-
|l Iy L TR I
Pos B gt o g ! Ll
e . = 9 0 ot i . 1 P RAAAR 3 i
Wi LT (4 o F- -] am = m = 1om
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The presence of polyester fibres in structure of fabrics type flax improves the behavior of the mixture to
electrical and mechanical requests. Major disadvantage of flax, which creates problems in processing and
use of products from 100% flax, is reduced elongation at break. Polyester fibres show a high degree of
uncreasable that keeps to wearing products [6]. The mixture of flax with polyester contributes first of all on
increase the elongation at break of the fibres mixture (Figures: 6 - 9).
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Figure 6. Force-extension curves of fibres from roving Figure 7. Force-extension curves of fibres from
flax 100%, tested in dry state: 1-5 curves and in wet roving PES%, tested in dry state: 1-5 curves

state after 10 minutes wetting: curves 6-10. and in wet state after 10 minutes wetting: curves
6-10.
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Figure 8. Force-extension curves of fibres from Figure 9. Force-extension curves of fibres from
roving: 67% pes — 33% flax, tested in dry state: 1-5 roving: 50% pes — 50% flax, tested in dry state:
curves and in wet state after 10 minutes wetting: 1-5 curves and in wet state after 10 minutes
curves 6-10. wetting: curves 6-10.
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The specific resistance of the flax fibers in dry state was 5.2 cN / tex and in wet condition 6.2 cN / tex.
Increases of the strength fibers in the wet state by almost 20% after 10 minutes of wetting may be related to
increased hydrogen bonds created between macromolecular chains by water absorption. Low relative
elongation of fibers in wet state is maintained in the level of 2.5%.

Polyester fibers have similar tensile behavior in dry and humid stages (Figure 7) due to the low
hygroscopicity of fibers. This is reflected by values close in two different situations, the specific resistance of
the fibers of 30.9 cN / tex, respectively 31.3 cN / tex and relative elongation of 16.9%. Fibers from mixed
67% polyester and 33% flax have specific resistance in the range 20.5-21 cN / tex, in dry state and after 10
minutes of wetting. Average relative elongation of the fibers in the mixture is 15% in dry and 14.8% in wet
state.

In the case of mixture of 50% and 50% polyester, the average tenacity is of 10.2 cN / tex in dry state and
16.6 cN / tex in wet condition. The behavior to moisture of the fibers of this mixture is dominated by the flax
fibers to which increase the wetting resistance. Average relative elongation is at the level of 26-27% in both
cases.

CONCLUSIONS

The presence of polyester fibers in a mixture with flax, increases first of all the elongation at break, which
will cause a better behavior at processing and use.

The homogeneous mixture of flax and polyester present an improvement of electrostatic characteristics
after friction, by compensation of the negative electrical charges of polyester fibers with positive electrical
charges of the cellulose from flax, that polarize temporarily fibres in the mixture.

These mixtures contribute to offsetting the physical and mechanical inconveniences of each type of fibers
through the properties of the second type.
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THE EFFECTS OF HEAT-SETTING ON THE TENSILE PROPERTIES OF
FLAX/POLYESTER YARNS

Cristina RACU
“Gheorghe Asachi” Technical University of lasi
Faculty of Textiles, Leather and Industrial Management, Romania

Abstract: The heat-setting treatment improves efficiency and quality in weaving and knitting plants by
slackening yarns, by snarling preventing, by reducing yarn tension, and by fixing yarn twisting. In order to
determine how heat-setting influences the tensile properties of flax/polyester blended yarns, on a wet
spinning frame there were obtained yarns with average linear density of 140 tex and a composition of 23%
flax, 46.7% polyester fibers and 30.3% polyester filaments. After spinning, they were dried and then heat
treated at different durations. The analysis of the stress-strain diagrams has demonstrated structural
transformations during the deformation of the flax/polyester yarns with filament core. Heat-setting has led to
a decrease of yarns mechanical work at break and to a decrease of the factor of mechanical work, but for the
treatment with a duration of 5 minutes the values were close by those of the untreated yarn.

Keywords: flax/polyester yarns, tensile properties, heat-setting.

INTRODUCTION

The aims of heat-setting are to slacken yarns, to prevent them from snarling, and to fix yarn twisting, thus
making them able to be processed productively in the subsequent operations. The heat-setting treatment
improves efficiency and quality in weaving and knitting plants by reducing yarn tension, eliminating
electrostatic effects and reducing fly and dust [1]. Previous studies have indicated that the effects of
steaming methods on the tenacity, and unevenness of 100% cotton and 100% viscose yarns were
statistically significant [2]. The changes of yarns characteristics depend on the treatment parameters, and in
some cases heat setting may lead to a loss of mechanical properties [3]. Therefore, the experiments which
results are presented in this paper have aimed to determine how heat-setting influences the tensile
properties of flax/polyester blended yarns with filament core.

EXPERIMENTAL

The roving made of 67% polyester and 33% flax fibers was processed on a wet spinning frame together with
a polyester filament yarn as core yarn. The resulted yarns have had an average linear density of 140 tex and
a composition of 23% flax, 46.7% polyester fibers and 30.3% polyester filaments. After spinning they were
dried and then heat treated. In order to determine the influence of the duration of the treatment on the
tensile behavior, yarns have been heat treated at different treatment duration, for 5 minutes, 10 minutes, 15
minutes, 20 minutes and 25 minutes. Detailed information about the method use for the heat treatment and
about the characteristics of the polyester fibers and filaments were presented in a previous paper [4]. From
the same flax/polyester roving it was obtained an yarn which was compared with the one spun with the
filament core.

The mechanical characterization of the blended flax/polyester yarns was realized according to the
standardized methodology (ISO 2062), using a Tinius Olsen H5KT electronic dynamometer and an
electronic analytical balance. Before testing, the flax/polyester yarns were conditioned in a standard
atmosphere for 24 hours. The initial length of the tested sample was 500 mm. The Tinius Olsen yarn tester
registers automatically the values of the breaking force, the breaking elongation and the force-elongation
curves. With the help of these curves there was determined for each type of yarn the mechanical work of
breaking, which is defined as the necessary energy consumed for yarn elongation up to the breaking
moment. This energy is given by the area enclosed under the force-elongation curve [5,6]. For the
proportionality area it was determined the slope of the curve.
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The factor of the mechanical work was calculated as a ratio of the real mechanical work and the theoretic
mechanical work.
MWreal

e (1)
M Vvtheoretic

fuw =
where:
fuw is the factor of mechanical work;
MW, — the real mechanical work, the area enclosed under the force-elongation curve;
MWiheoretic — the theoretic mechanical work, which is given by the entire area or by the product of the breaking
force and the elongation at break [5,6].

RESULTS AND DISCUSSION

Analyzing the graphs presented in figures 1 to 7, it can be observed that the configurations of the stress-
strain curves are characterized by three zones. Thus, for the first zone the stress-strain curve starts at the
lower left point as straight line, because the load increases in direct proportion to the extension of the
specimen, according to Hooke’s Law, until the highest point attained before the line begins to curve, which is
called the proportional limit [5,6,7]. Beyond this point the curve proceeds with a zone characterized by elastic
deformations, until the point corresponding to the elastic limit, which is the maximum stress that can be
applied without any permanent strain remaining when the stress is released. The second zone is
characterized by a great deformation for relatively small loads, in presence of the flow phenomenon, and the
third zone is characterized by a modification of the curve slope, corresponding to accelerated breaks,
finalized by the yarn break.

The behavior of the yarns in the proportionality area of the stress-strain curve is different for the heat treated
yarns in comparison with that for the untreated yarns. Thus, for the untreated flax/polyester yarn with
filament core it was recorded the highest value of the load corresponding to the limit of proportionality, as
can be seen in figure 2. For the flax/polyester yarn with filament core, heat treated for 5 minutes, the load
corresponding to the limit of proportionality slightly decreases and the elongation increases, as can be
observed in figure 3. For the flax/polyester yarns with filament core, heat treated for 10 to 25 minutes, the
loads corresponding to proportional limits decrease intensely and the elongations slightly decrease, as can
be found in figures 4 to 7. The yarn fibers are fixed in the yarn sections, because of the twist applied to the
yarns and because of the binding substances between flax fibers which remains on the fibers after their exit
from the immersion vat of the wet spinning frame. The drying process that follows the wet spinning
contributes to the fixing of the fibers into the yarn through these binding substances, leading to yarn
strengthen. After heat-setting the structure of yarns modifies, the number of fibers fixed into the yarn
decreases, the adhesion coefficient varies and the density of the fibers in the yarn modifies as a
consequence of the yarn shrinkage. Thus, for the yarns heat treated for 10 to 25 minutes, the loads
corresponding to proportional limits decrease intensely and the afferent elongations slightly decrease.

The flow zone on the stress-strain diagram is characterized by a large extension due to slightly small loads.
For all tested yarns the slope of the curve in the flow area decreases strongly compared with the slope of
initial straight portion of curve. The slope of flow area varies between 10.7 and 16.7 degrees for
flax/polyester yarns with filament core. Analyzing the graphs presented in figures 1 and 2 it can be found that
the difference between the values of the maximum and minimum extensions corresponding to the flow zone
is greater with approximately 3% for the untreated flax/polyester yarn with filament core, than the
flax/polyester yarn, untreated. In the same time, for the untreated flax/polyester yarn with filament core, this
value is the greatest among the recorded values for the differences between the maximum and minimum
extensions appropriated to flow zone for all type of yarns. For the heat treated yarns this difference slightly
decreases with 1-2%. The differences between maximum and minimum specific stresses corresponding to
the flow zone, for all type of yarns, vary between 2 and 3.5 cN/tex, but the minimum value decreases with
almost 3 cN/tex for the heat treated yarns, with a duration of the treatment of 10 to 25 minutes, compared
with the untreated flax/polyester yarn with filament core.

The breaking zone of the stress-strain curve is characterized by accelerated breaking phenomena which
occurs in the weakest part of the stressed section of yarn. During the breaking process, irreversible
slippages take place between the macromolecular chains of the fibers internal structure. Massive
displacements take place between fibers also, and when the forces applied to the yarns overcome the
friction forces between fibers and the binding forces between the macromolecular chains, the yarn breaking
occeurs.
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Figure 1: Stress-strain diagram for flax/polyester yarn, untreated (trend curve)
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Figure 2: Stress-strain diagram for flax/polyester yarn with filament core, untreated (trend curve)
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Figure 3: Stress-strain diagram for flax/polyester yarn with filament core, heat treated for 5 minutes (trend
curve)

The flow area is separated by the breaking moment by an area in which it is recorded an increasing of the
slope of the curve, as a consequence of a temporary phenomenon of strength increasing caused by the
interchain binding formed by chain parallelization. The slope of the curve in the breaking area compared with
the slope of the flow zone is a little greater, but it is smaller in comparison with the slope of the initial straight
portion of curve, the values varying between 18.1 and 23 degrees, for flax/polyester yarns with filament core.
The differences between the values of the maximum and minimum extensions corresponding to the breaking
zone, for the flax/polyester yarns with filament core, vary between 4 and 7%. The differences between
maximum and minimum specific stresses corresponding to the breaking area, for the same yarns, vary
between 2 and 4.5 cN/tex.
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Figure 4: Stress-strain diagram for flax/polyester yarn with filament core, heat treated for 10 minutes
(trend curve)
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Figure 5: Stress-strain diagram for flax/polyester yarn with filament core, heat treated for 15 minutes
(trend curve)
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Figure 6: Stress-strain diagram for flax/polyester yarn with filament core, heat treated for 20 minutes
(trend curve)

The mechanical work at break represents the energy necessary for yarn extension up to the time of breaking
and it can be deduced by calculating the area enclosed under the force-elongation diagram. Values of the
breaking mechanical work for the flax/polyester yarns with filament core are presented in table 1. For
flax/polyester yarns with filament core, heat treated, there were recorded smaller values of the breaking
mechanical work in comparison with the untreated flax/polyester yarn with filament core. This result is a
consequence of water vapors absorption of fibers during the heat-setting which modifies the yarns structures
and the internal configuration of fibers. The water vapors soak the binding substances of flax thus slacken
the bindings between fibers, which do not oppose with a great resistance during tensile testing. The loss of
fiber strength is increasing with the duration of treatment at higher temperatures, especially in the presence
of air, as a result of oxidative degradation [6].
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Figure 7: Stress-strain diagram for flax/polyester yarn with filament core, heat treated for 25 minutes
(trend curve)

Table 1: Factors for the estimation of the tensional behavior

Type of yarns Mechanical Factor of Slope of initial Breaking Breaking
work at mechanical | straight portion of specific strain, %
break, J work curve, degrees stress, cN/tex

Flax/polyester yarn,

0.8391 0.6143 79 18.49 18.70
untreated

Flax/polyester yarn with

- 1.2787 0.6648 67 13.84 19.74
filament core, untreated

Flax/polyester yarn with
filament core, heat 1.1822 0.6480 61.5 12.61 19.28
treated for 5 minutes

Flax/polyester yarn with
filament core, heat 0.8125 0.6138 56.7 10.40 17.73
treated for 10 minutes

Flax/polyester yarn with
filament core, heat 0.7737 0,6271 56.8 10.02 16.95
treated for 15 minutes

Flax/polyester yarn with
filament core, heat 0.8144 0.5958 55.8 10.43 18,06
treated for 20 minutes

Flax/polyester yarn with
filament core, heat 0.7600 0.6150 54 9.63 17.43
treated for 25 minutes

The yarn ability to support strains and deformations can be evaluated by the factor of mechanical work,
which for the ideal curve has the value of 0.5, according to Hooke’s law. Analyzing the data presented in
table 1, it can be found that all the values of the ratio of mechanical work are greater than 0.5, which means
that the fibers develop a strong resistance to deformation. This resistance decreases with the increasing of
the duration of heat treatment applied on yarn, as a result of the decreasing of the cohesion forces. Under
the influence of heat occurs chemical modification in flax and polyester fibers, such as degradation,
decomposition, cross-linking, etc. In general, the breaking strength decreases with the increasing of
temperature as a result of the increase in kinetic energy and in molecular mobility [6].

The slopes of initial straight portions of curves decrease with the increasing of the duration of the treatment.
Thus, for a heat treatment of 25 minutes the corresponding slope decreases with 13 degrees compared with
the slope of the initial straight portions of the curve recorded for the untreated flax/polyester yarn with
filament core, as can be observed in table 1.

The maximum value of the breaking specific stress was recorded for the untreated flax/polyester yarn, as
can be seen in table 1. As concern the flax/polyester yarns with filament core, for the untreated yarn it was
recorded the maximum value of the breaking specific stress, followed by the yarn heat treated for 5 minutes.
Durations of treatment longer than 5 minutes have lead to a decrease of the breaking specific stress by
maximum 30%. As concern the yarn extension at break, the maximum values have been recorded for the
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flax/polyester yarn with filament core, untreated, and for the flax/polyester yarn with filament core, heat
treated for 5 minutes. For flax/polyester yarn treated more than 5 minutes, the extension have decreased
with maximum 2.3%, compared with the untreated yarn.

CONCLUSIONS

The analysis of the stress-strain diagrams has demonstrated structural transformations during the
deformation of the flax/polyester yarns with filament core.

Heat-setting has led to a decrease of yarns mechanical work at break and to a decrease of the factor of
mechanical work, but for the 5 minutes treatment the values were close by those of the untreated yarn.
The breaking specific stress decreases as a result of the application of heat treatment on yarns; for a
heat-setting duration of 5 minutes it was recorded a value of the specific stress proximate to that
obtained for the untreated flax/polyester yarn with filament core.

The breaking strain decreases as a consequence of heat-setting, but for a treatment duration of 5
minutes it was registered a value of the breaking strain close by that resulted for the untreated
flax/polyester yarn with filament core.

The optimal duration of heat-setting is of 5 minutes; after the heat treatment the structure of yarns
modifies, the number of fibers fixed into the yarn decreases, the adhesion coefficient varies and the
density of the fibers in the yarn modifies as a consequence of the yarn shrinkage. Thus, for the yarns
heat treated for 10 to 25 minutes, the loads corresponding to proportional limits decrease intensely and
the afferent elongations slightly decrease.
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Abstract:

The paper deals with the influence of plasma treatment process parameters on tensile properties of PP
fibers by using ANCOVA (Analysis of covariance) model. This model is a general linear model which blends
ANOVA and regression. ANCOVA evaluates whether population means of a depedent variables (DV) are
equal across levels of a categorical independent variable (IV). Statistically, the model control the effects of
other continuos variables that are not of primary interest, known as covariates (CV).The study has been
conducted on three groups of PP fibers depending on fibers position (random, parallel or vertical position) to
the electrodes in the treatment field and the coefficient of friction fiber / metal. The position of PP fibers and
the coefficient of friction fiber/metal been used as independent variables and tensile strength as dependent
variables for ANCOVA model. Based on experimental data, the model find a significant between groups.

Keywords: plasma, ANCOVA model, tensile properties,SPSS

1. INTRODUCTION

Low-temperature plasma technology - both glow discharge under reduced pressure as well as barrier
discharge under normal pressure - are well established in different industrial applications [1, 2]. However, the
plasma technology is being introduced in textile industry as well. Fields of application are desizing,
functionalizing, and design of surface properties of textile fibers [3, 4]. Plasma technology is suitable to
modify the chemical structure as well as the topography of the surface of the fiber. Hence, an additional
surface modification is required to achieve the desired properties, while maintaining the characteristics of the
volume [5, 6, 7].

Polypropilene (PP) is a very interesting material for plasma treatment: it is a very hydrophobic material with
extreme low surface tension. The plasma treatment will improve fibers properties in special wettability or
adhesion properties [7]. Plasma technology, when developed at a commercially viable level, has strong
potential to offer in an attractive way achievement of new functionalities in textiles. In recent years,
considerable efforts have been made by many plasma technology suppliers to develop both low-pressure
and atmospheric-pressure based plasma machinery and processes designed for industrial treatment of
textiles and nonwovens to impart a broad range of functionalities [8].

The paper uses the mathematical model ANCOVA to determine correlations between tensile strength and
fiber position in the field of treatment, the coefficient of static friction fiber-metal.

ANCOVA model is a useful statistical procedure that is commonly utilized in experimental designs. ANCOVA
is essentially a hybrid form of multiple regression and ANOVA and is used to make comparisons between
two or more group means after statistically removing the effect of one or more extraneous variables
(covariates) on the dependent variable (DV) [9].The purpose of the ANCOVA in experimental designs is to
increase the sensitivity of the test of main effects and interactions by reducing the error term [10]. In
ANCOVA, the error term is adjusted for the relationship between the DV and the covariate (CV). ANCOVA,
CVs are used to assess the “noise” or undesirable variance in the DV that is estimated by scores on the CV
[9-12].

2. EXPERIMENTAL

2.1. Materials

For experiments were used wool-type polypropylene fibres of 6 dtex/ 60 mm, of which yarns destined to
double plush carpets manufacturing were obtained. The polypropylene fibres were treated in plasma medium
in order to establish if and how their surface and physical-mechanical properties are affected and if
improvements can be brought to the polypropylene fibres processing and finishing processes. Being a fibre
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from the non-polar materials category, the adhesion of inks, dyestuffs and adhesives is much reduced, which
makes difficult operations like: printing, dyeing, stratification, flocking, etc.

2.2. Methods

Plasma treatment of polypropylene fibres was performed on a HF-CORONA CGH-20, ARCOTEC GmbH
Rotweg installation [13], consisting of three components: Generator, High Frequency Transformer (HVT);
Discharge Unit. The alternative current is transformed in direct current, which is then activated at a high
frequency of 25+50 kHz with a voltage of up to 25 kV.
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Figure 1. HF-CORONA CG-20 treatment installation

The plasma treated polypropylene fibres have been tested from a physical-mechanical standpoint on the
apparatus Textechno H-Stein GmbH 4106 Mdénchengladbach, Fafegraph ME, Germany, which records both
the individual stress-strain diagrams, and the average diagram; it processes the obtained data and displays
the statistical parameters.

3. RESULTS AND DISCUSSION

3.1. Collection, systematization and processing of experimental data
The database in SPSS (Statistical Package for the Social Sciences) includes 25 records concerning the
tensile strength variation and the coefficient of fibre/metal friction, differentiated through the fibres position in
the treatment field (fibres placed randomly, parallel and perpendicular to the electrodes).
An ANCOVE regression model is built with a nominal independent variable and a quantitative variable, in
which:
dependent variable (Y) = variation of tensile strength Pr (cN);
nominal independent variable = yarn position (random fibres, fibres parallel to the electrodes and fibres
perpendicular to the electrodes);
quantitative independent variable: coefficient of fibre/metal friction, ps.

3.2. (Enunciation of) Hypotheses

Ho: there are no significant differences between the tensile strengths of polypropylene fibres depending on
the fibres position in the treatment field, and the static coefficient of fibre/metal friction;

H1: there are significant differences between the tensile strengths of polypropylene fibres depending on the
fibre position in the treatment field, and the static coefficient of fibre/metal friction.

3.3. Building the regression model

The nominal independent variable “yarns position” has three categories; therefore two dummy variables will
be built. The position of the reference fibres (D1, D2= 0) will be that of random yarns; therefore all the
interpretations will be made in comparison with this category of fibres. Table 1 presents the transformation in
dummy variables.

Table 1. Transformation in dummy variables

Group D, D, Fibres position
1 1 0 Fibres parallel with the electrodes
2 0 1 Fibres perpendicular to the electrodes
3 0 0 Random fibres
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The ANCOVA model is defined by the relation:

Y=a,+ayDi+a,D, +B4 X4 +¢

Conditioned mean:

M (Y/D) = (0, + az) + B4 Xy D;y=0, D, =1- variation of tensile strength for random fibres;

M (Y/D) = (o, + ap) + B4 Xy Dy =1, D, =1 -variation of tensile strength for fibres perpendicular to the
electrodes;

M (Y/D) =(a, +aq) + B4 Xy D;y=1, D, =0 - variation of tensile strength for fibres perpendicular to the
electrodes.

The coefficients of ANCOVA model are calculated in Table 2. The model's estimators and estimates are
defined similarly to the previous models.

Tabel 2 — Model ANCOVA - Coefficients®

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 21.136 3.423 6.175 0.000
D, -3.923 0.404 -1.002| -9.705 0.000
D, -1.962 0.497 -0.404| -3.951 0.001
Coefficient friction -5.122 9.706 -0.049| -0.528 0.603

a. Dependent variable: breaking strength Pr (cN)

The regression model will have the form:
Y =21.136 —3.923 D, — 1.962 D, — 5.122 X

3.4. Interpretation

a) a, = 21.136 - variation of tensile strength of random fibres under the condition that the friction coefficient is
zero;

b) a, + a; = 21.136 - 3.923 = 17.213 - variation of tensile strength of the fibres parallel to the electrodes
under the condition that the friction coefficient is zero;

C)a, + a; =21.136 - 1.962 = 19.174 - variation of tensile strength of the fibres perpendicular to electrodes
under the condition that the friction coefficient is zero;

d) b= - 5.122 shows the variation of tensile strength of random fibres when the contact surface between
fibres and electrodes is smaller, therefore the friction coefficient decreases. In Table 2 one can notice that
Sig. < 0.05 (except for sig. for the friction coefficient, its value being 0.603).

Note: Though Sig. for the friction coefficient exceeds the value 0.05 (which proves that the friction coefficient
does not significantly influence the dependent variable), it was not excluded at processing through Backward
method (Table 3).

Tabelul 3. Variables Entered/Removed®

Variables
Model Variables Entered Removed Method
1 Coefficient friction, D, D4 0.000 Enter

a. All requested variables entered.
b. Dependent Variable: Breaking strength Pr (cN)

By interpreting the value of Sig., one can conclude that there are significant differences between the
variation of tensile strength of polypropylene fibres depending on the fibres position in the treatment field (the
null hypothesis H, is rejected). The fibre/metal friction coefficient significantly influences the variation of
tensile strength for random fibres.

3.5. Hypothesis on errors

3.5.1. M(g) = 0 (null error mean).

Hypotheses:

Ho:M(e)=0

Hi:M(e)#0

One applies the t Student test for errors (unstandardized Residual) - Table 4.

Tabel 4 — One-Sample Test
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Test Value =0

95% Confidence Interval
of the Difference

Sig. (2- Mean
t df | tailed) | Difference Lower Upper
Unstandardized Residual | 0.000| 24 1.000| 0.00000000| -0.3433753| 0.3433753

Sig. = 1 (>0.05), therefore H, is accepted, the error mean being 0.

3.5.2. V (gi) = o’ (homoscedasticity hypothesis)
A test of non-parametric correlation between estimated errors and dependent variables is applied; then and

the Sperman correlation coefficient and the Student tests are calculated for this coefficient (Table 5).

Hypotheses:

H,: the correlation coefficient differs insignificantly from O (null hypothesis of the test t Student)
Hq: the correlation coefficient significantly differs from 0 (the null hypothesis of the test t Student is

rejected).

The values of Sig. t for the correlations are: breaking load Pr (cN)- estimated errors (0,181), D4- estimated
errors (0.710), D,- estimated errors (0.895), friction coefficient - estimated errors (0.667) are >0.05; the null
hypothesis of the Student test is rejected, therefore the model is homoscedastic.

Table 5. Spearman test for the verification of homoscedasticity hypothesis
breaking
load Pr Coefficient | Unstandardized
(cN) D1 _ D2 friction Residual
Spearman's breaking  Correlation 1.000| -0.860 0.069 -0.079 0.276
rho load Coefficient
Pr (cN) Sig. (2-tailed) |. 0.000| 0.742 0.707 0.181
D, Correlation -0.8607 | 1.000| -0.443 0.112 0.078
Coefficient
Sig. (2-tailed) 0.000. 0.026 0.594 0.710
D, Correlation 0.069| -0.443 1.000 -0.202 -0.028
Coefficient
Sig. (2-tailed) 0.742 0.026 . 0.334 0.895
Coefficient Correlation -0.079 0.112| -0.202 1.000 0.091
friction Coefficient
Sig. (2-tailed) 0.707 0.594 0.334 (. 0.667
Unstandar Correlation 0.276 0.078| -0.028 0.091 1.000
dized Coefficient
Residual  Sig. (2-tailed) 0.181| 0.710| 0.895 0.667 | .

**_ Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).
3.5.3. g ~ N(0, 6°) - Hypothesis of normality

The normality of errors distribution is tested by means of the Kolmogorov- Smirnov non-parametric test

(Table 6).

Table 6 — Test of normality hypothesis

. Unstandardize
One-Sample Kolmogorov-Smirnov Test d Residual

N 25
Normal Parameters®® Mean 0.0000000
Std. Deviation 0.83186083

Most Extreme Absolute 0.120
Differences Positive 0.092
Negative -0.120

Kolmogorov-Smirnov Z 0.598
Asymp. Sig. (2-tailed) 0.867

a. Test distribution is Normal.
b. Calculated from data.
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Sig. = 0.876 (bigger than 0.05), therefore the hypothesis of normality is accepted (H,).
As one can see in Figure 2, the parameter estimations indicate a deviation of errors distribution from the
normal distribution.

Mean = -9,02E-17
Std. Dev. = ,83736
N=25
6
>
g .
S 4
=
(<2
o
[
P
0 T
-3,00000 -2,00000 -1,00000 ,00000 1,00000 2,00000
Unstandardized Residual
Figure 2. Estimated errors distribution
3.5.4. cov (&, &) — error autocorrelation test
Hypotheses:
Ho: p= 0 (errors are not correlated)
Hq: p # 0 (errors are correlated.
Verification is made with Durbin-Watson test (Table 7).
Table 7. Durbin-Watson test for error auto correlation verification
Adjusted R Std. Error of Durbin-
Model R R Square Square the Estimate Watson
1 0.908% 0.824 0.799 0.88930 2.036

The value 2.036 is compared with the calculated value of the test (dl, du). One can notice that the obtain
value ranges within the interval (du, 4 — du), which leads to the acceptance of null hypothesis (errors are not
auto-correlated).

The test statistic is the following: DW =d =2(1- p)where p is the correlation coefficient error estimator and

fulfilling the following condition: - 1: p< 1. If d=2(1- p); the statistic values are within the range: 0: d: 4.
The calculated value of Durbin-Watson statistic d.,c = 2.036 is shown in Table 6. This value is compared

with the critical values, noted d, = 1.288 (lower limit) and dy=1.454 (upper limit) which are read from the
Durbin-Watson table for a threshold of significance 0.05, for a regression model with two parameters [14].
3.6. Test of independent variables co-linearity

Test of independent variables co-linearity in Table 8

Table 8. Test of independent variables co-linearity- Coefficients
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Standardize
Unstandardized d 95,0% Confidence Collinearity
Coefficients Coefficients Interval for B Statistics
Std. Lower | Upper
Model B Error Beta t Sig. | Bound | Bound | Tolerance VIF
1 (Constant) 21.14 3.423 60.18| 0.000| 14,018 28.254
D, -3.923 0.404 -1.002|-9.705| 0.000| -4.764| -3.082 0.786 1.273
D, -1.962 0.497 -0.404-3.951| 0.001| -2.995| -0.929 0.802 1.247
coeffriction |-5.122 9.706 -0.0491-0.028 | 0.603| -25.306| 15.062 0.977 1.023

The value of the VIF indicator ranges between (1.023 + 1.273), which indicates that there is a co-linearity
between the independent variables used in the model.

CONCLUSIONS

1. The ANCOVA model permits us to evaluate the homogeneous character of a population by separating
and testing of the effects caused by the considered factors.

2. If the test data obtained after trials on the elements of a sample taken from one homogeneous population
are divided in distinct groups, then the mean values of the groups do not differ significantly between
themselves.

3. In the case of a non-homogeneous population, the deviations of the individual values as compare to the
mean value are no longer accidental and when dividing the test data in distinct groups, the mean values
differ between themselves significantly because of some causes having a systematic action.

4. The plasma-treated polypropylene fibres loose part of their tensile strength, namely they have smaller
values than for the untreated fibres; this indicator is influenced by the treatment conditions and the fibres
position in the treatment field.

5. For all the tested variants the coefficients of fibre-metal friction recorded values above the withess-sample;
the bigger increase of the static friction coefficient of about 33% being obtained at the variants at which the
fibres were disposed parallel to the electrode.

6. By using the ANCOVA model and interpreting the Sig value, one can draw the conclusion that there are
significant differences between the tensile strength variations of polypropylene fibres depending on the fibres
positions in the treatment field (the null hypothesis H, is rejected). The coefficient of fibre-metal friction
significantly influences the tensile strength variations of the random fibres.
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COMPUTER METHOD FOR EVALUATING OF CROSS-SECTION
FILAMENTS IN PP YARNS USED FOR CARPETS

Catalin VILCU, Liliana HRISTIAN, Demetra L. BORDEIANU, luliana G. LUPU

and Adrian VILCU
“Gheorghe Asachi” Technical University from lasi, Romania

Abstract: In this paper, image processing technique applied to the cross-sectional areas of the filaments in
PP yarns. There are many parameters of cross section which affects the physical and mechanical properties
of yarns. The surface area and perimeter are the main cross section parameters. Therefore, they were
evaluated by an original image processing technique. This fast method provides an accurate method that

can measure the area and perimeter of filaments without errors.

The research work wad done on four variants of dyed yarns from isotactic PP filaments and isotactic and
maleic PP filaments. Based on experimental data were plotted histograms for average values of areas and
perimeters of the studied PP yarns. Comparing the experimental data are observed differences between the
areas of the filaments in yarns containing in composition maleic PP and filaments in 100%PP isotactic yarns.
The areas of filaments in PP yarns with maleic PP are smaller than areas of 100% isotactic PP yarns. The
values of perimeter are almost the same for those four yarn variants. Maintain perimeter around the same
value and a decreasing of area means changing the shape of the section, namely a better trilobal shape of
filaments. The effects of these changes will affect the yarns characteristics and the processing textile of
those yarns.

Keywords: image processing, cross-section area, cross-section perimeter

1. INTRODUCTION

The dynamic developing in computer technologies has founded a broad opportunities in different aspects of
engineering. Image processing techniques become a widespread mean for identifying, monitoring and
measuring. Therefore, in textile engineering, this technique has been used in many aspects of textile field [1-
3]. Polypropylene is the most utilized thermoplastic polymer used as thermoplastic matrix. The polymeric
materials selected to be used as polymer matrix in the realization of composites must satisfy a series of
conditions. The polymeric matrix has the role to take over and to transmit the shocks perceived by the
composite material. In this connection, the polymeric matrix must be made of flexible, elastic materials and to
possess high mechanical strength. The polymeric material also need to be compatible with the
reinforcement; it must adhere to and to incorporate the reinforcement, in order to produce a strong bond with
this [4,6] Based on the polypropylene polymeric compound, BCF-type yarns were obtained, which were
dyed through the liquor bath and dope dyeing technologies. At dyeing, the fibre enters in contact with an
aqueous dyestuff solution, which, besides the dyes, includes auxiliary agents, such as alkali, acids, neutral
salts or dyeing agents. The type of these chemicals mainly depends on fibre type and presentation form, as
well as on the dyeing process [7,8]. The work presents the evaluation of filaments perimeter and cross-area
surface using the method described by the CAV 2 program. A procedure for measuring the cross-section
areas of cotton fibres with an image analyzer was developed [9, 10].

2. EXPERIMENTAL

2.1. Materials

This study was performed on BCF yarns of the blend 95 iPP/5 PP-g-AM, with the nominal yarn number of
2600/150 dtex, in two variants: dyed in liquor bath (Vg) and dope dyed (Vp). Witness samples (Va, V) have

been realized for each variant. The basic materials used for the realization and dyeing of BCF yarns are
presented in Table 1.
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Table 1. Basic materials used for the realization and dyeing of BCF yarns

Basic materials

BCF realization | - isotactic polypropylene MIDILENA 1lI- J700
YARNS - polypropylene grafted with maleic anhydride EXXELOR PO1015
dyeing - dispersion dyes: REMAFIN BRUNO TPP 82076039, BEMACRON MARINE

BLAU SE-RDL, TERASIN GELB 4G SANYLENE NOIR PP BLCN;
- preparation- CONOLAN;

- dispersion agent — DISPERGER MITTEL,;

- acetic acid;

- carrier- EGAZOL;

- defoaming agent- COLASOL;

- antistatic- paraffin coating- RAYOLAN FRS

The five variants of utilized yarns differ from each other through the components of polymer material and the
dyeing technology, namely:
- variants of float dyed yarns:
Va of 100% iPP;
Vg of 95% iPP/ 5% PP-g-AM;
- variants of dope dyed yarns:
V¢ of 100% iPP;
Vp of 95% iPP/ 5% PP-g-AM.
Ve of 100% iPP.
The variants V¢ and Vg differ through the utilized dyes. The Vg variant is necessary for providing the
number of five plush yarn systems, required by the structure of the carpet to be woven.

2.2. Methods

The area of fiber cross-section can be determined through:

- gravimetric method;

-area measurement/planimetric method.

Both methods imply fiber sectioning and drawing the contour on calking paper. In the gravimetric method,
the relation for fiber cross-section area calculation is:

A=2 m—kom (1)
my
where: A, is the known reference area;
m;, — mass of the calking paper corresponding to the reference area drawing;
m - mass of the calking paper on which the fiber section contour was drawn;
k — gravimetric constant, namely the area of paper unit mass.

The second method also consists in drawing the contour of the measured area, as well as the contour of
reference surface, which is then integrated. The ratio between the area of a surface and the number of
divisions recorded by the planimeter is then calculated.

3. RESULTS AND SISCUSSIONS

The work proposes an original method to determine the perimeter and the area of filament cross section,
described by the CAV 2 software [11]. The main stages realized by this software are:

Operation I: Load/enter the images of filament cross sections in the program (Fig. 1).

Operation II: Load/enter in the program the images of the filaments selected from each cross section apart,
after having been previously chosen, making use of a specific selection version (Fig. 2).

Operation lll: make the selection in terms of colors: “red” image; “green” image and “blue” image (Fig. 3).
Image analysis shows that in all the cases the “blue” image gives maximum of information and has an
optimum quality for subsequent processing. Thenceforth use only the “blue” image for specific images
processing.
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Operation IV: convert the “blue” images into representations in grey hues ranging within the interval [0 1],
where level “0” corresponds to perfect black, while the level “1” corresponds to perfect white. There are 256
grey hues.

Sample A: original image Sample B: original image

A

Sample C: original image

Figure 1. Images of filaments cross sections

Sample A: the Sample B: the selection of Sample C: the selection Sample D: the selection
selection of fibers fibers of interest of fibers of interest of fibers
of interest of interest
' | Py
ve Avrh e by
ok ! "
&\ 4 : A ‘R ' - y
- - il —

Figure 2. Images of selected filaments

Sample A: the image of "red" Sample B: the image of "green" Sample C: the image of "blue"

o' N

Figure 3. Images selected in terms of colors

Operation V: Filter the images by means of a “median” type digital filter on 15 pixels.
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Operation VI: Convert the images in binary system (there are only two possible values for pixels, namely “0”
for black and “1” for white. This operation is performed by means of a threshold established based on the
previous image histograms (operation V) (Fig. 4).

Histogram Sample B
=

X 10
2_ _

0 0.2 0.4 0.6 0.8 1

Figure 4. Binary images for the four sample B

Operation VII: Automatically count the selected filaments; determine the mean filaments area on each cross
section apart.

Operation VIII. Determine the filaments mean diameter; binary images are segmented by means of Canny
algorithm (Fig. 5).

Sample A Sample B

Figure 5. Binary image segmentation with Canny algorithm

The mean determined areas have the pixel as a measuring unit. In order to find the correspondent in surface
measuring units, load the image which contains the scale calibrated in mm. The distance between two
consecutive small divisions is 0.01 mm. Estimate then the number of pixels between two divisions and the
dimension of a pixel in mm? respectively. Proceed similarly to the perimeter evaluation in unit length.

The mean values of the two measured parameters are presented in Table 6.5

Table 6. Mean values of aria and perimeter of flaments cross section.

Varianta U.M. Va Vs Ve Vo
Parametrul
Aria mm® 0,0026 0,0021 0,0027 0,0023
Perimeter mm 0,1767 0,1687 0,1772 0,1690
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The method proposed for the determination of the cross section areas and perimeters of fibers or filaments is
fast and precise. It removes apparatus or measurement errors that can appear at the methods used for this
analysis.

By comparing the values from the above table, one can notice the differences between filaments areas,
namely: the filaments of maleate polypropylene have areas by 20% (Vg) and 15% (Vp) respectively smaller
than those of the corresponding 100% polypropylene filaments (V4 and V¢). In exchange, the perimeter
recorded for the both variants of modified polypropylene presents only a 4.5% decrease. Maintaining the
perimeter around the same value and decreasing the area, signify the cross section modification, namely a
better outlining of the trilobate filament shape. The effects of these modifications will affect the yarn
characteristics, as well as their textile processing.

CONCLUSIONS

Development of a new method for the determination of filaments perimeter and cross section, solved through
an original program, CAV 2. The method comes into prominence by fastness, precision measurements and
complex results interpretation; it can be applied to all types of fibers. The filaments from the blend with
maleate polypropylene have the area by 20% (Vg) and 15% (Vp) respectively smaller than that of the 100%
polypropylene filaments (V5 and Vc), while the perimeter has recorded a decrease by about 4.5% for the
both variants of modified polypropylene.

Maintaining the perimeter at about the same value and the more pronounced area diminution determine a
better outlining of the trilobate filament shape.
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BURNING BEHAVIOR OF COTTON FABRIC COATED WITH PERLITE

Bahar TIBER' and Giilseren KURUMER?®
'Usak University, Textile Engineering Department,
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Abstract: In this study, perlite mineral was applied to the textile surface for the first time. Perlite is an
industrial mineral, which contains over than 70 percent SiO, in its composition. Perlite is used in many
different industrial fields, due to its porous structure, flame resistance, heat and sound insulating properties.
To take advantage of the properties owned by perlite, both expanded and unexpanded perlite were
separately applied to cotton fabric surface. Cotton fabrics were coated with perlite one sided and both sided.
LOI, vertical, horizontal and 45° slope flammability tests were performed for determining the effect of perlite
on the burning behavior of the cotton fabric. According to the results obtained from the burning tests, it can
be said that perlite has affected the burning behavior of cotton fabric by increasing the burning time and
reducing the flame spread rate. Unexpanded perlite coated fabrics have demonstrated better results than
that the expanded perlite coated fabrics.

Keywords: perlite, expanded perlite, cotton fabric, burning behavior.

INTRODUCTION

Cotton fabric has been widely used in textiles and clothing products due to its excellent properties such as
softness, breathability, and ability to absorb moisture. Also cotton is comfortable, a natural product, a
renewable resource, and environmentally friendly [1]. The main obstacle of using cotton fabric for special
textiles is its high flammability [2]. Cotton fabric burns rapidly once ignited, and the flame spreads quickly,
potentially causing fatal burns within 15 seconds (s) of ignition [3]. It is very important for human safety to
find ways to render the fabric less flammable. There is a better chance for people to escape uncontrolled
fires by slowing down the burning process. Hence there have been a large number of studies on the
treatment of cotton fabric with flame retardants [4-11]. The most important commercial flame retardants are
based on phosphorus compounds [3]. Mostly used method is, applying the fire retardant formulations on
textile structures during the finishing processes. In recent years, inorganic materials such as SiO,, TiO, and
clays, etc., are investigated for improving flame retardancy of cotton fabric [3,12-16].

Perlite is an industrial mineral which contains SiO, more than 70% and used in the industry due to its
resistance to flame, both heat and sound insulation properties. Perlite is a siliceous volcanic glassy rock with
an amorphous structure. When it is heated rapidly to elevated temperatures (600-1280 °C), it expands to 4-
40 times of its initial volume and it is afterwards named “expanded perlite” [17-18]. Result of its expansion,
tiny bubbles occur in perlite structure which are giving the material an excellent insulation property, lower
density and high porosity (90%) [19-20]. The expanded perlite is white in color, and has a density of about 32
kg/m® [21]. Perlite is mainly composed of silicon dioxide (71-75%), aluminium oxide (12-16%), potassium
oxide (4-5%) and sodium oxide (2.9-4.0%) [22-23]. Expanded perlite acts as an excellent insulator for both
thermally and acoustically, resists fire and is classified as ultra-light weight material [23-27].

Perlite has a considerable production and consumption amount in worldwide. The leading countries
producing perlite include United States, China, Greece, Japan, Hungary, Armenia, Italy, Mexico, Philippines
and Turkey [18]. Turkey has the most of perlite reserves in the world (about 70%) [22]. It is estimated that
the total amount of perlite reserve in the country is approximately 4.5 billion tons [27-28]. Perlite is very
cheap and easily available in Turkish markets. Expanded perlite is extensively used in many industrial
applications due to its favorable physical and chemical characteristics. It is used as a lightweight aggregate
for insulation board, plaster and concrete in the construction industry, an insulation material in cryogenic
applications, a rooting medium and soil conditioner in horticulture, an aid in filtering water and other liquids in
food and pharmaceutical industry, an adsorbent material in chemical industry and a filler material in various
processes such as paints, enamels, glazes, plastics and cosmetics [23, 28-32]. Perlite is used in textile
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industry only for washing of denim clothes. It is used as a bleaching agent which gives stoning effect to the
denim fabric. However, it has not been found any study in the literature on the use of perlite in textile
surfaces.

In the present study, we have aimed to apply perlite to the textile surface for taking advantage of the some
properties that perlite has such as the flame resistance and heat insulation properties. For this purpose, both
expanded and unexpanded perlite were applied to cotton fabric surface via industrial knife coating machine.
Cotton fabrics were coated with perlite one sided and both sided. The effect of perlite on the burning
behavior of the fabric was evaluated by LOI (Limiting oxygen index), vertical, horizontal and 45° flammability
tests.

EXPERIMENTAL
In this study 2/1 twill weave 100% cotton fabric that has 194 g/rr_12 mass per unit area was used. Perlite was
obtained from Cumaovasi Perlite Processing Plants of Etibank (Izmir, Turkey). The chemical composition of

the perlite is given in Table 1.

Table 1: Chemical composition of perlite

Constituent Percentage
SiO, 74.24
Al,O4 13.57
K50 5.14
Na,O 3.04
CaO 0.96
Fe,O3 0.89
MgO 0.20

Perlite was used both in unexpanded and expanded forms but not together. Two different recipies were
prepared as shown in Table 2. Bleached cotton fabrics were coated seperately with expanded and
unexpanded perlite by a commercial knife coating machine (Stork CT4). The coated fabrics were dried and
cured at 170 °C for 2 min. Fabrics were coated with perlite by one side and both two sides.

Table 2: Formulation of the recipies

Contents Paste with unexpanded perlite Paste with expanded perlite
Perlite (g/L) 500 417
Anti foam agent (g/L) 3 2
(Mensan Tego PS-10)

Ammonia (g/L)

(Giirtas) ° 33
Acrylic binder (g/L)

(BASF Helizarin ET-95) 200 200
Thickening agent (g/L) 4 25
(CIBA Alcoprint PT-RV) '
Water (g/L) 287.4 372

The surface morphology of coated and uncoated fabrics was observed by JEOL JSM-6060 scanning
electron microscope (SEM) operating at 8 kV.

The vertical flammability of fabrics was performed on a SDL Flammability Tester M233/B according to the
standard of TS EN ISO 6941 [33]. Flame length was 40 mm and flame was applied for 12 s. In this method,
a vertical fabric with the sizes of 560 mm x 170 mm was exposed to the flame of a horizontal burner at a
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distance of 2 cm from the short bottom side. The flame spread times to the marking threads (merserized
bleached 50 tex cotton threads) were strung at 24, 39 and 54 cm distances from the bottom were recorded
for the evaluation. The moment of any of the threads burned, the breakage was automatically recorded from
sensors to the time recorders. For each fabric type, three specimens for both warp and weft directions were
tested.

The horizontal flammability of fabrics was determined according to the standard of TS 6346 [34]. The length
of the flame was 38 mm and the flame was applied to the fabric specimen for 15 s. In this test method, the
specimen sizes of 335 mm x 95 mm was mounted horizontally and exposed to the flame from the short side
of the fabric. Burning time was recorded from the breakage of two marking threads that have 254 mm
distance between each other. Flame spread rate (mm/min) and burning time (s) were determined by the
average of five measurements for both warp and weft directions.

The 45° flammability of the fabrics was measured according to ASTM Test Method D1230 [35] using a
flammability tester (Model 7633 E manufactured by United States Testing Co. Inc). Each fabric specimen (50
mm x 150 mm) was mounted in a specimen holder positioning at 45° angle. A standardized butane flame
was applied to the fabric surface near the lower end for 1 s, and the time required for the flame to proceed
up the fabric a distance of 127 mm is recorded. For each fabric type, flame spread time was determined
according to average of five specimens for weft direction.

Limiting oxygen index (LOI) was measured for coated and uncoated fabrics according to ASTM D 2863-77
[36] by using LOI instrument which was designed according to related standard. Five specimens of each
sample were prepared in 52 mm x 140 mm. The minimum fraction of oxygen in a mixture of oxygen and
nitrogen in which one specimen will just sustain burning was determined and reported as the LOI value.

Prior to all the measurements, the fabric samples were conditioned under standard atmospheric pressure at
65+2% relative humidity and 20+2 °C temperature for at least 24 h.

RESULTS AND DISCUSSION

3.1 SEM observation of the surface

The micrographs of uncoated and coated fabrics determined from SEM records are given in Figure 1. The
cotton fibers are seen from the image of uncoated fabric Fig. 1(a). It can be seen that for both of the fabrics
that were coated with expanded and unexpanded perlite (Fig. 1(b) and (c)), the whole surface was covered
with perlite. Perlite has filled the gaps between the fibers so the surface has become smoother.

Figure 1: SEM images of fabrics a) uncoated fabric b) fabric coated with expanded perlite c) fabric coated
with unexpanded fabric.

3.2 Vertical flammability of fabrics

Vertical flammability test results according to TS EN ISO 6941 are given in Figure 2 as the flame spread time
(s) that was obtained from the breakage time of the first, second and third threads which strung at 24, 39 and
54 cm distances from the bottom, respectively. It can be seen that flame spread times of coated fabrics are
higher than that the uncoated fabric. The flame spread times of the fabrics coated by two sides are more
than that the fabrics coated by one side as expected. The flame spread time of the fabric coated with
expanded perlite by two sides is almost 2 times of that uncoated fabric results. The fabric coated both sided
with unexpanded perlite shows the highest flame spread time among all fabrics and that is approximately 3
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times more than that uncoated cotton fabric. It can be said that the spread speed of the flame on the perlite
coated fabrics is retarded.

120
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Flame Spread Time (s)
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| 2nd thread
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m 1st thread
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perlite one perlite both perlite one perlite both

sided sided sided sided

Figure 2: Flame spread time of fabrics according to vertical flammability test
3.3 Horizontal flammability of fabrics

Horizontal flammability of fabrics are shown in Figure 3 as flame spread rate (mm/min) and burning time (s)
which were determined according to TS 6346. As seen in Figure 3, from left to right there is an increase in
the burning time values and a decrease in flame spread rates gradually. Compared to the uncoated fabric,
the coated fabrics have shorter flame spread rate and longer burning time in the horizontal burning test. The
fabrics coated with unexpanded perlite show better performance than the fabrics coated with expanded
perlite. The flame spread rate of the fabric coated both sides with unexpanded perlite is 22% less than the
uncoated fabric and the burning time is 25% higher than the values of uncoated fabric.

B Flame Spread Rate (mm/min) Burning Time (s)
174 179
158 162
142
109
] i 94 88 85
Uncoated fabric Coated with Coated with Coated with Coated with
expanded perlite  expanded perlite unexpanded perlite unexpanded perlite
one sided both sided one sided both sided

Figure 3: Flame spread rate and burning time of fabrics according to horizontal flammability test
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3.4 The 45° flammability of the fabrics

The 45° flammability test results of the fabrics are presented in Table 3 as flame spread time. As seen from
the Table 3, the flame spread times of coated fabrics are higher than that the uncoated fabric except the
fabric coated one sided with expanded perlite. The increase is about 27% with expanded perlite coated by
both sides and 63% with unexpanded perlite coated by one side. The flame spread time of the fabric which is
coated two sided with unexpanded perlite is 151 s which is 2.3 times more than the value of the uncoated
fabric.

Table 3: The 45° flammability results of the fabrics

Fabrics Flame spread time (s)
Uncoated fabric 67

Coated with expanded perlite by 66

one side

Coated with expanded perlite by 85

two sides

Coated with unexpanded perlite by 109

one side

Coated with unexpanded perlite by 151

two sides

3.5 LOI of fabrics

LOI values indicate the minimum amount of oxygen needed to sustain a candle-like flame when a sample is
burned in an atmosphere of oxygen and nitrogen. The higher the LOI value, the more effective is the flame
retardant treatment. LOI values are classified as LOI < 21%, easily burn in the air; 21% < LOI < 26-28%,
slow burning and LOI > 26-28%, flame retardant [37]. Table 4 shows the LOI values of the fabrics. The LOI
of uncoated cotton fabric is 19%. The LOI values of the perlite coated fabrics increase from 19 to 20.6%. The
results show that LOI values of the perlite coated cotton fabrics are increased but still flammable. It was
observed during the test, the coated fabrics burned very slowly than the uncoated fabric. After burning, no
uncoated fabric was left on the sample holder, but all four perlite-coated fabrics left significant residues. The
residues from the coated fabrics have preserved the fabric structure.

Table 4: LOI values of fabrics

Fabrics LOI (%)

Uncoated fabric 19.0

Coated with expanded perlite by one side 19.8

Coated with expanded perlite by two sides 19.8

Coated with unexpanded perlite by one side 19.8

Coated with unexpanded perlite by two sides 20.6
CONCLUSION

Benefit from the flame resistance property that perlite has, both expanded and unexpanded perlite were
applied seperately to cotton fabric surface by one side and both two sides. LOI, vertical, horizontal and 45°
flammability tests were performed. It was seen that, in the coated fabrics, flame spread rate reduced and
burning time increased. But the same performance was not obtained from LOI values. From the point of
these results, it can be said that perlite changes the burning behavior but not the flammability of the cotton
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fabric. The high proportion of Si within perlite caused to change the burning behavior of the fabric. According
to the results obtained from the burning tests, unexpanded perlite coated fabric was performed better than
the expanded perlite coated fabrics. This may be the result of the high porosity of expanded perlite.
Because, the air within the lots of open and closed pores of expanded perlite, helps to burn and not allow to
slow down the burning that unexpanded perlite does. In future studies, other applications such as, producing
composite fibers containing perlite, coating the fabric by multi-layer instead of one layer, using other
materials instead of cotton could be investigated.
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Abstract: Airbags are important safety devices for the vehicles, which mean that the materials used in
manufacturing process of airbags, must conserve their original properties in different conditions of
temperatures and humidity and have to ensure passengers safety.

This paper reports the results obtained in axial tensile testing of fabrics for airbags, after subjecting to low
temperatures. The samples were maintained for 10 hours at temperature of -20 °C with the help of a
mechanical vapour compression refrigerator, capable to produce temperatures in the range of +4...-35 °C.
The variation of temperature and humidity in the refrigerator was recorded by a logger for temperature and
humidity.

Keywords: nylon fabrics, refrigerator, airbags, low temperatures

1: INTRODUCTION
1.1 Historical review

The first concept of the airbag system appears in the sixties and describes a self-opening air bag inflated
after a sudden deceleration of the vehicle, but the implementation of the airbag system is first introduced in
the USA in the year 1989. European automobile manufacturers also initiated developments of airbag
systems, primarily by Mercedes Benz in the year 1967. At first, the air bags were inflated using compressed-
gas canisters. However, the pressure canisters could only be positioned in the front panel so the connection
to the steering wheel was very difficult. New experiments were carried out with liquefied gas and solid fuels.
The necessary inflation time of 1/30 second was reached, but the system was still too heavy. The first used
material for airbag cushion was neoprene-coated polyamide fabrics. Since the beginning of the nineties, all
automobile manufacturers have been provided airbags as a standard feature or optional extra, even for
compact class cars. [1]

1.2 The working principle of air bags systems

The airbags are designed to minimize the forces and the excessive motion of a passenger who has his
safety belt fastened, by the help of elastic deformation and the control of hot gas flow through the fabric
controlled by special vents, in case of a collision. [2]

Airbag systems have four general components:
1. A sensor system,

2. A deployment mechanism,

3. The air bag or the cushion,

4. Wiring harness.

In case of a crash, enters in action the sensor system and triggers the deployment mechanism. This system
has various sensors on the chassis of the car and can detect the direction of the impact, so that if a side
impact is made the front air bag will not deploy. The sensor system sends a voltage to the deployment
mechanism and heats the pyrotechnic material or the inflator that generates an inert gas which replenish the
air bag in milliseconds. In figure 1 it can be seen the principle of airbag sensors. [3]
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Figure 1: Airbag sensors principle (Source: The Clemsons University Vehicular Electronics Laboratory )
1.3 Air bag fabrics

Nowadays all the fabrics that are used to manufacture the airbag cushion are made of nylon 6.6 yarns, all
other materials that were used in the past being left aside because of the benefits and the costs of this
material. [4]

The constituent material of cushion must have a reliable and predictable behaviour and some key properties
as: good abrasion resistance, energy absorption capacity, high specific strength and good ageing
characteristics. The ageing characteristic is very important because the lasting period of an airbag is
considered to be 15 years, and the performances of the airbag cushion have to remain unchanged over this
period. [3]

If comparing nylon to other materials, with polyester for instance, one can make interesting observations.
The melting point of both materials is about the same, approximate 260 °C. This characteristic is very
important because the airbag is inflated after a pyrotechnic blast that can generate, for a short amount of
time, a temperature of 250-400 °C.

A large difference comes from the specific heat capacity which is approximate 30 % lower for polyester
comparing to nylon 6.6, meaning that the energy needed to melt the polyester is lower than for the nylon 6.6.
The figure 2 shows fabrics made from nylon 6.6 and polyester that have been in contact with a body at
400°C, for about 2 second.

B
Figure 2: Nylon 6.6 (A) and polyester (B) (Source: http://www2.dupont.com)

Another advantage of nylon 6.6 comparing to polyester is the density, which is 1140 kg/m3 for nylon and
1380 kg/m3 for polyester, the last one being with about 20% heavier than the first. Due to its lower density,
the nylon 6.6 allows to produce lightweight airbags, helping to reduce the impact energy for the vehicle's
occupant thus enhancing safety and lowering the overall weight of the vehicle. [4].

The hygroscopic nature of nylon 6.6 helps quenching the hot gases produced by the pyrotechnic inflator. [5]
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2: EXPERIMENTS

During the airbags lifetime, the fabrics used for the cushion are subjected to large variation of temperatures,
which may vary between +70 °C and -35 °C, depending on the season and weather condition.

This paper aims to study the influence of negative temperatures on the dynamometric characteristics of
airbag fabrics.

As testing material has been used an airbag cushion originated from an exploded airbag. From the nylon
fabric taken from this airbag were cut eight specimens with length of 350 mm and width of 50 mm each. Four
of them were maintained for 10 hours at temperature of -20 °C and the other four have not been subjected to
any treatment.

The characteristics of the airbag fabric used for tests are shown in table 1.

Table 1: Fabric characteristics

Raw Yarn Yarn finesse Fabric Fabric weight| Warp density Weft density
material | structure [dtex] structure [g/mz] [yarns/10 cm] | [yarns/10 cm]
Filament Warp: 980 Ripstop
Nylon 6.6 yarn Weft: 980 fabric 256 128 126

To maintain the samples at temperature of -20 °C, a mechanical vapor compressor refrigerator, capable to
produce temperatures in the range of +4 °C and 35 °C was used. The installation includes a cool box and
the condensing unit, as is shown in figure 3 [6]. We chose the temperature of -20 °C because the Logger of
temperature and humidity cannot record data below this value.

Figure 3: Refrigerator used to maintain the samples at temperature of -20 °C
(A - Cool box, B - Condensing unit)

The samples were treated in above specified conditions for ten hours, were monitored by a logger for
temperature and humidity and the results were recorded by the specialised software ThermaData. The
results can be seen in figure 4. The right axis of the graphic is for temperature and the left axis is for humidity
recorded in the cool box.

At the end of the treatment, the samples were introduced in a freezer. The moment that were placed in the
freezer it can be seen in the humidity graphic that rised to the maximum of 94.8 %. After that, were
transported to the testing place in about 2 hours. In figure 4 it can be seen that the temperature of the
samples at the time of test was about 5 °C and the relative humidity was 70 %.

Both groups of samples, treated and untreated, were subdued to axial tensile tests, on the H5KT tensile
testing machine produced by SDL ATLAS, equipped with suitable clamps for woven fabric. In figure 5 it can
be seen the machine while working.

The fabric samples have been tested until breaking and the force-elongation diagrams were recorded. The
tests were performed according to [7], using following testing conditions:
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specimen size: 350 mm x 50 mm,
gauge length: 200 mm,
testing speed: 100 mm/min;

In figure 6 it can be seen the image of the broken samples.

% Umiditate airbag -20.etl

losub andrel umlditate (15-05-2014 @ 18:29)
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1g:29:13 01:09:13 07:49:13 14:29:13 21:09:13

Date / Time of sample (d-m-v)

Figure 5: Textile testing machine H5KT Figure 6: Airbag fabric samples after test

3: RESULTS AND DISCUTIONS

Results obtained after performing tensile test are presented in table 2, while figure 7 shows the force-
elongation curves for untreated fabric samples (A) and treated fabric samples (B).

Table 2: Experimental data and calculation performed by QMAT TEXTILE software

Sample | Maximum | Breaking Relative Limit of Absolute | Mech. work at| Mech. work

number force force elongation | proportionality | elongation breaking at high force
[N] [N] [%] [mm] [mm] [N*mm] [N*mm]
3 0 1 1266,00 501,00 27,92 28,04 30,80 17,82 15,78
‘g % 2 1386,00 | 1361,00 34,30 17,45 35,00 22,79 21,82
£ g 3 1419,00 915,00 31,45 18,30 31,60 20,14 19,96
5Ty 1392,00 713,00 30,60 31,13 32,70 19,81 17,82
S o 5 1341,00 969,00 33,40 10,80 36,40 22,57 19,81
% % 6 1313,00 384,00 31,20 31,56 32,48 18,26 17,20
g 5 7 1343,00 459,00 32,10 9,75 36,40 21,52 17,53
8 1181,00 386,30 30,30 10,95 32,20 17,77 14,45
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EN ISO 13934-1;1999 Maximum Force & Elongation - Strip Method EN ISO 13934-1;1999 Maximum Force & Elongation - Strip Method
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Figure 7: Force-elongation curves (A— untreated fabric samples, B — treated fabric samples)

From the analyze of the mean values of tensile characteristics, can be noted that the treated samples shows
lower values for maximum force and breaking force comparing to those obtained for the untreated samples.
The same situation is found in the case of other parameters as limit of proportionality and mechanical work
at maximum force. For elongation at break, treated samples show slightly higher values.

In order to test the statistical significance of the observed differences between average values was used
Student’s T-test. The calculated statistic t.,. was compared with t ,n for a confidence level of 95% and a
degree of freedom n = 6. The results of statistical analysis displayed in table 3 indicate that between the
mean values of tensile parameters are not statistically significant differences.

Table 3: Results of statistical analysis

Mechanicall  y1aximum force Breaking force | Absolute elongation | Limit of proportionality
aracteristics IN] IN] [mm] [mm]
Statistical Untreated| Treated |Untreated| Treated | Untreated | Treated | Untreated | Treated
parameters sample sample sample | sample | sample | sample sample sample
Average value 1365,75 | 1294,50 | 872,50 | 549,58 32,53 34,87 23,73 15.77
Standard deviation | 68,03 76,90 366,92 | 281,78 1,82 1,90 6,54 10,54

tealc 1,387934 1,396033 1,779859 1,283926
to.05, 6 2,45 2,45 2,45 2,45
- . The difference is not The d|ﬁe_repce is | The d|ffgre_nce Is not The difference is not
Statistic decision - AR, not statistically statistically - .
statistically significant o o statistically significant
significant significant

However, the values obtained for limit of proportionality, lead to the idea that the samples treated at
temperatures of -20 °C have an increased elasticity compared to untreated samples. The value of modulus
of elasticity for treated samples is 5707 N while for untreated samples, this is 7585 N, which means that
through treatment of nylon fabric at low temperatures, was obtained an increase in fabric elasticity.

4: CONCLUSIONS

This paper, aimed at analyzing the behaviour of fabrics for airbags at low temperatures (-20 °C), presents
the results obtained in axial tensile testing. The fabric samples taken from the cushion of an exploded airbag
were maintained at low temperature for 10 hours and their tensile characteristics were compared with those
of the untreated samples.
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Statistic analysis of the obtained results showed that the treatment at temperature of -20 °C does not
negatively influence the mechanical characteristics of the fabric at axial tensile test.

However, the differences between average values of some mechanical characteristics, as maximum force,
breaking force, limit of proportionality, require carrying out further research, at lower temperature, using an
higher number of tested samples and unused airbag fabrics.
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PUNCHING TEST

Romulus BULACU", loan FILIP? and Mihai CIOCOIU?®
' S.C.Minet, Ramnicu Valcea, Romania
% S.C.Filbac , Tg. Lapus, Romania
3 “Gheorghe Asachi” Technical University from lasi, Romania

The geotextiles are used in earthworks, earth containing various components (sand, gravel , rocks with
variable geometry, etc.). Because the geotextiles come in contact with objects with different geometries, is
possible that these to be pierced and do not play the role for that are used. Therefore, is very important that
the size of the average displacement of the geotextile from the horizontal position to extreme position, to be
correlated with resistance of geotextile.The optimization of parameters values of interweaving process, will
decrease the size of the punching movement, from the horizontal position. The behavior of the geotextile at
solicitation of punching is apreciatte by determined values of puncture resistance and the displacement at
the puncture CRB test.This paper presents a mathematical model of the displacement. The displacement
noun refers at average distance walking during solicitation of punching. In case consider the depth and the
density of penetration of the interweaving needles as main parameters of the interweaving process, when
using the factorial experiment, it obtain a number of variants of geotextile. These the variants are tested for
puncture CRB test. It can determine the value of puncture resistance and the displacement, parameters
which characterizing the behavior of a geotextile. The values of CRB test parameters obtained using a
factorial experiment, by a program centered, compound, rotatable, are processed with a software
application that generates a mathematical model with two variables by second degree. From the
mathematical analysis and 3D and 2D graphical representations of the regression equation, can be
determined the optimal value for displacement. The veracity of this analysis was done by adjustment of the
equipment, using the optimal values of the technological parameters established above. The CRB test
value of the geotextile new variant, is compared with the value considered optimal. It is consider that
mathematical model can be used, if the difference between these is more less 10%.

Keywords: geotextile, mathematical model, technological parameters, optimization, displacement
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The technical fabrics used in upholstery, must present a number of requirements such as dimensional
stability, the high mechanical strength, uniformity behavior on any direction, the elastic ability. Also, is
required: the fire protection, higher long life and friction resistance. Used as resistance elements and
protection, for a number of components of a furniture item, the fabric must be made from yarns with the
corresponding properties. This paper presents the analysis of the dynamometric properties of technical
fabrics variants for upholstery. Analyzed technical fabrics are made from technical yarns polypropylene
fibrillated Romanian production. The variants of the technical fabrics tested, are obtained using factorial
experiments, based on centered composite rotate program, with the two variables.The two variables are the
densities of warp and weft system, which use the same fibrillated polypropylene yarn, with the length density
Ttex = 115dtex. The analysis it refers to the value of the breaking force of each variant fabric. From point of
view of the elongation at break the registrations show the constant values. Each option is analyzed from
point of view of value of breaking force. After, is established which fabric variant, which is density of the two
systems, which provide appropriate value. The analysis of dynamometric results shows the fabric-backed
version, which has the physic - mechanical optimal properties, according with the requirements of using
area. The fabric is then subjected to a finishing treatment to achieve dimensional stability; stability which
improves its dynamometric behavior. It is possible therefore to determine which version of the fabric has
adequate results.

Keywords: upholstery, technical fabrics, length density, breaking force.
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Abstract: The technical fabrics used in upholstery, must present a number of requirements such as
dimensional stability, the high mechanical strength, uniformity behavior on any direction, the elastic ability.
Also, is required: higher long life and friction resistance. Used as resistance elements and protection, for a
number of components of a furniture item, the fabric must be made from yarns with the corresponding
properties. This paper presents the analysis of the dynamometric properties of technical fabrics variants for
upholstery. Analyzed technical fabrics are made from technical yarns polypropylene fibrillated. The variants
of the technical fabrics tested, are obtained using factorial experiments, based on centered composite rotate
program, with the two variables. Those two variables are the densities of warp and weft system, which use
the same fibrillated polypropylene yarns, with the length density Ttex = 115dtex. The analysis it refers to the
value of the breaking force of each variant fabric. From point of view of the elongation at break the
registrations show the constant values. After, is established which fabric variant, who is density of the two
systems, which provide appropriate value. The analysis of dynasmometric results shows the fabric-backed
version, which has the physic - mechanical optimal properties, according with the requirements of using
area. The fabric is then subjected to a finishing freatment to achieve dimensional stability; stability which
improves its dynamometric behavior. It is possible therefore to determine which version of the fabric has
adequate results.

Keywords: upholstery, technical fabric, polypropylene yarns, mathematica model

INTRODUCTION

In the production of furniture like armchairs, chairs, sofas, it use chipboard (PAL). These plates obtained
by the processing of wood chips mixed with a chemical (formaldehyde) are dangerous for the environment
and so for users. Additionally boards have mass and dimension large so are difficult to handle and the
cutted, to obtain the necessary parts, and produce waste, too. Therefore it was proposed replacing these
plates with a technical fabric. It examines the dynamometric properties of technical fabric with density of
120 yarns/10cm, in both systems, plain weave, made of polypropylene fibrillated technical yarnsTd
=1150den. The advantages to use such fabric as a substitute for a piece of chipboard are evident, namely:
is more cheap, occupy the low storage volume ,handling and cutting easy, non-polluting and environmentally
friendly, the conditions in which successfully meets with the same. The load at break and elongation at
break are analyzed in corelation by warp and weft density. The considerations based on the values
recorded in dynamometric tests allowed to determine the fabric material version that is able to successfully
replace the corresponding piece of chipboard. The thermal treatment, under certain conditions of pressure
and temperature, allows getting a technical fabric who replaces with success PAL piece.

THEORETICAL ASPECTS

Making research using mathematical methods of experiment planning and analysis overcomes the traditional
passive methods, research and scientific activities increase efficiency. The utilisation of mathematical
methods for planning the experiment ensure increased opportunities for researcher, facilitates problem
formulation, experimental results have a clear and convincing nature and permit rapid interpretation of
results [1,2,3,4]. For developing statistical and mathematical models involves obtaining experimental data
following certain experiments conducted.

Within the active learning, the experimental data are obtained by measuring the output of the process
quantities for certain combinations of input quantities.

Mathematical model of a process is a functional relationship between a response or dependent variable y
and independent variables or parameters tehnologici.x;, Xo, ... X, Which can be accurately measured and
controlled:
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Y=f(X1,X2, ...Xk) (1)

To determine the functional relationship is carried out a number of experiments, ordered in a certain way,
and a program of these experiments is presented in the form of a matrix experimental (Table 2).

To obtain a nonlinear mathematical model used a program wich ensure an equal and uniform distribution
of points, equally spaced from the center of the experiment [2,3,4].

Experimental plan is prepared based on a well-defined schedule, so that the number of experiments exceed
the number of coefficients wich will be determined. Factorial experimental plan is a central, composite,
rotatable plane whose order is equal to the regression equation order that will be generated by processing
data in the experiments.Technological parameter values considered as independent variables is
recommended to take the values in central area assumed to be optimal, and otherwise can be appreciated
from previous practical knowledge [1, 2, 4].

For experimental data obtained under experimental program, it was used the software "OPTEX" from the
laboratory of Applied Science Faculty of Textile - Leather and Industrial Management [4].

The particular form of the equation depends on the number of input variables or parameters of technology.
For this paper for two independent variables equation has the form of the relationship.

Y = bo+ biXq + baXo + D12 D1 X9Xa + Xq2 + booXop 2)

Further details of mathematical modeling in [2,4].

EXPERIMENTS

The yarns polypropylene shows the physical and mechanical characteristics which allow assessment of the
possibility of obtaining technical fabrics for upholstery, namely to obtain a support layer for sitting surface
of chairs, armchairs and sofas. The question, given the intended use and that the thread is first time used
as such, is to seek the optimal density of yarns for this type of fabric. For this purpose used the
mathematical modeling wich consider as independent variables, inputs or technological parameters the
warp and weft densities in a range of their variation, which afford to made a fabric balanced in terms of
densities of the two systems of threads, and default physical-mechanical properties of those. This model will
be used to optimize the densities of the two systems of threads, in order to obtain a fabric that meets the
requirements imposed by the above use.

RESULTS
Avrticle researched has varied densities as seen in table 1.

Table 1: The variation of densities

Input Um Basic level=1000; Variation level=20

variable Real | Code | Real | Code | Real | Code | Real | Code | Real | Code
Warp Yarns/10cm | 72 | -1,414 80 -1 100 0 120 +1 128 | +1,414
density

Weft Yarns/10cm | 72 | -1,414 80 -1 100 0 120 +1 128 | +1,414
density

It is used in both warp and weft the same polypropylene technical yarns, length density Td = 1150 den. The
input parameters are densities in warp and weft directions (table 2.)

Table 2: Experimental matrix

No. X1 cod. X1 real XZcod. X2real Ymes. Ycalc D [%]
Exp.

1 +1 120 +1 120 1358 1261 7,1
2 -1 80 +1 120 958 896 6,5
3 +1 120 -1 80 972 880 9,4
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4 -1 80 -1 80 892 835 6,4
5 -1,414 72 0 100 759 807 6,4
6 +1,414 128 0 100 1000 1097 9,8
7 0 100 -1,414 72 758 827 9,2
8 0 100 +1,414 128 1063 1139 7,2
9 0 100 0 100 1187 1126 5,1
10 0 100 0 100 1187 1126 0,1
11 0 100 0 100 1056 1126 6,7
12 0 100 0 100 1100 1126 24
13 0 100 0 100 1103 1126 2,2

Measured values of the breaking force of fabric variants results [ 2 ] was processed with OPTEX aplication
software is generated regression equation 3.

y =1126.816 102 597 110 409 x1 x2 + 80.000x1x2 - 86.999x12 - 71.504x22 (3)
DISCUSSION

The coefficient b0 = 1126.816 is free term representing the arithmetic mean of the measured values for the
breaking load for the 13 fabric variants analyzed. This value will be modified by variation in experimental
limits region, of the values of technological parameters, x; and x,, respectively density in warp and weft
densities, by the numerical coefficients that accompany these parameters.

The coefficient by = 102 597 is the numerical coefficient of the variable x; component linear part of the
model. The variation of the variable x; with unit, will influence the value of by with cca.9% .Such when x;
will Vary to the upper limits of the region will amplify coefficient by with cca.9% and will decrease the value
of bg the same percentage when x4va range to the lower limit of the experimental region.

The coefficient b, = 110 409 is the numerical coefficient of the variable x,, weft density. Variation to the
upper limit of x, with unit will amplify the value of the constant term b, with cca.9 8% and will decrease by
the same percentage to the variance of x, for the lower limit.

The coefficient by, = 80,000 is the interaction coefficient of the variables x; and x, and measure the
influence that the simultaneous variation of the variables x; and x, , irrespective of the direction of variation
and will influence the coefficient by b1, with approx. 7%.

The coefficient by = -86.999 accompanying square value of x4, reduce the value of the constant term b, with
7.72% irrespective of the direction of variation of the variable x.

The coefficient b,, = -71.504, which accompanies square value of x, will reduce the value of the constant
term by with 6.34% irrespective of the direction of variation of x..

This way allows technological analyzing and interpreting of regression equation. 3D graph of the equation
of regression is a well-shaped surface, as seen in figure 2.

———————————————————————————————————

_______________________________

Figure 1: The 3D graph, y =f (x4, X2)
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From figure 1 it is observed that the surface is oriented towards the upper limits of the experimental region,
placing it in the quadrant 1, positive values x; and x,, suggest that the optimal value of the result will be
obtained when the two input variables, densities of the two systems, will have the values will varies in
concert, to the code values and x; = x4 =+ 1.414.
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Figure 2: The 2D Graph y=f(x4,x,)

2D representation of figure 2 contains the constant level curves resulting from intersection 3D surface with
plans y = constant. The result is a new parables family with particular values which are displayed on
screen image in figure 2. It is found that the maximum values of the variable y, ie the maximum breaking
force of the tissue analyzed are placed in quadrant 1. Such the maximum value of y = 1273.478 N, which
corresponds to the pair of values x; and x, which form the coordinates of the center. The value of this
maximum corresponds approximately identical technological densities for the two-wire systems. It can be
concluded that to obtain a high breaking load for fabric analyzed, those two independent variables x1
respective density in warp and weft density x, will have to vary simultaneous , to the upper limits of the
experimental region. It is obvious that one can use the graphical representation from figure to find that pair
of values x4 X2, which ensures a certain value of the breaking force. The correctness of this assumption is
checked by entering coded values of the two variables in the regression equation and identify this new
value on one of the curves of y constant. Also if known breaking force value, one can find with a reasonable
approximation, the pair of values of x; and x,.

CONCLUSIONS

Was made Mathematical model for a technical fabric for upholstery, with the input variables values
densities in the warp and weft and the output variable breaking force of them.

Was performed technological interpretation of regression equation by explanation the influence variation of
the two input variables concerning output variable, breaking force.

It made the breaking force optimization of fabric by graphical interpretation of the regression equation.
There has shown that 3D and 2D graphics regression equation can be used to select either selectively
breaking load value or values of the pairs of input variables.
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Abstract: The task of developing new functional yarns continues to be a high priority of the companies, in
order to bring fare more than good looks to today’s most advanced garments. This study has been
conducted to verify the suitability of Nilit® Innergy nylon 6.6 yarns for providing thermal comfort properties in
double face weft knitted fabrics. The aim of this research work was to study the influence of the fabric
structure and its parameters on the thermal comfort properties of the knitted fabrics made of this type of
yarns. The relationship between fabric tightness, thickness, weight and thermal comfort properties was
discussed.

Keywords: Weft knitted spacer fabrics, thermal comfort properties, Nilit Innergy® yarns.

1. INTRODUCTION

The task of developing new functional yarns continues to be a high priority of the companies, in order to
bring fare more than good looks to today’s most advanced garments.

Nilit Innergy® is a nylon 6.6 fiber with a built-in, naturally occurring, mineral additive that produces far
infrared ray (FIR) emissions. This special fiber converts the thermo energy of the human body into far
infrared rays. Nilit Innergy® reflects the FIR back to the skin, generating gentle heat. This comfort heat
increases feelings of well-being and is useful in reducing the appearance of cellulite [1]. Being a microfiber,
NILIT Innergy has a soft feel and is easy care. It is perfect for creating shapers, hosiery and lingerie because
of its cellulite appearance reduction properties. It is also suitable for use in apparel applications where
improved stimulation through heat would be beneficial to the wearer, including medical socks, gloves and
sportswear. Nilit Innergy® invigorates the body, enhances performance in sports activities and may help to
reduce the appearance of cellulite. Nilit Innergy® used in sports garments enhances muscle elasticity for
better performance and improves muscle recovery after exercising. When applied in apparel applications,
like medical socks and gloves, improves stimulation via body heating [2].

The knitted spacer fabrics or two-faced fabrics represents a special class of knits, comprising of two outer
layers connected by yarns transformed in tucks or loops, by various connecting points. This class of fabrics
can be produced on electronic flat knitting machines, by exploiting their technical features of manufacturing
them in a single stage on the knitting machine, with advantages concerning the: simplified manufacturing
process, high quality of the product, lower costs with the machinery. The first great advantage of the modern
technology is the possibility of engineering the spacer fabrics according to their end uses, by using different
types of structures, raw materials, and finishing processes [3]. Special attention has been given to weft
knitted spacer fabrics, due to their good transversal compressibility and excellent air permeability. Their good
comfort properties make them suitable for apparels and medical care [4]. On flat knitting machines, the
distance between layers is limited by the stitch length of the spacer yarn, making thus the physical properties
of three-dimensional fabrics produced on electronic flat knitting machines to be mainly affected by the yarn
combination, tightness and washing process [5]. Need of comfortable garments has been constantly a strong
reason of the developments, and double layer knits made of natural and synthetic yarns, have been always
recommended for producing clothes with a large range of thermal adjustment.

In this context, of the great flexibility of producing spacer knits on electronic flat knitting machines, and the
limited existing studies on the thermal properties of this category of fabrics, the present research focuses on
searching the thermal comfort properties of weft knitted spacer fabrics, made of new Nilit Innergy® yarns,
considering the above mentioned destination of these yarns. Thus, in this study, the effect of fabric structure
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and its structural parameters on thermal comfort properties of weft knitted spacer fabrics were in deep
investigated.

2. EXPERIMENTAL PART
2.1. Material

The investigations were carried out on two variants of structures, interlock and spacer fabrics, as part of the
double face type (Fig.1). Both faces of spacer fabric have a closed structure. The knitting process was
performed on E 6.2 gauge, 3 systems, CMS 530 computer controlled flat knitting machine, with three stitch
cam positions, adjusted in correlation with yarns and structure, in order to obtain a comparable tightness
factor for both structures. The samples design and the settings were performed on M1plus pattern station
from Stoll, Germany.
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Figure 1: Types of produced knitted fabrics

Nilit® Innergy yarn, dtex 78/68/2, with 4.76 N breaking strength and 23.76% breaking elongation, was used
for the production of samples. In case of sandwich structure, monofilament of polyamide yarn is connecting
the outer layers.

2.2. Method

After the knitting, the fabrics were relaxed according to the TS EN ISO 6330 standard. The values of the
fabric structural parameters that refer to the vertical density cpc, horizontal density wpc, thickness (mm) and
mass per unit area (g/mz) were measured on raw fabrics. Thickness of the fabrics was measured using
Alambeta instrument, under constant pressure of 200 Pa. All measurements were repeated five times and
Table 1 shows the mean values of the characteristics of the fabrics.

Table 1: Fabrics characteristics

Stitch density Mass .
Loop Thickness | per unit Material Porosity
Structure | NP | (Courses/ | (Wales/ length densit o
(mm) area Y (%)
5cm) 5cm) (mm) (g/im?) (kg/m”)
Spacer 10.5 61 33 5.00 297 658.33 221.83 75.32
fgbric 11.0 54 30 5.20 3.13 628.33 200.67 77.68
11.5 48 28 5.70 3.15 514.17 163.46 81.64
Interlock 8.5 58 34 5.00 1.77 481.67 271.70 70.24
fabric 9.0 48 34 5.20 1.87 455.00 243.03 72.48
9.5 44 34 5.40 1.94 332.50 171.48 80.57

Statistical software was used to evaluate the experimental data and the analysis of variance (ANOVA) was
performed to evaluate the significance of fabric structural parameters on the thermal comfort properties of
the fabrics. To conclude whether the parameters are significant or not, p values were examined. The mean
values of the thermal comfort properties are given in Table 2.
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Table 2: Thermal comfort properties of the fabrics

Thermal Thermal Thermal Air Rela\l;lve Water
Structure | NP Conductivity Absorptlwty Resizstance permeablllty Perne:z:gi'iity
(W/mK) (WK/m?s'?) (m“K/W) [It/m?s] [%]
Spacer 10.5 0.069 177.28 0.043 180.30 27.23
fabric 11.0 0.066 161.12 0.048 194.70 29.27
11.5 0.057 139.04 0.055 234.90 29.93
Interlock 8.5 0.071 211.60 0.025 113.10 39.50
fabric 9.0 0.066 191.20 0.028 121.60 39.63
9.5 0.063 175.12 0.031 141.70 40.37

3. RESULTS and DISCUSSIONS
3.1. Fabric parameters

The results show that the thickness of the samples varies from 1.87 mm to 3.15 mm, the smallest values
have been obtained from the interlock samples. For sandwich ones, spacer yarn forces the layers to be
distanced, making thus their thickness values higher than for interlock structures (Fig.2). Almost the same
situation was found in case of mass per unit area [g/m ], the highest values were registered for the spacer
fabric sample series. The stitch density values are determined by the stich cam position, thus with the NP
increased position, the hlgher loop length is, the looser fabric becomes, with a lower number of stitches per
unit. Material density [kg/m ] plays an important role in the other fabric properties (Fig.3). Interlock fabrics
expose a higher density, fact which leads to a lower structure porosity (Table 1), which will consequently
influence the thermal comfort properties.

300
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I/ aterial density (g/m3}

15 11.00 11.5 B 4y 105 11.c 11.5 8.5 9.0 9.5

spacer fabric Interlock fabric spacer fabric Interlack falic

Figure 2: Fabrics thickness Figure 3: Material density

Air permeability is an important property of textiles, which influences the flow of fresh air into the body. The
study reveals that for the air permeability, the fabric density is the most effective factor of influence (Fig. 4).
The looser fabrics possess high insulation and higher air permeability, providing warmer feelings. The direct
influence of the loop length on the air permeability is noticeable and confirmed in case of these fabrics too.

Air sermeability It/ m2s)

CRv)

110 S5.0 as

tnterlowk fabic

Spacer fabric Interlock fabric

Figure 4: Fabrics air permeability Figure 5: Fabrics porosity

111



2

.,/’ CORTEP 15" Romanian Textiles and Leather Conference — CORTEP 2014
Lk 4 - 6 September 2014, Poiana Bragsov, Romania

As the fabric gets denser, the surface will be more compact, resulting poor air permeability. The spaces
created between yarns by the loop geometry, specific to the knitted fabrics, will be reduced, and the fabric is

acting like a barrier that hampers the passage of the air through it, behaviour confirmed by the graph
displayed in Fig. 4.

The results of the air permeability plotted in Fig. 4 demonstrate that fabric structure and porosity significantly
influence this property. The different air permeability behaviour between spacer and interlock structures is
attributed to their different geometry section and thickness. The higher thickness of the spacer fabrics,
created by the connecting polyamide monofilament, facilitates a better air permeability compared to interlock,
where the two faces are closer to each other.

Air permeability is closely related with porosity (Fig.5). With the increasing of the porosity, the structure will
be more open, facilitating in this way the transport of vapours through fabric from skin to the surface [7, 8].
Interlock fabrics exhibit the lowest porosity, due to their specific cross section and geometry, having small
value of thickness and high value of fabric density (Table 1) confirming their compact structure. Their dense
character leads to less space of fabric interstices, which prevents the air to be incorporated inside the
structure, making them less porous. Porosity and thickness are two important factors for the air permeability,
conclusion sustained by the results of the performed statistical analysis (p =0.002, p = 0.008).

3.2. Thermal comfort properties

Thermal conductivity coefficient A represents the amount of heat, which passes from 1m?area of material through the
distance 1m within 1s and creates the temperature difference of 1K. As stated in the literature, for textile materials, still
air in the fabric structure is the most important factor for conductivity value, due its known low thermal conductivity
(0.026) [9]. In this study, interlock and spacer fabrics present similar values of the thermal conductivity (Fig.6), but
confirm the rule, that, heavier fabrics (Table 1) contain less still air, having thus higher thermal conductivity values
[10].
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Figure 6: Fabrics thermal conductivity Figure 7: Fabrics thermal resistance

The fabric thermal conductivity can be discussed in relation to its porosity, as a determining factor,
mentioned by previous researches [3, 11]. Figure 6 and Table 1 demonstrate the higher the porosity, the
lower thermal conductivity, confirming thus, this finding.

Thermal resistance is a measure of the body's ability to prevent heat from flowing through it. Under a certain
condition of climate, if the thermal resistance of clothing is small, the heat energy will gradually reduce with a
sense of coolness. Thermal resistance Rct depends on fabric thickness (h) and thermal conductivity (A) as
illustrated in Equation 1:

Rct:%(mzK/W) (1)

As it is observed in Fig.7, the spacer fabrics with higher thickness have higher thermal resistance values
than interlock samples. The spacer yarn keeps the two constituent layers at a certain distance from each
other, facilitating a quantity of air to be trapped inside. This acts as an insulating layer that slow down the
conduction of heat to outside. This situation can be explained by the inverse relationship between thermal
resistance and thermal conductivity as indicated in Equation 1. If the fabric is thin and has higher thermal
conductivity values, thermal resistance will be low, fact demonstrated for both group of fabrics in the graphs
displayed in Fig.6 and 7.
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The water vapour permeability is the fabric property to transport the moisture away from the skin. To reduce
the uncomfortable sensation, the textiles have to transport the moisture in the vapour state, before they
become liquid, avoiding the fabric to get wet [3]. As a rule, it has been demonstrated that the water vapour
permeability is increasing with the fabric porosity, fact confirmed also in this study, for both structural type
(Fig.8) and Table 1. Having comparable porosity level, it was expected to reveal similar water vapour
permeability values, but interlock proves a higher level of values. This behaviour can be explained by the
stitch density values, which are lower for interlock fabrics (Table 1).
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Figure 8: Fabrics water vapour permeability Figure 9: Fabrics thermal absorptivity

Thermal absorptivity reveals the warm-cool sensation of the fabric at initial touch. If the thermal absorptivity
of clothing is high, it gives a cooler feeling at first contact. The fabric sensation is given by the surface
roughness. A smoother surface will provide a cooler feeling [12]. It has been demonstrated that the compact
fabrics, which means surfaces with an increased knit density, present a smoother fabric surface [13]. In the
present study, the coolest feeling at initial touch, due to the increased knit density, proved interlock fabric
with the highest stitch density (NP 8.5), as it is shown in Fig.9.

4. CONCLUSIONS

This paper deals with the study of the thermal comfort properties of weft knitted spacer fabrics, manufactured
on electronic flat knitting machines. This technology allows the engineering of the double faced fabrics by
combining different raw materials on both layers, by varying the spacer yarns as nature,and connecting
ways, creating thus surfaces with different properties.

In this study, the goal was to measure the thermal comfort properties of the fabrics produced from Nilit
Innergy® yarns. These yarns, as described by the producers, are based on a special nylon 6.6 fiber, with a
built-in, naturally occurring, mineral additive, that produces far infrared ray (FIR) emissions, converting the
thermo energy of the human body into far infrared rays, generating gentle heat. This comfort heat increases
feelings of well-being and is useful in reducing the appearance of cellulite. Being a microfiber, Nilit Innergy
has a soft feel and is easy care, recommendable for shapers, hosiery and lingerie, sportswear, medical
socks and gloves.

Considering the possible end uses of the fabrics made of these yarns, as products worn next to the skin,
either for sports or for medicine, they must provide comfort to the wearer. Besides the properties gathered
from their specific internal constructions, for acting against cellulite, the fabrics must have the right air
permeability and the proper comfort related properties, in order to make these products completely desirable
to the users.

The results of the air permeability have clearly demonstrated a direct relationship with fabric structure and
porosity. The spacer fabrics having a higher porosity are recommendable for products with high air
permeability. Fabric tightness, as one design parameter, is the leading factor on the fabric thermal comfort
properties and the samples behaviour is different, accordingly. Fabric thickness proved again, a significant
role, influencing especially the thermal resistance of the samples, as it was demonstrated by other
researchers [14].

The spacer fabrics exhibit the highest thickness and thermal resistance values, at the opposite, being
located interlock structures. Fabric weight is attributed to their different behaviour, being also related to their
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thickness. Heavier fabrics contain less still air, having thus higher thermal conductivity values [10]. It is the
case of spacer fabrics and interlock ones. Statistical analysis was also performed and confirmed the
contribution of each factor, including their interactions.

According to the laboratory tests carried on the fabrics from Innergy® yarns [15], it is stated that, during
wearing, an increased human body temperature of 1.14°C and a blood flux (heat transfer) improved by 8.5%
were measured. One can conclude that the knitted products should give a fast heat transfer, a quicker
evaporation of the sweat from the skin, and a cooler feeling at initial touch. In our case, interlock fabrics are
responding better to these conditions.

When producing fabrics of these yarns, all these conditions must derive from the particular end use, and all
requirements should be considered together.
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DEVELOPMENT OF 3D KNITTED GARMENTS

Luminita CIOBANU and Mioara CRETU
,Gheorghe Asachi” Technical University of lasi, Romania

Abstract:

The paper explores the possibilities of producing 3D knitted garments and the techniques used for shaping
different parts of the products. Several examples are given to illustrate the use of each shaping technique.
The paper also presents the potential of fashioning lines, defining the connection between the 3D shape and
the 2D fabric. When designing the fabric for a garment, one must consider different factors — the 3D shape
and its evolute, the knitting direction, the correspondence between the evolute and the 2D fabric, the
fashioning lines to be created and the fabric structure, as fabric rigidity plays an important part in the aspect
of the 3D effect.

The use of fashioning lines implies the type of the line — straight line or curved line (with direct influence on
the 3D effect that is generated) and the position of these lines in the fabric. The fashioning lines are defined
using the vertical and horizontal increment (the number of needles and rows with which the knitting varies).

Keywords: 3D knitting, fashioning lines, knitting direction, structural modules.

INTRODUCTION

Knitted garments have an excellent market potential due to their versatility, patterning possibilities and shape
control [4]. The developments in weft knitting machinery led to producing complex fabrics, as well as to
integral knitting (wholegarment knitting). The advantages of producing whole garments on a flat knitting
machine refer to the elimination of cutting and of fabric waste, the reduction of the production time and the
control of the shape during knitting.

Such a process requires understanding the shape of the garment and use 2D and 3D fashioning techniques
that will ensure the correct 3D form of the final product. The possibilities using these techniques are
extremely wide and include all types of garments, from sport or casual clothing to high quality, expensive
garments.

It is therefore important to understand how to control the knitting process so that the intended 3D shape and
pattern are obtained. The design and the calculus for the garment pieces must be carried out according to
the specifics of the knitted fabrics [2, 3] and the specifics of the knitting process. The paper presents some
possibilities of knitting fabrics/products with spatial geometry, emphasising the possibilities offered by the 3D
fashioning lines.

THEORETICAL PRESENTATION

In order to obtain a knitted garment with spatial geometry, several fashioning techniques can be used. These
techniques ensure the 3D fashioning of the garments, the knitting of elements such as collars, pockets, flaps
or decorative elements that increase the complexity of the final product and subsequently its value. Figure 1
presents the fashioning techniques that can be used to shape the products and the effects/items that can be
obtained.

Tubular knitting is mostly used to create fabrics with cylindrical or conical aspect. It is used to produce
hosiery, gloves, and tops. This type of knitting is also well used in flat knitting and one of its main advantages
is that it eliminates the lateral sewing, improving the comfort of the garment. Tubular knitting can also
produce complex shapes, as illustrated in Figure 2 [5].

The use of modules of different structures and/or different stitch density also ensures a spatial
geometry for the products, but the complexity of this geometry is limited. For example, the use of tuck
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stitches can create areas with larger surfaces than the one created by normal stitches, and so the fabric has
a certain degree of spatiality.

Another possibility of generating a spatial effect is the use of dynamic stitch length or cast-off techniques. In
this case, exemplified in Figure 3, the stitches present different dimensions, producing zones in the fabric
with different areas.

Garments with zones fashioned
- through different structures,
| Hosiery | ‘ Gloves | ‘ Tops ‘ panels of constant length

TUBULAR VARIABLE STRUCTURES
KNITTING AND/OR STITCH DENSITY

FASHIONING TECHNIQUES

FASHIONING DIRECTION - FASHIONING DIRECTION-
COURSEWISE WALEWISE
Cuts for bust Wide ending through Vertical cuts for Vertical cuts for fitted
modelling knitting transversally bust modelling waste
Collars Knitted . Variable panel width Collars knitted
horizontally | Cowl drapes | ‘ Knitted hats ‘ {narrowings and widenings) longitudinally

Figure 1: Different fashioning techniques for creating garments with spatial geometry through knitting

Figure 2: Examples of complex tubular shaping

Figure 3: Effect of dynamic stitch length/cast-off
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Fashioning wale wise requires the decrease of the number of wales within the fabric. This variation is
carried out using stitch transfer. It is used mostly to create vertical cuts.

Fashioning course wise involves the use of fashioning lines. These lines are obtained by knitting on a
variable number of needles, first by decreasing the number of needles and then by increasing them. When
the needles are reintroduced into the knitting process, the fashioning line is formed. Fashioning lines are
widely used to shape the garments.

The fashioning lines [1] can be classified considering the following criteria:
Line form
0 Straight — with constant increment of the fashioning line (see Figure 4)
0 Curves, actually defined based on a polygonal contour — with variable increment of the
fashioning line, creating a different 3D geometry depending on the line increment (see Figure 5).
Line symmetry
0 Symmetrical — the two component lines are symmetrical. This is the most common case
because it generates the strongest 3D effect. The symmetry of the fashioning line is reflected in
the spatial geometry of the fabric.
0 Non-symmetrical — the line corresponding to needles that stop working is not symmetrical with
the line corresponding to the same needles restarting to work.

Fashioning line -
Needles start working
Needles start working

Fashioning line -
Needles stop working

Figure 4: Fashioning line in the knitting programme

Figure 5: Polygonal fashioning line (curve)
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From the knitting programming point of view, a fashioning line can be defined using the line increment — the
number of needles that stop/start working in the fashioning zone Aa and the number of rows with the same
number of needles working Ar. By repetition, the line increment gives the line dimensions (the number of
needles and rows for the fashioning line).

By positioning the lines within the fabric panel and using different types of fashioning lines, different effects
and shapes can be obtained. For example, curved fashioning lines are used to give the fabric a circular
shape. In the case of non-symmetrical lines, when reintroducing the needles, the line can have a different
slope or the slope can be eliminated, if all needles start working in the same row, as illustrated in Figure 6.

Figure 6: Non-symmetrical fashioning line

RESULTS

The paper exemplifies the fashioning techniques course wise and wale wise used to shape garments.

In the first case, a curved fashioning line is used to define the horizontal bust cut. The line is non-
symmetrical, all needles starting to work at the same time (as illustrated in Figure 4). The horizontal
increment is first Aa = 4 needles for 3 steps and Aa = 3 needles for the next 6 steps. The vertical increment
is Ar = 2 rows.

\\- 4 cm

10 cm

30 needles  4grows

a) Position of the fashioning line in the front piece b) Fabric aspect
Figure 7: Horizontal cut for the bust area

bust cut

In order to improve the final aspect of deeper horizontal cuts in the garment, a number of complete rows are
knitted between the two components of the fashioning line (2 to 4 rows), as presented in Figure 6. A straight
fashioning line is used in this case, with an increment Aa = 5 needles and Ar = 2 rows.

118



Ve
15" Romanian Textiles and Leather Conference — CORTEP 2014 2 ’- CORTEP
4 - 6 September 2014, Poiana Bragov, Romania |

—

+5X6 2cm

‘/;“'---._' Lem

'5X6/‘ 10 cm 2cm
30 needles

a) Position of the fashioning line in the front piece b) Fabric aspect
Figure 8: Improving the aspect of a deep cut

Vertical cuts are mostly used to model female garments. Their main role is to fit the garment at the waist line,
but in the case of knitted garments other constructive effects can be obtained. These effects depend on the
form and the position of the cuts, as well as their position in reference to the wearer's body.

Figure 9 presents an example of a vertical cut placed above and below the waist line, that fits the garment (a
dress, a blouse, etc.) at the waist line. The stitch transfer is carried out symmetrically (1 stitch for each side)
at every 6 rows (11 times, corresponding to 66 rows) and then the fabric is widened by the same 12 stitches
- 1 stitch for each side, at every 6 rows (9 times, corresponding to 54 rows). This calculus was done based
on the structural parameters of the fabric (vertical and horizontal stitch density).

-

+6x 1/9r
+6x 1/ 9r

L

Waist:line
conl |}

&

L 3k

12 stitches Ol o
i =

— |

w

-6x1/11r
-6x1/11r

Hip line

L
a) Calculus of the vertical cut b) Aspect of the cut in the fabric
Figure 9: Vertical cut at the waist line

CONCLUSIONS

Fashioning presents an excellent potential for the 3D shaping of complex knitted garments and can be used
in producing whole garments through knitting. In today's market, such products present economical
advantages that can make a difference for the producers of knitted clothing.

There are several techniques that can be used to obtain the 3D shape of the product, fashioning lines being

one of the most important. The knitting on variable number of needles is an efficient technique in producing
very complex 3D geometries that can be used for garments, as well as technical products.
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The paper exemplifies two types of fashioning - course wise, using fashioning lines and wale wise, using
stitch transfer. The examples can be extended to other types of garments, such as skirts, trousers, hats,
accessories, etc. They show the potential of knitted fabrics with 3D geometry for garments.
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RESEARCH ON THE TRANSFER OF THE TENSILE PROPERTIES OF
YARNS IN THE TENSILE PROPERTIES OF THE DENIM FABRICS

Liliana BUHU and Daniela NEGRU
“Gheorghe Asachi” Technical University of lasi, Romania

Abstract: In this article, the tensile properties of denim fabrics and the tensile properties of the component
yarns are described. The study was conducted for two variants of denim fabrics with the weave type twill 3/1
right hand. The yarns compositions are 100% cotton for warp or cotton and Lycra blends for weft. The
research performed shows that there is a correlation between the tensile properties of the yarns and the
similar tensile properties of the denim fabric. Tensile strength of the woven fabric is not equivalent to the
cumulated tensile strength of the total number of constituent yarns in the test direction and also same thing
occurs in the case of work to break. This is because of the fact that the number and breaking strength of
individual yarns in the cross direction have a strong influence on the strength fabric's.

Keywords: denim fabrics, tensile properties of yarns, tensile properties of fabrics, breaking strength, work to
break.

1. INTRODUCTION

Denim fabrics is durable, obtained by weaving indigo warp threads and white weft yarns with twill weave type
in such a manner that on the face of the fabric indigo diagonal lines can be seen. Traditionally, denim fabrics
were from 100% cotton yarns; nowadays, the yarns are from 100% cotton, but also cotton blended with
polyester and Lycra. The main application for this particular fabric is woven to make jeans (trousers). The
first pair of jeans was created for the miners in USA, the main goal being that these pants to ensure their
comfort and durability. Afterwards, denim jeans were discovered by consumers regularly as casual wear,
becoming a fashion product. New techniques and designing were developed to make denim fabrics for
desirable and indispensable products. These techniques includes washing, stone washing, cellulase enzyme
washing, stone washing with chlorine, ice washing.

The durability and the value of presenting for textiles clothing are very important properties. These properties
are primarily due to physico-mechanical properties of the fabrics used. It is known that by repeatedly
finishing and washing processes, denim fabrics acquire new properties, such as appearance and touch,
particularly different colors [1-3]. At the same time, through these treatments tensile properties of the yarns
are modified [4].

Tensile strength of fabrics is one of the most important properties that characterize the quality of fabrics.
Tensional properties of a fabric depend on the raw material from which it is made, the structural
characteristics of the fabric (weave type, the warp and weft densities) and weaving subsequent treatments
such as finishing, washing etc. This paper aims to study how the properties of the yarns namely breaking
strength and elongation influence the tensile properties of denim fabric. The study was conducted for two
variants of fabrics with the weave type twill 3/1 right-hand. The yarns compositions are 100% cotton for warp
or cotton and Lycra blends for weft.

In recent years, various studies have been conducted on how various parameters such as strength and
elongation of yarn, density and yarn fineness influences various properties of fabrics [5] and proposing
mathematical models based on artificial neural networks or multiple linear regressions [6-8].

In this paper was studied what influence have different finishing treatments on components of denim fabric
and how yarns properties are transferred in the tensile properties of denim fabrics.
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For this purpose two types of denim fabrics were chosen, all with the same type of weave, but different
finishing treatments. For sample 2 it is applied a finishing treatment that is consisted of coating of
polyurethane film, which gives the fabric a high elasticity and sample 1 is just washed. The yarns from the
composition of these fabrics are the same fineness and composition. Tensile properties of these yarns were
analysed in detail: breaking strength, breaking elongation, breaking tenacity, work to break; have been set
and the variation coefficients of fineness, breaking strength, breaking elongation, breaking tenacity, work to
break. Determination of fabric tensile properties was performed on both the warp and the weft directions.

2. MATERIALS AND METHODS

2.1. Fabric specifications

The denim fabrics used in the study are made in two variants, the type of weave has been twill 3/1 right
hand. The difference between the two variants is that the latter has undergone a finishing treatment by
applying a polyurethane film. Denim fabric is composed from warp of 100% cotton compact yarns and weft of
elastic cotton yarn from 99% cotton and 1% Lycra of 44 dtex.

The main properties of the yarns are shown in Table 1 and for fabrics in Table 2.

Table 1: Properties of the four variants of denim fabrics

Properties Warp Weft
Count of yarn, [tex] 33 20

Breaking strength, [cN] 514.6 270.7
Coefficient of variation of strength, [%] 4.62 4.77
Breaking elongation, [%] 7.35 6.65
Coefficient of variation of elongation [%] 4.73 7.78
Breaking tenacity [cN/tex] 15.12 13.11
Coefficient of variation of tenacity [%] 3.73 3.65
Work to break [N.cm] 9.17 4.23
Coefficient of variation of work [%] 9.19 8.64

Table 2: Properties of the denim fabrics

Denim fabrics Variant 1 and 2
Yarn composition U 100 % cotton

P Weft 99 % cotton / 1 % Lycra
Count of yarn, [tex] w:;tp gg
Density yarn, [ends/cm] w:;tp gg

2.2. Tensile tests

Tensile properties of the yarns have been tested according to ISO 2062, using constant rate of specimen
extension (CRE) tensile testers on a Tinius Olsen H5kT. The gauge length was 500 mm and the tensile
testing speed was 50 mm/min, adjusted so that yarn break is reached in 20+3s.

The tensile strength test of the fabrics in the warp and weft directions was performed according to EN ISO
13934-1. The tensile testing speed was 100 mm/min and the gauge length was 100 mm. For the tensile
properties, the five samples for both variants of fabric were tested, and averages of the test results were
calculated. For each variant, five samples on warp direction and five on weft direction were tested.

All tests for yarns and for denim fabrics were carried out after the specimens were conditioned in standard
atmospheric conditions (temperature 2012 °C, 65+2% relative humidity) for at least 24 hours before testing.

The tensile properties for both variants of denim fabrics in warp and weft directions are presented in Table 3.
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Table 3. The tensile properties of the denim fabrics in warp and in weft directions

Properties Variant 1 Variant 2
Warp Weft Warp Weft
Count of yarn, [tex] 33 20 33 20
Density [ends/cm] 40 23 40 23
Breaking strength [N] 571.4 283.2 572.2 266.4
Breaking elongation [%] 17.51 20.8 20.46 44.32
Work to break [N.cm] 707 311 697.4 498.5

For breaking strength and work to break of denim fabrics in warp and in weft directions the coefficient of
transfer was calculated with the relationships:

Sfabric (warp)
kSwarP = S N -100
yarn(warp) warp
k _ Wfabric (warp) 100
Wwarp — W ‘N '
yarn(warp ) warp

’

respectively

respectively

S, .
kswef[ _ fabric (weft ) 100
Syarn(weft) 'Nweft (1)
W-.. .
kwweft _ fabric (weft ) 100
Wyarn( weft) N weft

()

Table 4. The coefficients of transfer for tensile properties of the denim fabrics in warp and in weft directions

Properties Variant 1 Variant 2

Warp Weft Warp Weft
Coefficient for breaking strength [%] 55.52 90.97 55.60 85.58
Coefficient for work to break [%] 38.56 63.98 38.03 102.47

3. RESULTS AND DISCUSSION

While the transfer coefficient of the breaking strength in warp direction for both variants can be observed that
the average value is approximately constant for transfer coefficient of breaking strength in weft direction it is
observed a reduction of 90.97% to 85.58% by treatment of coating. The variation of the individual values is

shown in Figure 1.

kwarp/kweft (%)
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Figure 1: The transfer coefficient of the breaking strength

1 2 3 4 5
Variant 2

To the transfer coefficient of the work to break in the warp direction for both variants can be observed that
the average value is approximately the same, but the coefficient of transfer of the work to break in the weft
direction, it is an increase of 63.98% to 102.47% coating treatment. This is due to the increase of the
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breaking elongation in the weft direction of the fabric (from 20.8% for uncoated fabric to 44.32% coated
fabric) which can be attributed to the application of the polyurethane film. The variation of the individual
values is shown in Figure 2.

kwarplkweft (%) kwarpl/kweft (%)
70.00 110.00
65.00 . 100.00 —.’"’——‘\T/‘\-—
— ———aa——a—=n
£0.00 90.00
55.00 80.00
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50.00 .
—B—kweft (%) —B—kweft (%
45.00 60.00
40.00 \\ /A\"‘"w-——-—"" 50.00
35.00 - 40.00 P—
30.00
30.00
1 2 3 4 5 1 2 3 4 >
Variant 1 Variant 2

Figure 2: The transfer coefficient of the work to break

4. CONCLUSIONS

Applying on the fabric a polyurethane film led to an increase of the transfer coefficient for work to break in
weft direction, fact which to give the product has very good wear behaviour.

The high value of the transfer coefficient of work to break shows a good use of work to break of the weft
yarns.

The increase work to break of the coated fabric is determined by increasing the breaking elongation in weft
direction fabric coated, as compared with fabric which has been washed only.
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RESEARCH ON THE INFLUENCE OF FINISHING TREATMENTS ON THE
TENSILE PROPERTIES OF DENIM FABRICS

Daniela NEGRU and Liliana BUHU
“Gheorghe Asachi” Technical University of lasi, Romania

Abstract: The aim of this paper is to assess the tensile properties, tearing strength and slippage resistance
of denim fabrics before and after finishing treatments. The denim fabrics are made from cotton yarns in warp
and cotton and elastane in the weft. The yarns counts are 65 tex for warp and 33 tex for weft, the weave type
is twill 3/1 right hand. The treatments applied were finishing and washing. The finishing process comprises
treating the material with sodium hydroxide, followed by neutralization with dilute acid. After finishing occurs
the washing of the denim fabric, namely desizing, enzymatic washing, rinsing, softening and drying.

Keywords: Denim fabrics, tensile properties, tear strength, slippage resistance, finishing process, washing.

INTRODUCTION

This study aimed to assess the tensile and tearing properties of denim fabrics before and after treatments
such are pre-washing, enzyme treatment and stone washing.

Denim jeans became a common term today in our daily life and clothing items that cannot be missing from
anyone's wardrobe. Initially, jeans were marketed as work equipment (overalls) due to their durability. By the
middle of last century denim jeans were discovered by consumers as casual wear and have become
fashionable. Since then manufacturers have developed new techniques to increase the diversity of denim
garments and make them unique. These techniques specific for denim are: washing, stone washing, stone
washing with chlorine, ice washing, and cellulase enzyme washing. Because of these specific techniques,
the properties of denim fabrics are different from other common woven fabrics, a study in this regard being
necessary.

The warp yarn used in denim fabric has a unique technological process compared to conventional fabrics. In
contrast to the warp threads, the weft threads are supplied in bobbins, and are not necessary preparatory
operations before being placed in the rack of weaving machine, in the same way as conventional fabrics. For
warp threads there are several variations of dyeing and sizing, namely: slasher dyeing, beam dyeing, rope
dyeing, and sizing. Slasher dyeing works well with lightweight denims. The slasher dyeing technique can be
used for other dye types for cotton and thus can produce a wide variety of colors other than indigo blue.

The warp yarn is dyed with pigment blue traditionally obtained from indigo dye, the most important natural
dye. At the end of the 19th century were discovered synthetic colors. Indigo color was chosen because of
durability and dark shades. In 1894 a synthetic dye process was perfected. The twill weave, which is used
for denim fabrics, is constructed by interlacing warp and weft yarns in a progressive alternation, which
creates a diagonal effect on the face of the fabric and has a surface of diagonal parallel ridges. Due to the
denim's twill construction, one color predominates on the fabric surface. Specific to twill pattern is that the
fabric is strong and durable.

Tensile properties of fabrics decisively influence the characteristics of a clothing product, such as durability
and presentation value [1]. The tearing strength and slippage resistance are important to denim fabrics given
that the main object of clothing that will be made will be jeans trousers, which must be resistant to not only to
breaking, but also to tearing and slippage [2-4]. Initially, denim fabrics were made from cotton yarns in both
warp and in the weft. Nowadays, due to the trends in fashion and the progress made in realization of the
yarn, denim can be made of 100 % cotton or blends or elastane core yarns, with regard to the comfort and
durability of clothing items that are expected from denim fabrics [5].
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In this paper, denim fabrics have been tested in terms of the tensile properties, tearing strength and slippage
resistance, as follows: raw denim fabric, finished denim fabric and washed denim fabric.

EXPERIMENTAL
1. Materials
Denim fabric is composed of warp yarns of 100% cotton and weft yarns 99% cotton and 1% elastane. The

denim fabric was produced using an airjet weaving machine from Picanol (Belgium). Table 1 displays the
properties of the yarns used in this study.

Table 1: Properties of the warp yarns and the weft yarns

Properties Warp Weft
Count of yarn, [tex] 65 33
Twist of yarn [t/m] 529 660
Twist factor [ tex] 4266 3792
Breaking strength [cN] 1084.20 454.54
Coefficient of variation of force [%] 16.15 10.72
Breaking elongation [%] 5.37 6.00
Coefficient of variation of elongation [%] 9.41 12.23
Breaking tenacity [cN/tex] 15.65 12.77
Coefficient of variation of tenacity [%] 7.99 10.73
Work — to — break [J] 0.0671 0.0321
Coefficient of variation of work [%] 21.68 19.18

The weave type of denim fabric is twill 3/1 right-hand, which is a weave with the warp effect on the fabric
surface. This specific pattern gives a good stability of the yarns in the fabric structure; the aspect on the face
of the fabric is blue oblique stripes [6]. Images of these fabrics can be observed in Figure 1.

Figure 1: Images of the denim fabric samples before finishing, after finishing and after washing

Finishing technology consists of immersing the fabric in a bath containing sodium hydroxide and then
neutralization with a dilute acid. After the finishing process occurs the wash of the denim material in several
stages, namely: desizing, enzyme washing, rinsing, emolliating and drying. Those stages of the washing
process aims to create softness, as well as to reach the desired shade of blue [7, 8]. The weaving

parameters for the three variants of denim fabric are presented in Table 2.

Table 2: The main characteristics for the denim fabric

Properties of the denim fabrics Raw fabric Finished fabric Washed fabric
Weight [g/m?] 270 340 370
Width [cm] 174 140 128
Warp density [ends/cm] 28 32 35

Weft density [ends/cm] 17 19 19.3
Warp contraction [%] 17.5 2 2

Weft contraction [%] 30 10 2
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After the finishing process, it is expected an increase of density in the warp and weft, due to contraction of
warp and weft yarns during the finishing process.

2. Methods

In this study samples were used for investigating the tensile properties for raw fabric, finished fabric and
washed fabric. In the first phase were tested the tensile properties of yarns in the fabric (Table 1). After
testing yarns, fabrics have been tested in order of treatments that they have suffered: raw, finished and
washed. Measurements of the breaking strength and breaking elongation, slippage resistance and tear
strength were carried out.

For the determination of the breaking strength and elongation of textile yarns tests were carried out
according to ISO 2062:2009 by manual method - specimens were taken directly from conditioned packages.
Tensile tests were carried out according to SR EN ISO 13934-1:1999 — by determination of maximum force
and elongation at maximum force using the strip method, on a Tinius Olsen H5kT. For the tensile
properties, ten samples (five on warp direction and five on weft direction) for each fabric were tested, and
averages of the test results were calculated. All tests were carried out after the specimens were conditioned
in standard atmospheric conditions (temperature 20+2 °C, 65+2% relative humidity) for at least 24 hours
before testing.

RESULTS AND DISCUSSION

The results of the investigations of tensile properties of denim fabrics before chemical treatments and after
are summarized in Table 3 in the warp direction and Table 4 in the weft direction.

Table 3: The tensile properties of the denim fabrics in the warp direction

Tensile properties of the denim fabrics Raw fabric Finished fabric Washed fabric
Breaking strength [N] 1148.60 1235.60 977.80
Breaking elongation [%] 24.67 40.04 44.15
Work - to - break [J] 9.876 15.270 29.714
Tear strength [N] 66.75 54.60 67.25
Slippage resistance [N] 314.13 315.03 298.40

As in can be seen in Table 3, in the warp direction, the breaking strength of the finished fabric has the higher
value and the lowest is for the washed fabric. On the other hand, the values of elongation at break increases
significant from raw fabric to the washed fabric and consequently the work - to - break values. The tear
strength of the denim fabric samples decreases for the finished sample and increases for the washed
sample and the slippage resistance increases for the finished sample and decreases for the washed sample.

Table 4: The tensile properties of the denim fabrics in the weft direction

Tensile properties of the denim fabrics Raw fabric Finished fabric Washed fabric
Breaking strength [N] 414.44 385.06 305.84
Breaking elongation [%] 21.22 45.58 67.98
Work - to - break [J] 2.3874 3.6952 4.0476
Tear strength [N] 29.25 26.33 30.33
Slippage resistance [N] 242.63 250.60 221.55

In the weft direction, the breaking strength of the raw fabric has the higher value and decreases for finished
and washed fabric. The elongations at break values have the same trend and the work - to - break values
also. The tear strength of the denim fabric samples decreases for the finished sample and increases for the
washed sample and the slippage resistance increases for the finished sample and decreases for the washed
sample.

CONCLUSIONS

The tendency observed for the maximum breaking strength achieved is to decrease for the raw fabric to the
washed fabric, for both warp and weft directions of the denim fabrics.
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After the finishing process, it is expected an increase of density in the warp and weft, due to contraction of
warp and weft threads during the finishing process. For this reason, it is expected an increase of the
resistance to tear. By applying finishing treatments, a significant change in the average values of the
resistance at break, slip and tear can be observed. The tensile strength of the fabric samples became
weaker in both directions during the finishing processes, because the sodium hydroxide weakens the
strength of the fibres, due to the chemical degradation of cotton. This loss in the durability is gained in the
washing process, when the starch and part of the dyestuff from yarns are removed by the chemicals or hot
water and thus on both directions it will occur an increase in density.

The washing process of the denim fabrics is very important, because if this process is optimally set, the
losing in the strength of the fabric, suffered in the finishing process, can be recovered and the values of
tensile properties can even increase.
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STUDY OF NEEDLING PROCESS PARAMETERS INFLUENCE ON
NONWOVENS WATER ABSORBENT CAPACITY
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Abstract: Water absorptive capacity is a very important property of needle-punched nonwovens used as
irrigation substrate in horticulture. Nonwovens used as watering substrate distribute water uniformly and act
as slight water buffer owing to the absorbent capacity.

The paper analyzes the influence of needling process parameters on water absorptive capacity of needle-
punched nonwovens by using ANOVA model. The model allows the identification of optimal action
parameters in a shorter time and with less material expenses than by experimental research.

The frequency of needle board and needle depth penetration has been used as independent variables while
the water absorptive capacity as dependent variable for ANOVA regression model. Based on employed
ANOVA model we have established that there is a significant influence of needling parameters on water
absorbent capacity.

The higher of depth needle penetration and needle board frequency, the higher is the compactness of fabric.
A less porous structure has a lower water absorptive capacity.

Keywords: nonwoven, viscose, polypropylene, horticulture, absorptive capacity, ANOVA
1. INTRODUCTION

Nonwovens are used effectively for optimising the productivity of crops, gardens and greenhouses. Their
protective nature means that the need for pesticides is reduced and manual labour is kept to @ minimum.

Water absorptive capacity is a very important property and an important criterion for the performance of
needle-punched nonwovens used as irrigation substrate in horticulture [1]. Nonwovens used as watering
substrate distribute water uniformly and act as slight water buffer owing to the absorptive capacity. So, the
irrigation solution is brought directly to the root zone. At the same time, the using of nonwovens with higher
water holding capacity affects the frequency of irrigation which depends by existing environmental
conditions. Nonwovens can have a higher water absorbency if contain in the composition cellulose-based
fibers. The advantages of using in the fibrous blend of PP fibers include lighter weight, high wet strength,
resistance to rot and chemicals and quick wicking action.

Needle punching is a process for converting webs of fibre into coherent fabric structures, normally by means
of barbed needles, which produce mechanical bonds within the web [2].

In order to understand more about the influence of needling process parameters on nonwoven water
absorbent capacity it is essential to use mathematical modelling which is an investigation method of
technological processes based on experimental data collection and processing [3].

ANOVA model allows the identification of optimal action parameters in a shorter time and with less material
expenses than the experimental research. One of the attributes of ANOVA which ensured its early was
computational elegance. The structure of the additive model allows solution for the additive coefficients by
simple algebra rather than by the matrix calculations. The determination of statistical significance also
required access to tables of the Fisher function which were supplied by early statistics test [4-6].

2. EXPERIMENTAL

2.1. Materials
A blend of 50% polypropylene (6.7dtex/50mm) + 50% viscose (3.3dtex/38mm) was used for the preparation
of needle-punched nonwoven fabrics.
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2.2. Methods

Web of polypropylene/viscose fibers was formed by carding and lapping process, respectively. The basis
weight of the web was controlled as 150g/m?. Then the nonwoven fabrics were made by using an Automatex
needle loom having 15x18x42x3CBA Foster needles. The experiments took place under pilot unit condition.

Before performing the water absorbent capacity measurements, the samples were conditioned at 65%,
relative humidity and 20°C temperature for 24 h. The fabric water absorptive capacity was tested according
to 1ISO 9073-6.
The water absorptive capacity in % was calculated using the following relation:

C, = WM;;VIWXIOO(%) (1)
where:
Mg: mass in g of the dry test sample:

M,: mass in g of the wet test sample at the end of test.

There is an increase of water absorptive capacity at low values of needle board frequency and depth
penetration. A porous structure has a higher absorptive capacity.

Experimental results concerning the needle-punched nonwoven water absorbent capacity were statistically
processed using ANOVA model.
3. RESULTS AND DISCUSSION
3.1. Collection, systematization and processing of experimental data
Econometric modelling is performed using numeric variables. In ANOVA regression model were included the
following variables:

- dependent variable (Y) representing the water absorptive capacity, expressed in %;

- independent variables representing needle board frequency (X;) respective needle depth

penetration (X;), expressed in cycles/min respective in mm.

In Table 1 (Figure 1) are indicated the experimental data regarding the influence of independent variables on
water absorptive capacity of needle-punched nonwovens comprising PP fibers and viscose fibers.

Table 1: Experimental data

Mean measured
Independent variables value of
dependent variable

X4 X, Y

94 6 1850
115 8 1979
165 6 2119
165 9 2102
215 8 2017
236 6 1974

3.2. Hypotheses formulation

Ho: Needle board frequency respective needle depth penetration has not significant influence on mean
values of water absorptive capacity;

H1: Needle board frequency respective needle depth penetration has significant influence on mean values of
water absorptive capacity (Hy is reject)

3.3. Formulation of the regression model

The Anova model is defined by relation:
Y =Bo- BiX;- B.X,- € (2)
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The SPSS (Statistical Package for the Social Sciences) program was used in the modelling process.
The coefficients defined in Table 2 were determined for the established model and the t-test show if the
influence of the needle board frequency respective needle depth penetration is “significant” on mean values

of water absorptive capacity.

Table 2: Coefficients of ANOVA model

Standardized
Unstandardized Coefficients | Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 1639.838 123.005 13.331 0.000
Needle board frequency 0.703 0.359 0.396 1.958 0.039
Needle depth penetration 35.138 14.832 0.479 2.369 0.032

a. Dependent Variable: Water absorbent capacity

From Table 2 it can be noticed that Sig<0.05, so the Hy is rejected and H, accepted. Hence, the needle
board frequency and needle depth penetration has a significant influence on water absorptive capacity.

The estimated ANOVA model has the following expression:

Y =1639.84- 0.703X, - 35.138X, (3)

3.4. Hypotheses confirmation over errors
3.4.1. M(£)=0 (errors mean is null)

The hypotheses are the following:
H, :M(e)=0

H, :M(e)=0 “)

The Student t-test for errors (Unstandardized Residual) evaluation was applied as see in Table 3.

Table 3: Student t-test for testing of mean errors

Test Value =0
95% Confidence Interval
Mean of the Difference
t df Sig. (2-tailed) Difference Lower Upper
Water absorptive capacity 93.030 17 0.000 2007.611 1962.08 2053.14
Unstandardized Residual 0.000 17 1.000 0.000 -35.67 35.67

(Sig=1>0.05, so hypothesis Hy is accepted)

34.2.V (g) = 2 (homoscedasticity hypotheses)

A non-parametric correlation test is applied between the estimated errors and dependent variable. The
correlation coefficient Spearman was calculated and the Student t-test for this coefficient was performed
(see Table 4).

The hypotheses are:

Ho: correlation coefficient is insignificantly larger than zero (null hypothesis of Student t-test is accepted);
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H4: correlation coefficient is significantly larger than zero (null hypothesis of Student t-test is rejected).
Table 4: Spearman test for verifying the homoscedasticity hypothesis

Correlations

Water
absorptive Unstandardize
capacity d Residual
Spearman's rho Water absorbent capacity Correlation Coefficient 1.000 0.720
Sig. (2-tailed) 0.000 0.001
N 18 18
Unstandardized Residual Correlation Coefficient 0.720" 1.000
Sig. (2-tailed) 0.001 0.000
N 18 18

**_Correlation is significant at the 0.01 level (2-tailed).

The values of sig. for correlations water absorptive capacity — estimated errors (Sig=0.000) are equal and
constant. The correlation Spearman coefficient (r=0.720) and Student t-test for this Spearman coefficient are
indicated in Table 4. The significance of Student t-test (Sig t=0.000) leads to the decision to reject the null
hypothesis of Student test (hypothesis that correlation coefficient is insignificantly larger than
zero).Therefore, is rejected the homoscedasticity hypothesis for regression model between the water
absorptive capacity and dependent variables (needle board frequency and needle depth penetration)with a
probability of 0.95.

3.4.3.€i ~N(0, ?) - normality hypothesis

Testing normality errors distribution can be done using non-parametric tests like Kolmogorov-Smirnov test,
Skewness test and Kurtosis test [7] (see Table 5 and Table 6).

Table 5: Kolmogorov-Smirnov Test

Water absorptive capacity

N 18
Normal Parameters®® Mean 2007.61

Std. 91.557

Deviation
Most Extreme Absolute 0.190
Differences Positive 0.096

Negative -0.190
Kolmogorov-Smirnov Z 0.807
Asymp. Sig. (2-tailed) 0.534

a. Test distribution is Normal.b. Calculated from data.

The Sig=0.534 >0.05, so it is accepted the normality hypothesis (Ho).
Estimates of distribution errors form are the folowing:
- Fisher asymmetry coefficient: sw = 0.924, for a positive asymmetry (sw > 0);
- Fisher vaulting coefficients: k = -0.109 for a flattened distribution (k <0).

Table 6: Skewness and Kurtosis test for normality hypothesis

Statistics
Water absorptive capacity | Unstandardized Residual

N Valid 18 18

Missing 0 0
Skewness -0.508 0.924
Std. Error of Skewness 0.536 0.536
Kurtosis -0.222 -0.109
Std. Error of Kurtosis 1.038 1.038

As seen in Figure 1, the parameter estimations indicate a deviation of errors distribution from the normal

distribution.
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Figure 1: Estimated errors distribution
3.4.4. cov (&i, €i) - testing of errors autocorrelation

The hypotheses are:

Ho: p = 0 (the errors are not auto-correlated);

Hq: p # O (the errors are auto-correlated).

For the verification was used the Durbin-Watson test and the results are presented in Table 7.

Table 7: Durbin Watson test for errors auto-correlated testing

Adjusted R Std. Error of
Model R R Square Square the Estimate

1 0.783 0.614 0.589 58.663 0.681

Durbin-Watson

The value of 0.681 is compared with test calculated value (dl, du). It is noted that the obtained value is in the
range (0, dl) [7]. Therefore, the null hypothesis is rejected which means that the recorded errors have a
positive auto-correlation.

The test statistic is the following: DW =d =2(1- p)where p is the correlation coefficient error estimator and
fulfilling the following condition: - 1: p< 1. If d=2(1- p), the statistic values are in the range: 0: d: 4. In

table 6 is shown the calculated value of Durbin-Watson statistic d¢.,c = 0.681. This value is compared with the
critical values, noted d. = 1.158 (lower limit) and dy=1.391 (upper limit) which are read from the Durbin-
Watson table for a threshold of significance 0,05, for a regression model with two parameters [7].

4. CONCLUSIONS

To establish the influence of independent variables (X; and X;) and dependent variable (Y), a mathematical
modelling was performed as described in “Experimental” section.

ANOVA model permits us to evaluate the homogeneous character of population by separating and testing of
the effects caused by considered factors. Based on ANOVA model has been established that sig<0.05. So,
the hypothesis Hy is rejected and H, is accepted.

Hence, employing ANOVA model on needle-punched nonwovens used in horticulture has revealed that
needling process parameters have a significant influence on water absorptive capacity.

It is known that the water absorptive capacity of nonwoven increases with the increasing of proportion of

cellulose-based fibers. Even the needling process parameters, namely, needle board frequency and needle
depth penetration in web can increase water absorptive capacity until to certain values.
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Based on experimental data, it is noticed that an increase of needle frequency and depth penetration have
the same effect on nonwoven water absorptive capacity. It is found that 6 mm depth of needle penetration
and 165 cycles/min needle board frequency is an optimum combination which might be considered for a
maximum value of absorptive capacity because deviation from any of the independent variables may be
responsible for the decreasing in absorptive capacity.

In general, with the increase of needle board frequency or depth penetration, absorptive capacity parameter
decreases. The higher is fabric compactness, the lower is the number of pores (amount of voids) in
structure. A less porous structure has a lower absorptive capacity.

The using of nonwovens with higher water holding capacity affects the frequency of irrigation which depends
by existing environmental conditions.
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CONSIDERATIONS ON THE OVERALL ASSESSMENT OF THE QUALITY
PROFILE FOR SKIRTS DESIGNED AS READY-TO-WEAR COLLECTION

Rodica HARPA
“Gheorghe Asachi” Technical University of lasi, Romania

Abstract: A positive effect of the globalized market is the “consumer market without frontiers". In the textile -
garments field, this effect has generated a change in the supply chain by means of the international
outsourcing contracts, as lohn system. Among other things, in lohn system the manufacturer can work
without partnership ties with the inputs supplier and without partnership ties with the distribution of the final
goods on the market (lacking the timely feedback from the final customer, which is the wearer). So, issues
can occur considering the final quality of the ready-to-wear collections according to the end use, aside from
the technological concerns during the garment processing.

This paper addressed issues referring to accomplish a certain quality profile of designed skirts for ready-to-
wear collections, by means of the overall characteristics (comfort, aesthetic and durability), for the end use's
features expected and, for the specific perceptions of women.

Keywords: lohn system, quality profile, skirts, fabrics, coating, lining, sewing threads

1. INTRODUCTION

One of the positive effects of the globalized market is the “consumer market without frontiers". In the
garment manufacture sector, this effect has generated a change in the principles of organizing and carrying
out of the supply chain, by means of the emergence of international outsourcing contracts, named the lohn
system. In principle, is known among other things, that in the lohn system the manufacturer can work without
partnership ties with the fabrics supplier (lacking to quality specifications feedback) and without partnership
ties with the distributing company of the final goods on the market (lacking the timely feedback from the final
customer, that is the wearer) [1, 2].

Another interesting aspect of the lohn system is the launching way into production orders for the collections
designed by the international outsourcing divisions, with which the garments company is not directly linked
[1, 2].

The main requirements of a women garment are: adequate durability, a sufficient degree of comfort at
wearing and last but not least, to improve the aesthetic appearance of the wearer, now matter what the end
use is. In the past, an optimal compromise referring to the above demands relied on the ability of the tailor [1,
3].

This is the context in which, issues can occur do to the lohn system considering the final quality of the ready-
to-wear collections according to the end use, aside from the technological concerns during the garment
processing. When the apparels’ quality for women is defined and measured from the industry perspective,
tends to focus on the physical properties that can be measured objectively; nevertheless, a perspective that
was received as much awareness is the women perspective, as the consumer’s viewpoint of quality [2, 4]
Nowadays the fabrics for the design and manufacturing of women garment should be considered a entity
more and more complex, reliant on the garments’ layers (coating fabric, lining fabric, etc) ,on threads for
sewing, and subjected to the testing methodology to achieve the best tailoring to be employed, based on the
physical-mechanical properties [5,6,7].

Furthermore, no matter what niche is targeted, ladies-wear garments designed by means of engineering
methods must have good functional and aesthetical features [2, 6].

Previous papers have approached the quality issues of garments for women’s by means of the quality level
for the major features that are usually involved: the design features (garment design, raw materials,
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manufacturing particularities, sewing parameters and finishing techniques) and the performance features for
the achievement of some physiological, physical and aesthetic properties [8,9,10].

The "cause and effect diagram” for the quality of the skirts have been configured for highlighting the main
causes which should be considered for improving, as the following: base material, secondary material,
auxiliaries and threads for sewing, garment design and manufacturing [11].

This paper addressed issues referring to accomplish a certain quality profile of designed skirts for ready-to-
wear collections, by means of the overall characteristics (comfort, aesthetic and durability), for the end use's
features expected and, for the specific perceptions of women.

2. EXPERIMENTAL

2.1 Materials

The experiment was carried out, with four fabrics adequate to different end use in skirts, for coating and for
lining, proposed in the skirt design stage, of a ready-to-wear collection.

Actually, the ones for coating were used for the trousers and, thanks to the launch of an expanded
collections (as often happens in the Iohn system), designers have included in the collection, two skirts

models from existing coating materials with additional lining materials, not used for the pants.

Designed collection for ladies - casual look, is presented in Table 1 and the main description of the raw
material proposed for the designed skirts are presented in Table 2.

Table 1. Designed collection for women- casual look

Product Pattern

Trousers

Skirts
— ‘
‘\‘\
L
“A-Line* “Pencil”
Fabric layers F1-coating and F2-lining F3-coating and F4-lining
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Usual, in the lohn system, the overall profile of the garment is established and made known to the
manufacturer by means of the technological report, which shows the raw materials to be used: coating,
lining, all details about the sewing threads and about the stitches.

Table 2. Main description of the raw material proposed for the designed skirts

Fabric | Fabric F1 F2 F3 F3
S symbol
Skirt coating lining coating lining
layer
Weave plain ( checked twill 2/1 plain ( striped plain

fabric) fabric)

Raw

. 0, 0, 0 0
material | PESOVRLVIVRIEL | oA 6700 PES 33% | PESTOIIYZSRIE | ca 58%) oV 42%
Fabric mixture colors : black, black, , light- brown, navy blue
; pale-brown
Colors light- brown, grey navy blue
Sewin | Thread
g Ticket Epic 150 (21tex) | Epic 120 (24tex) | Epic 150 (21tex) | Epic 120 (24 tex)
thread | /Nomina
S | size
(Nt; Raw Polyester Polyester Polyester Polyester
ut)* material corespun corespun corespun corespun
gcr)]lgr brown pale-brown black navy blue
Stitch | Stitch 301 301 301 301
code 504 504 504 504
103 103
Stitch Lockstitch Lockstitch Lockstitch Lockstitch
type (Nt & Ut) (Nt & Ut) (Nt & Ut) (Nt & Ut)
Over edge Over edge Over edge Over edge
(Nt & 2 Ut) (Nt & 2 Ut) (Nt & 2 Ut) (Nt & 2 Ut)
Blind stitch (Nt) Blind stitch(Nt)
Needle
size Nm 65-75 Nm 70-90 Nm 65-75 Nm 70-90
* (Nt / Needle thread; Ut /Under thread)
2.2 Methods

The testing methodology deployed after the assessment of the structural characteristics of fabrics (weight
M,g/m2 and thickness g,,mm), was carried out according to standards, to achieve the following
characterization of the fabrics.
Quality evaluation of comfort :water vapor permeability (Pv,mg/24h)
Quality evaluation of durability: breaking force (Fr,N); elongation (Er,%); breaking length (Lr, km); Grab
force (Fg,N); Grab elongation (EG,%)
Quality evaluation of aesthetics: drape coefficient (DC,%), crease recovery coefficient ([1,%); stiffness
(R, mg*cm); flexibility (H,%)
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For all selected fabrics in designed skirts, a sampling was carried out to ensure five samples for five single
tests each, and when was necessary (for durability and aesthetics), on the warp and on the weft directions.
According to SR EN 139:2005, fabrics samples (for coating and lining) were conditioned at 65 *+ 4% , relative
humidity and 20 + 2°C for 24 hours, before testing.

3. RESULTS AND DISCUSSION
Table 3 shows the average values of the structural and comfort properties, for each fabric indented to
manufacturing the skits. Regardless of what kind of fabric is analyzed, according to the presented data, the

water vapor permeability is correlated to the structural properties.

Table 3. Structural and comfort properties, for the layers of skirts

Fabric symbol F1 F2 F3 F4
Skirt layer coating lining coating lining
Mass per square 216 69 180 64
meter ,M (g/m°)

Thickness,gp (mm) 0.43 0.18 0.34 0.1
Water vapor 940 880 950 1045
permeability,

Pv(mg/24h)

The differences between coating fabrics (F1 and F3) and lining fabrics (F2 and F4), are not big, but
significant from the structural and comfort characteristics point of view thus, the designed combinations F1-
F2 and F3-F4, it seem to be acceptable (Figure 1).

1100
1000
900
800
700
600
500
400~
300

200

O M [g/im2]
B Pv[mg/24h]

100+

F1 F2 F3 F4

Figure 1: Comfort properties display for the layers of skirts

Table 4 shows the average values of the durability properties separately for each sampling direction that is
also the loading threads, for each fabric indented to manufacturing the designed skits.

Table 4. Durability properties for the layers of skirts

Fabric symbol F1 F2 F3 F4

Skirt layer coating lining coating lining
Sampling direction Warp Weft Warp Weft Warp Weft Warp Weft
Breaking Average 618 378 303 236 469.5 346.4 150.3 112.1
force Fr(N) | CV g o, 5.3 10.4 10.5 20.6 3.9 6.3 7.3 111
Elongation, | Average 22.8 34.9 13.2 20.9 24.5 36.1 17.8 24.7
Er (%) CVeg, % 3.2 7.4 3.8 15.2 2.2 5.3 8.3 9.9
Breaking length, Lr(km) 5.72 3.50 8.78 6.84 5.22 3.85 4.70 3.50
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Fabric symbol F1 F2 F3 F4

4.61 7.81 4.53 4.1
Grab force, Fg(N ) 104.05 102.45 102.01 101.22 103.46 101.58 99.08 98.4
Grab elongation,Eg( %) 14.87 23.38 11.12 22.37 13.37 31.25 10.3 19.01

The distribution of the average values for breaking force, elongation, breaking length, Grab force and Grab
elongation is shown in the Figure 2.a. ( values achieved for the warp threads’ loading ) and in the Figure 2.b.

( values achieved for the weft threads’ loading).
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Figure 2: Overall durability properties display for the layers of skirts:
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In this part, it is important to keep in mind that the two types of materials chosen for the coating and
respectively, the two types of materials chosen for the lining, are close enough in terms of raw materials and
patterns (see Table 2). Therefore, the evaluation of the durability parameters reveals that both groups of
fabrics (coating, lining) had the similar behaviour to the tensile testing, with variation of the durability in a
closer and limited range, with only two exceptions.

These were of the breaking forces obtained for coating fabrics (F1 and F3) for the warp loading and, of the
breaking forces obtained for lining fabrics ( F2 and F4) for both loading directions (warp , weft).

The coating fabrics F1 and F3 are more resistant on the warp threads’ loading and, between them there is a
difference of 25 % in support of F1.

The lining fabrics F2 and F4 have dissimilar durability because of the breaking forces, with a difference of
almost 50% between them in support of F2, and this behaviour could be attributed to the effects of weight
and thickness.

As a result, from the durability point of view (also, assuming that the sewing for the garment and the future
requests for the end use) the designed combinations F1-F2 / F3-F4, it seem to be acceptable.

Table 5 shows the average changes in some aesthetic properties of fabrics: drape, crease recovery and
stiffness/flexibility, and Figure 3 shows the overall variation of the experimental values.

Table 5: Aesthetic properties for the layers of skirts

Fabric symbol F1 F2 F3 F4
Skirt layer coating lining coating lining
Sampling direction Warp | Weft | Warp | Weft | Warp | Weft | Warp | Wett
Drape coefficient, DC (%) 24.3 24 21.1 21.5
Crease recovery Recovery angle, 157 | 159 | 136 | 146 164 | 169 120 | 125
Coefficient (%) 87.6 78.1 92.4 68.1
Stiffness R(mg*cm) | Axial 136.76 | 97.03 | 73.47 | 23.29 [ 113.97 | 73.73 [ 55.14 | 51.2
Total 115.2 41.4 91.6 51.13
Flexibility H(%) 57.77 | 69.72 | 45.94 [ 76.33 | 62.38 | 70.83 | 55.66 | 53.94
63.74 61.13 66.6 54.8
mDc [%] OA[%] R [mg*cm] OH [%]
\ \
F4
F3
F2 7
F1
0‘.0 2(;.0 4(;.0 6(;.0 8(;.0 106.0 12‘0.0

Figure 3: Overall aesthetic properties display for the layers of skirts

Altogether, were observed the following details:
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- F3 material for coating has a better drape ability, crease recovery and flexibility compared to the F1;
- F4 material for lining has a better drape ability compared to the F2 and anisotropy to bending, but is
a fabric more balanced then F2.
Therefore, it seems that, the designed combinations F3-F4 for the “Pencil” could be more suitable for the “A-
Line “skirts.

According to the Table 1, garment silhouette with pattern made of different fabrics for coating and lining
would be different on same garment style and is expected that the behaviour during use to depend on that.

The skirts quality requirements are rigorous and intended to guarantee the functional and aesthetic
properties when women dress in and, the experimental results showed that for above materials it should be
better to change the pattern: instead of combination F1 with F2 for “a-line” pattern to use combination F3
with F4 .

4. CONCLUSIONS

In this study, has been reported an experimental investigation on some fabrics selected as layers for two
designed skirts from a ready-to-wear collection.

The main issue for the deploying the manufacturing of women garments by means of lohn system could be
the adequate behavior of selected material for a pattern during use, keeping in mind that, every layer has an
individual contribution (reliant on the raw material, fabrics’ pattern, finishing) .

Obviously, the quality profile for garments of the same generic category differs depending on the number of
fabric layers and their combination within the product, also on the sewing threads, the sewing machine, the
needle size, the seam type (for joining and /or over-edging) and last but not least, on the product’s finishing .
In this paper, for the customary textile materials it was necessary to define a quality profile according to the
silhouette design of garment with “a-line” or “pencil” pattern.

The outcome of this paper was that, a suitable evaluation strategy according to the end use of the skirts from
the ready-to-wear collections, should consider the contribution of all fabrics as combination coating-layers on
the certain quality profile, and the manufacturer could redefine the designed product, including in the
situation of lohn system, to guarantee the functional and aesthetic properties when women dress in.
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STUDY ON STRENGTH TRANSFER COEFFICIENT FROM ROVING TO
GLASS WOVEN FABRICS
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Romania

Abstract: The use of glass fibres as reinforcing medium for composites is a popular choice, due to various
benefits such as reduced cost, greater design flexibility and good mechanical properties. Strength transfer
coefficient from yarn to woven fabric/textile composite could be a useful index to design and evaluate the
influence of weave structure on textile fabric/textile composite mechanical properties. For the present study,
two variants of glass woven fabrics with different structural characteristics have been analysed and tested, in
order to estimate the influence of fabric structure on the strength transfer coefficient in both warp and weft
direction. It was found that, unlike the woven fabrics made of common raw materials (cotton, wool etc.), for
which the strength transfer coefficient is greater than unity, for the fabrics that contains technical yarns with
very smooth surface, this coefficient can be lower than unity. Further work will focus on the strength transfer
coefficient from fibreglass roving to composite structure.

Keywords: glass fibres, woven fabrics, tensile strength, strength transfer coefficient.

1. INTRODUCTION

The vast majority of all fibers used in the industry of composites materials are glass fibres. This is due to
various benefits offered by glass fiber such as reduced cost, greater design flexibility and good mechanical
properties [1,2]. Glass fibers are the most common reinforcement used in non-aerospace applications to
replace heavier metal parts. In woven fiberglass fabrics, continuous glass fibres bundled into rovings are
woven into a number of different patterns, each with its own weight and unique strength characteristics [3,4].

The breaking strength of textile composite reinforced with glass woven fabrics depends on fiberglass roving
tensile strength, woven fabric parameters and impregnating process. Tensile strength of fiberglass roving is
determined by inherent properties of filaments (raw material, internal structure, surface characteristics),
number of filaments in the cross section and the finishing treatment applied prior to weaving. Woven fabric
architecture influences the tensile strength through roving density (roving/cm) and weave structure.

Because of the stresses imparted during weaving process and due to the woven fabric architecture (weaves
structure, yarn density etc.), the breaking strength of an individual yarn is affected after its integration in the
fabric. Weave architecture (type of warp and weft roving, their linear densities, the warp and weft densities,
weave pattern etc.) influences the mechanical properties of the woven reinforcement.

Tensile strength of individual yarns is changed after their integration into the woven fabric (it increases or
decreases depending on various factors). For woven fabrics having traditional yarns made of common raw
materials like cotton, wool etc., the friction between yarns gives the structure good stability and coherence.
One can conclude that the tensile strength of individual yarn “increases” after its integration in the fabric and
this effect becomes more pronounced with yarn crimp frequency (induced by weave structure and yarns
density) [5,6]. For the fabrics woven with multiflament tows like glass, carbon, aramide etc., owing to tow
surface characteristics (very smooth), the breaking strength of an individual tow does not always increase
after its integration in the fabric.

In order to evaluate strength transfer from yarn to woven fabric/textile composite, a strength transfer
coefficient (C) can be defined as the ratio between the initial tenacity of yarn — T; (before weaving) and the
final tenacity of yarn, after its integration in the fabric or textile composite -Tf [7,8]. This coefficient could be a
very useful index to evaluate the fabric architecture influence on the breaking strength of glass
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fabric/composite. In the field of traditional textiles there are some studies concerning the strength transfer
coefficient from yarn to woven structure [5,6,7], but there is a lack of knowledge in the field of technical
yarns. In the present study, two variants of glass woven fabrics with different structural characteristics have
been analysed and tested in order to estimate the influence of fabric structure on the strength transfer
coefficient in both warp and weft.

2. EXPERIMENTAL WORK

For the purpose of this study, the strength transfer coefficient (C) is defined as:

TIr

Trw

Cc= (1)
where:

T, is the tenacity of fiberglass roving pulled out from woven fabric [N/cm];

T.w is tenacity of fiberglass roving inside woven fabric [N/cm].

As used in yarn manufacturing and textile engineering, tenacity denotes the strength of a yarn or
multifilament tow of given size and it is generally synonymous to ultimate tensile strength. The tenacity of
roving pulled out from woven fabric can be calculated using the following formula:

Fr
T, = [N/tex] (2)
r Ttex

where:
Fr is tensile strength of the roving pulled out from woven fabric [N];
Tiex is linear density of the roving [tex].

The roving tenacity after its integration in woven fabric can be calculated using the following relation:

E
T W

w :m [N/tex] (3)

where:
FW is average value of tensile strength of woven fabric specimen [N];

b - width of the woven specimen (b =5 cm);
P - roving density in direction of the applied load [rovings/cm];
Tiex - linear density of roving [g/1000 m].

Replacing the relations (2) and (3) in relation (1), we obtain the mathematical formula for strength transfer
coefficient from roving to woven fabric:
F
c=—— (4)
bxP xFr

Two variants of fiberglass fabrics woven using 1200 tex and 2400 tex E-glass multifilament roving (supplied
by Isola Fabrics) have been studied. Table 1 shows the main structural characteristics and properties of
woven fabrics.

Table 1: Structural characteristics and properties of fiberglass woven fabrics

Characteristics UM Variant 1 | Variant 2
Linear density of warp and weft rovings tex 1200 2400
Length/width of roving's cross section mm 3.5/0.28 | 5.0/0.37
Warp density roving/10 cm 22 17
Weft density roving /10 cm 20 17
Weave structure - plain plain
Cover factor % 93.1 97.7
Thickness mm 0.54 0.87
Areal weight g/m’ 500 800
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The first article has a small imbalance between the yarn densities on the warp and the weft direction while
the second article has a perfectly square structure. The cover factor of the fabric, defined as a ratio between
the area of the plane projection of the yarns and the total area of the woven fabric, is greater in the second
article than in the first one.

In order to calculate the strength transfer coefficient from fibreglass roving to glass woven fabric, the tensile
strength for both roving and woven fabric was measured on specimens of 200 mm length. Four samples of
fiberglass roving from each woven fabric variant, both from warp and weft, were carefully pulled out and
prepared according to [9]. Each individual specimen was fixed at the two ends with thick cardboard strips
using epoxy resin supplied by Bison®, leaving 200 mm free length for test (Figure 1-a).

Glass woven fabric specimens of 50 mm width, taken from warp and weft, were prepared in the same way,
with cardboard strips glued at the two ends, in order to avoid crushing the fibreglass roving at edge of the
clamps and to prevent slippage during testing (Figure 1-b). The free distance between the cardboards was
200 mm, according to [10].

a) b)
Figure 1: Preparation of the glass samples for tensile test - roving (a) and woven fabric (b)
The specimens of fibreglass roving and glass woven fabric were tested in similar conditions, using the servo-

hydraulic testing system INSTRON 8801 (Figure 3). The testing speed was kept at 10 mm/min, and the
gauge length was 200 mm.

Before testing, the fibreglass roving and woven fabric specimens, prepared as mentioned above, were
conditioned for 24 hours in standard atmospheric conditions, at 20°C temperature and 65% relative humidity.

Figure 2: Glass woven fabric tensile testing.
a) Testing system INSTRON 8801; b) Glas woven fabric specimen after breaking
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3. RESULTS AND DISCUSSIONS

Table 2 presents the results of tensile tests for fiberglass roving pulled out from warp and weft for both glass
woven fabric variants. Figure 3 shows typical force/strain curves of fiberglass roving.

Table 2: Tensile strength test results for fibreglass roving pulled out from the woven fabric

Ultimate tensile strength Ultimate strain Force max
Variant [MPa] [%] [N]
warp weft warp weft warp weft
1st 328.1 418.0 1.2 1.7 321.6 409.6
2nd 441.8 485.8 1.5 1.7 817.3 898.8
1000
900 o
800 /7\'}"‘-\" ‘n'.
700 0
%? 600 Ji" \ ;
E 500 / \ .", 1st-warp
% / \ -;' ----- 1st-weft
s 400 P N ‘ 2nd-warp
" 300 / /“-/\'H \:& --------- 2nd-weft
/ff“/ \\ \\\
100 = el ‘“‘.:'._
,,:Nr “\.“.
D . bl 1)
0,0 0,5 1,0 1,5 20 25 3,0
Tensile Strain [%]

Figure 3: Typical force/strain curves for fibreglass roving

Table 2 and Figure 3 show that for both studied variants of woven fabric, the tensile strength of fibreglass
roving pulled out from weft is higher than the value registered for the warp roving. This result can be
explained by the higher loads supported by the warp yarns during weaving, comparing to weft yarns.
Moreover, the movement of the frames in vertical plane can also cause degradation of warp fibreglass
roving, reducing their strength. Both articles show this difference ant the fact confirms the influence of
weaving process on the tensile strength of yarns. Analysing the results obtained for fibreglass roving
extracted from the two types of woven fabrics, one can observe that the difference between the tensile
strength on warp and weft direction is significantly higher for the finest roving (27%), compared to the thicker
one (10%).

Table 3 presents the results of tensile tests for glass woven fabrics in warp and weft for both woven variants.
Figure 4 shows typical force/strain curves of glass woven fabrics.

Table 3: Tensile properties of glass woven fabrics

Ultimate tensile strength Ultimate strain Force max
Variant [MPa] %] [N]
warp weft warp weft warp weft
1st 140.5 158.9 1.6 2.0 3789.5 4291.4
2nd 139.3 159.2 2.0 21 6059.7 6926.3

Tensile strength of glass woven fabric mainly depends on fiberglass roving strength, but also on woven
fabric architecture.
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Similar conclusion as for glass roving can be drawn for the strength of woven fabrics: in warp direction, the
loss of strenght is biger than in weft direction, for both articles. In terms of percentage, the amounts of
strength loss are near for both articles: 13.2% for the first article and 14.3 % for the second one. The curve
allures are similar to the curves obtained for the glass roving, but more smooth, without picks.
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Figure 4: Typical force/strain curves for glass woven fabrics

Table 4 presents the values for tenacity of glass roving and the coefficient of strength transfer from roving to
woven fabrics. Graphical representations of the strength transfer from roving to glass woven fabrics is

presented in Figure 5.

Table 4: Tenacity for the glass rovings and the coefficient of strength transfer from roving to woven fabrics

Fiberglass roving Fiberglass rowing tenacity | Coefficient of strength transfer
Variant tenacity inside woven fabric from fiberglass rowing to
Tf [N/tex] Ti [N/tex] woven fabric C
warp weft warp weft warp weft
1st 0.268 0.341 0.287 0.358 1.071 1.050
2nd 0.341 0.375 0.316 0.361 0.927 0.963
110 ©
105 1
1,00 1~
W warp
095 _x/ weft
0,20 -
0,85 +- .
1st 2nd

Figure 5: Strength transfer coefficient for the two woven fabric variants
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For the first article, the strength transfer coefficient from roving to woven fabrics is bigger than unity, which
signifies an increase of individual strength of the fiberglass roving after integration in woven fabric. This
shows that mechanical properties of the yarns were well preserved after being integrated in the woven fabric
due to well-dimensioned structural parameters.

In the second article, as the transfer coefficient is smaller than unity, there is a reduction of the mechanical
properties of the yarns after being integrated. The difference of the cover factor between the two variant of
woven fabrics (93.1% for the first article and 97.7% for the second one) could justify the reduced
performance of the yarns in the second structure. As the yarns are too clustered together in the fabric
structure, this could negatively affect the straightening phenomenon that occurs in the first phase of tensile
testing and results in reduced values of tensile strength of the fabric.

CONCLUSION

Two glass woven fabric variants have been studied for the evaluation of the changes that a fibreglass roving
undergoes after weaving in order to understand the transfer of strength from a multifilament yarn to the
woven fabric.

It was found that increasing the cover factor of the woven fabric reduces the strength transfer coefficient from
roving to textile structure.

Further work will focus on the strength transfer coefficient from fibreglass roving to composite structure.
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LINEAR REGRESSION FROM SPSS IN
THE HYGROSCOPICITY ANALYSIS OF THE BAST YARNS
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Abstract: The statistical program SPSS includes techniques and procedures using from simple processes to
certain complex statistics, from histograms, percentile values, central tendency (mean, median, mode) and
dispersional indicators (minimum, maximum, variance, standard deviation), distribution coefficients
(Skewness, Kurtosis), confidence coefficients, statistical techniques exploring correlation among two or more
variables to dispersional analysis. The results are presented in the tables and graphics that are easy to
follow and use. Over the past years, the hygroscopicity of the bast fibres and yarns has been in the attention
of many researchers [1-4] because this propriety influences the processes as well as the behavior in using
the textile products. The aim of this paper is to presents the principal facilities of the SPSS programm with
examples of the analysis using the linear regression to study the hygroscopicity of the bast yarns.

Keywords: data statistics, regression, correlation, bast yarns.

INTRODUCTION

Obtaining performent and swift results can not be conceived without the use of the electronic microcomputer
equipped with a strong and comprehensive software, no matter the type of activity, theoretical research, and
practical preoccupation in a technical, economic, social, education or science field. From the resolution of a
mathematical theorem, which many times covers hundreds of pages, where the computer is working with the
mathematician to verify correctness and completeness of a theory without interruption for extended periods
of time, even the order of months, to the planning and tracking of the technological process, even the most
simple, or performing basic operations of addition, subtraction, multiplication and/or division. Modern
statistical research assumes resolving certain problems of optimizing technical processes in textile industry,
not only utilizing powerful PC, but also suitable statistical software packages, accesible user-friendly and
with mechanisms on the one hand to keep the experimental data and their processing under appropriate
statistical techniques and procedures, and on the other, presenting the results of the computer easy to follow
in tables and graphs and implemented in control activities, management and/or prognosis.

This paper is focused firstly, on a presentation of the main facilities provided by the SPSS software in
statistical research, and secondly, on the presentation and interpretation of results supplied by the computer
analysis using linear regression of hygroscopicity of yarns from flax and hemp.

ABOUT THE DATABASE OF SPSS SOFTWARE

In the context of a certain type of application, a great importance is given to the way of organizing, storage,
access and control of data processed. Inserting, removing, searching and modifying data or the connection
between them must be based on the application type, optimally with the guarantee security and integrity of
the data by protecting them compared to the malfunction of equipment and software in the computer
configuration used. In the SPSS software package, preservation of primary experimental data, of the
intermediate results and of those obtained from further processing by the computer is done in a directory on
the disk, in form of files recognized in an appropriate format that later can be saved on an external magnetic
media (CD, memory stick etc.).

After the release of SPSS software in terms of Data View or Variable View data files with an extension .sav,
can support operation well known in Computer Science, such as generating, updating whenever necessary,
saving regular or erasing outdated information, data accessing as often as desired or listing the content
partly or fully.
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The File command from the SPSS menu includes most of the options (New, Open, Save, Save As, Print
etc.), to manage a SPSS file, anda user, even as an amateur can orient quickly because the name and
structure of commands respects the standard template used in many computer products.

When creating an SPSS file, the following informations are used: the number and the name of the variables
analyzed, and mainly, for each variable shall be fixed uploaded data type (numeric etc.), the maximum
number of characters in a value, the maximum number of places in the case when the value is real or a
summary of its attributes.

The update operation of an SPSS file implies actions to change the value of a measured variable or of a
incorrect typeing, to erase variables (columns), to order on the levels of data contained in a variable, to
introduce new variable with the values of the level, to order increasing/decreasing data from a variable, to
select values of a variable after one or more criteria, to generate a variable with values calculated by
Transform and Compute Variables command, to insert a new variable with the Edit and Insert Variable,
up to rename a variable or to generate a new one.

In an interactive manner involving the Help system and adapted to the context errors to a standardized
management system windows, menus, and SPSS files allow a fast and efficient work with many facilities.

STATISTICAL TECHNIQUES IN ANALYSIS OF THE LINK BETWEEN TWO OR MORE VARIABLES

According to the user requirements, with the SPSS program, in the Viewer window, it can solve graphic
representations by different types, used in the descriptive statistics, the compuation linked to the statistical
indicators of the central tendency and dispersal, the testing of some statistical hypothesis, the computation of
the confidence intervals or complex problems of dispersal analysis with two or more variables related to the
inferential statistics.
Through Graphs command and Legacy dialogs option [5-6], it can be represented the distribution of
absolute, relative or cumulative frequencies as histogram with vertical or horizontal bars, line chart,
histogram bars and the theoretical curve of normal distribution, the circular diagram for cumulative
frequencies, scatergrama (cloud of points) to determin the correlation between two variables or vertical bar
chart, separated on different levels.
With the Editor Chart, a graphical representation it can retouch using different shadings and colors for both
the figure and background, continuous or discsontinuous lines with different patterns of interruption, broken
lines, colored or bold as axes, networks horizontal or vertical lines, various titles for the graph name and
desired colors as labels with text both inside and outside the graph.
The option of measure of the central tendency (average, minimum, maximum, median) or dispersion
(variace, standard deviation, quartile, squeness or kurtosis coefficent) indicators is obtained with the
Analyze command and the Descriptive Statistics and Descriptives/Frequencies options.
To test an average value, with the standard deviation known or not, using the t test, with a default value or
significance level is activated the Compare Mean option from Analyze command.
The Linear Regression option allows analysis of bivariate linear regression and by subsequent application,
easy to follow in tables and graphs, provide information regarding:

- unstandardized and standardized coefficients of the regression equation;

- Pearson's regression coefficient (R) and the coefficient of determination;

- the confidence intervals of the unstandardized coefficients with a significance level of 0.05;

- statistical indicators of central tendency and dispersal;

- various graphics.
In a similar manner, were obtained tables with descriptive statistics and with results found relating to analysis
of variance, in the case of such a request.
The results file (the output) can be kept, saved in files with the extension spo, modified, printed or
transferred to a Word document.

HYGROSCOPICITY ANALYSIS OF YARNS FROM FLAX AND HEMP USING LINEAR REGRESSION

It is recognized that a linear model is described mathematically by the regression bivariate equation with the
following form:
Y=a+bX (1)

where:

a is constant of the regression,

b - regression coefficient,

Y - dependent variable,

X - independent variable.
The formulas used in the SPSS program for finding the regression parameters are well known in statistics,
namely:
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where n is volume of the sample studied, while the sums refers to the measured values of the two variables.

The Pearson's R coefficient that measures the strength of correlation between the studied variables is

calculated as follows:
nzxiymi _zxizymi
R = i=1 i=1 i=1 (4)

J(nixf ~ )T = (F )

where:

Y is dependent variable measured.
The parameter d = R? is the coefficient of the bivariate determination, which describes how much of the total
variance of the variable y,, is due to the influence of independent variable. The rest up to 100% may be
assigned of influence of other variables.
With Student test checks the significance of the coefficient r in the reference population:

t=R , with = n -2 degrees of freedom (5)

- R?
In hygroscopicity analysis of the bast yarns using linear regression, the dependent variable Y is mass of the
sample after wetting one minute, five minutes or ten minutes, and the independent variable X is mass of
sample in dry stage. Exemplifications of features of the SPSS software refers to: hemp yarns: 40 tex, 55.5
tex and flax yarn 50 tex.

Table 1 shows the regression equations obtained on experimental data. These equations approximates the
phenomenon of the water absorption depending on the wetting duration.

Table 1: Resulted Equations of the tested hemp yarns 40 tex, 55.5 tex and flax yarn 50 tex

Type | Wetting Equations Coefficients
of duration R-Corelation R Square | Student test Fisher-Snedecor
yarns coef. Determinatior value, t F
coef. for X coefficienf 1 and 8 degree of
freedom, 95%
confidence interval
Hemp Tmin | (1):Y = 0.631 0.398 2.3 5.292
yarn 3.581X-0.072
40 tex
Hemp 5 min | (2): Y= 3.069X- 0.779 0.607 3.515 12.358
yarn 55.5 0.041
tex
Flax yarr 10 min| (3): Y=2.752X- 0.765 0.585 3.356 11.263
50 tex 0.014

F=5.32 for 1 and 8 degree of freedom and 95% confidence interval [7].
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For every regression equation obtained with the SPSS software the analysis was performed by showing
statistical data in tables, as follows:

For the regression equation (1): Y = 3.581X -0.072 (1 minute wetting time) were obtained: statistical data in
Table 2, Table 3, Table 4, Table 5.

Table 2 shows the independent variable X (as the dry mass of the sample) and the working method - of the
smallest squares.

Table 2: Variables Entered/Removed®

Model Variables Entered Variables Method
Removed
1 X- dry mass of Y-mass of the The
the hemp yarn 40 | hemp yarn 40 tex smallest
tex? after 1 minute squares
wetting.

a. All requested variables entered.
b. Dependent Variable: Y

In Table 3 are specified the values of the correlation coefficient of Pearson's R, which is 0.631 and measures
the correlation between the variables studied, respectively the connection is strong and positive.

Table 3: Model Summary

Model R R Square Adjusted R Std.Error of
Square the Estimate
1 0.631° 0.398 0.323 0.00870801

a. Predictors: (Constant), X—dry mass of the hemp yarn 40 tex.

The coefficient of determination (R?) is 0.398 and reflects that the almost 40% of the total variance of the
measured values for the dependent variable (mass of sample after one minute wetting) is due to the
influence of the independent variable. This coefficient reflects the predictive power of the studied model.
Namely the change of the determination coefficient is not significant when other variables are added in the
model. The value of over 5.292 of the test Fisher—-Snedecor (see Table 4) as compared to the tabulated
value Ft = 5.32 for the same degrees of freedom (df1=1, df2=8) and the same statistical certainty (95%), [7],
reflects that the equation (1) no expresses satisfactorily the process.

In Table 4 are specified the components of dispersion ANOVA analysis, the variation of the dependent
variable due to the independent variable, the residual variation due to the influence of other variables and all
their residual amount which is the sum of squared the differences between the values measured of the
dependent variable and its values computed with the equation of regression.

Table 4: ANOVA®

Model Sum of df Mean F Sig.
Squares Square
1 0.000 1 0.000 5.292 0.050°
Regression 0.001 8 0.000
Residual 0.001 9
Total

a. Predictors: (Constant), X—dry mass of the hemp yarn 40 tex.
b. Dependent Variable: Y-mass of the hemp yarn 40 tex after 1 minute wetting.

Scatergrama in Figure 1 shows the graph of the cumulated probabilities of the standardized residuals, where

the points distributed over the line have the tendency to overstate the reality, and those below the line under
estimated it.
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Figure 1: Scatergrama for regression equation (1).

For the regression equation (2): Y= 3.069X-0.041 (hemp yarn 55.5 tex after 5 minutes wetting) the following
data was obtained:

Table 5: Model Summary

Model R R Square | Adjusted R Square Std.Error of the Estimate
1 0.779° 0.607 0.558 0.02098658
a. Predictors: (Constant), X—dry mass of the hemp yarn 55.5 tex.
Table 6: ANOVA®
Model Sum of Squares | df | Mean Square F Sig.
Regression 0.005 1 0.005 12.358 0.008°
Residual 0.004 8 0.000
Total 0.009 9

a. Predictors: (Constant), X—dry mass of the hemp yarn 55.5 tex.
b. Dependent Variable: Y-mass of the hemp yarn 55.5 tex after 5 minutes wetting.

Table 7: Coefficients?

Model Unstandardized | Standardized 95.0% Conffidence Interval for B
Coefficients Coefficients t Sig.
B Std. Beta Lower Bound Upper Bound
Error

1 (Constant) | -0.041 | 0.064 -0.645 | 0.537 -0.189 0.106

X-dry mass 3.069 0.873 0.779 3.515 | 0.008 1.056 5.082

of the hemp

yarn 55.5 tex

a. Dependent Variable: Y-mass of the hemp yarn 55.5 tex after 5 minutes wetting.
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X - dry mass of the hemp yarn 55.5 tex
Figure 2: Scatergrama for regression equation (2).

Data analysis in Tables 5, 6, 7 has concluded that equation (2) expresses correspondingly the connection
between mass of the yarn 55.5 tex in the dry state and after 5 minutes wetting because the calculated
values of tests Fisher—-Snedecor and Student exceed the tabulated values for the same degrees of freedom
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(1 and 8). Scatergrama in Figure 2 shows the graph of the cumulated probabilities of the standardized
residuals, so that, the points distributed over the line have the tendency to overstate the reality, and those
below the line under estimated it.

In case of the comparatively analysis of sorption process [8] for the proposed yarns from flax and hemp (see
Table 1), regression equations (2) and (3) corresponding of the stationary interval in water of 5 or 10 minutes
are adequate, because the value of the Fisher—-Snedecor test calculated, in both of cases, is higher than the
F. value listed for the same degrees of freedom, and a statistic confidence of 95%, see Table 1.

CONCLUSIONS

In an interactive manner SPSS files allow a fast and efficient work with many facilities.

The thin yarn of hemp, 40 tex, being more compact due to the twist, water absorption is difficult to the
moistening of only one minute. The regression equations (1) no expresses satisfactorily the process because
the influence of other factors than the dry weight of yarn exceeds 60%.

For flax and hemp yarns of 50 and 55.5 tex the water content increases proportionally with the dry weight of
yarn. The regression equations (2) and (3) corresponding of the stationary interval in water of 5 or 10
minutes are adequate.

Regression parameters established with SPSS software permits mathematical modeling of practical
processes.
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THERMOPHYSIOLOGICAL COMFORT PROPERTIES OF
SPORTSWEAR PRODUCED FROM ADVANTAGEOUS
FIBER TYPES AND FABRIC STRUCTURES

Eren ONER and Ayse OKUR

Dokuz Eylul University, Faculty of Engineering, Department of Textile Engineering, Izmir, Turkey

Abstract: The aim of the study is to determine thermophysiological comfort properties of 12 different fabric
types produced taking into account fiber types and fabric structures, which were determined to be
advantageous in previous studies, and to design different T-shirts using these fabric types for active sports.

Keywords: comfort, sportswear, moisture management, thermal resistance, water vapor resistance.

INTRODUCTION

Thermal comfort is a concept related to the heat and moisture transfer properties of the garments necessary
for protecting heat balance of the body at different activity levels [1]. Depending on such environmental
factors as heat, moisture and air velocity, it is expressed by senses such as hot, cold, dry and wet after
contact with the cloth [2]. It consists of the combination of clothing, environment and the physical activity
level [3]. Many processes from the properties of the textile material to the procedures it undergoes are
effective in the comfort attainment of human body which is in contact with garment. Fiber properties, the
structural parameters of yarn and fabric, finishing treatments and clothing design characteristics are quite
important for the thermophysiological comfort. Many researchers examined the effects of fiber properties,
fabric construction and clothing design on the thermal comfort properties in their theoretical and applied
researches [4-10].

The aim of the study is to determine thermophysiological comfort properties of 12 different fabric types
produced taking into account fiber types and fabric structures, which were determined to be advantageous in
previous studies, and to design different T-shirts using these fabric types for active sports.

EXPERIMENTAL

In this study, it was planned to evaluate the thermal comfort properties of fabrics in five stages. These stages
are as follows;

I- Determination of the outstanding fabric structure with evaluation of comfort properties of the knitted fabrics
having different fabric structures and same fiber type,

[I- Determination of the outstanding fiber type with evaluation of comfort properties of the knitted fabrics
having same fabric structure and different fiber types,

[lI- Selection of the advantageous fiber types and fabric structures taking into account the results of | and Il
stages, and measurements of thermophysiological comfort properties of these fabrics,

IV- Design of T-shirts combined by the fabrics selected with the help of the results of stage IIl.
In the stage |, the results of Oner and Okur (2013) have been taken into account. Oner and Okur (2013)
have determined advantageous fabric structures in terms of wetness comfort by measuring the liquid

moisture transport properties of knitted fabrics with different plain, tuck and float stitches combinations in
three different tightness levels [11]. The fabric structures selected for this study are given in Figure 1.
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Figure 1: (a) Knitted fabric structure with tuck stitches, (b) Knitted fabric structure with float stitches

In the stage I, the results of the study conducted by Oner et al. (2013) have been considered. They have
investigated transfer properties of knitted fabrics having 1x1 rib knitted structure were systematically
produced from 20 tex yarns made of natural, regenerated cellulosic, synthetic and functional fibers.
According to this study it has been determined that polyester fabrics, cotton/Coolmax fabrics and
regenerated fabrics, such as viscose and Tencel, have shown outstanding comfort performance [12].

In the stage lll, the fabric types were determined according to the results of first two stages. Knitted fabrics,
which have two different fabric structures and six different fiber types, were produced from 20 tex ring spun
yarns. All fabrics were knitted on Mayer&Cie Relanit 3.2 Il circular knitting machine with 30 inches in
diameter, 18 E and 62 feeders at constant machine settings and at the same tension. The physical and
structural properties of the produced fabrics, which were measured in accordance with the related standards,
are presented in Table 1.

Table 1: The properties of the fabrics

Sgggj%le Knitting Type Fiber type mizz‘g Thzﬁm(;ss Cc;lé[ﬁes V\//gﬁs Iléggfh
(g/m’) (mm)

1.1 Structure with tuck stitches | 100% Cotton 134.75 0.80 11 11 3.03
1.2 Structure with tuck stitches | 100% Viscose 150.45 0.88 13 11 3.12
1.3 Structure with tuck stitches | 100% Tencel LF 153.26 0.87 12 10 3.32
1.4 Structure with tuck stitches | 100% Soybean 158.95 0.89 12 10 3.20
1.5 Structure with tuck stitches | 50-50% Cotton/Coolmax 164.92 0.94 12 11 3.38
1.6 Structure with tuck stitches | 100% Polyester 157.18 0.93 12 11 3.22
21 Structure with float stitches | 100% Cotton 148.17 0.65 26 14 2.29
2.2 Structure with float stitches | 100% Viscose 188.53 0.69 24 15 2.74
23 Structure with float stitches | 100% Tencel LF 191.44 0.70 23 15 2.72
24 Structure with float stitches | 100% Soybean 197.53 0.74 23 16 2.73
25 Structure with float stitches | 50-50% Cotton/Coolmax 196.19 0.81 24 16 2.71
2.6 Structure with float stitches | 100% Polyester 197.88 0.75 24 16 2.77

All fabrics were conditioned for 24 hours at standard atmospheric conditions (20 £ 2°C, 65 + 2% RH) before
the tests. In order to determine the thermal comfort properties of the produced fabrics, the air permeability,
wicking, moisture management, thermal and water vapor resistance of the fabrics were measured. Air
permeability tests were performed with Textest FX 3300 Air Permeability Tester. Wicking (Velocity of suction
of textile fabrics in respect of water) behavior of fabrics were measured in accordance with DIN 53924. The
evaluation of moisture management properties of the fabrics was made by Moisture Management Tester —
MMT. The thermal resistance (Rct) and water vapor resistance (Ret) measurements of the fabrics were
made at M259B Sweating Guarded Hotplate. According to the experiment plan, air permeability, wicking,
moisture management, thermal and water vapor resistance of fabrics were measured and the obtained
results were evaluated in 95% confidence interval (0=0.05) by using SPSS 19.0.

According to previous measurement results and literature about human thermophysiology, different T-shirts
have been designed stage IV.
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RESULTS AND DISCUSSION
Air permeability measurements

Air permeability is the capacity of the air to pass through fibers, yarns and fabric structure. It is a usage
feature about keeping the air passing through body or transferring it outwards. The air permeability of
garments is affected by the fiber and yarn structure, fabric construction and finishing treatments. It is an
important property that affects thermal comfort as well as its related to fabric porosity and breathability. The
measurement results of air permeability are given in Figure 2.
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Figure 2: Results of air permeability of the fabrics

When the measurement results of air permeability were examined, the difference between fabric structures
takes attention. All of tuck structures have higher air permeability values compared to knitting structures with
float stitches. Low tightness level and the tucks in the structure cause the formation of bigger pores, and this
situation provides that the passing air amount is higher. When the effect of fiber types is considered, it is
seen that regenerated cellulose fibers have the highest air permeability values. Low air permeability values
are determined in cotton/Coolmax blends and cotton fabrics. It is thought that this condition is due to the
natural hairy structure of cotton yarns.

Wicking measurements

One of the most important properties of fabric, for the absorption of a liquid from skin and spreading into a
large area, is wicking. Even though it is known as vertical absorption, a layer which reaches satisfaction in a
sample, the bottom end of which is immersed into the liquid, makes liquid transport to an upper layer in this
test method. For this reason, the capillary behavior of fabric determined the transport capacity with capillary
forces. The results of measurement made on the fabric samples prepared in the Wales direction for 3, 10, 30
3and 60 minutes, respectively, are shown in Figure 3.
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Figure 3: Vertical wicking curves for fabrics
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When the test results are examined, it takes attention that fiber type is important in determining the wicking
capacity of fabrics. It is seen that cotton fabrics take lower values compared to all other fabrics. Even though
float structures take a little higher values compared to tuck structures, it is seen that fiber characteristics
determine wicking behavior. It is determined that cotton/Coolmax blends have the highest capillary liquid
transport capacity for both knitting types. Polyester fabrics take place after them. It is seen that synthetic
fibers and their blends have wicking heights at higher levels compared to others and that this does not
change throughout the measurement time. Among regenerated fibers, it is observed that soybean fibers,
which are regenerated protein fibers, have higher wicking capacity especially for float structures compared to
regenerated cellulose fabrics.

Moisture management measurements

MMT equipment gives many measurement parameters related to moisture management properties of the
fabrics. Among these parameters, AOTlI and OMMC are more important in terms of making a general
evaluation on liquid management performance of fabrics. OMMC shows overall management performance of
liquid moisture in fabric and the higher this value is, the better liquid transport performance of fabric is. On
the other hand, AOTI is a value that shows cumulative moisture amount difference between two surfaces of
the fabric. As AOTI value increases in a positive direction, the transfer of liquid from skin to environment will
be that easy and fast. Negative or low AOTI values show that fabric soaks fast and removes liquid late. AOTI
and OMMC measurement results of fabrics are presented in Figure 4.
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Figure 4: (a) Results of AOTI of the fabrics, (b) Results of OMMC of the fabrics

When AQOTI values are examined, it is seen that float structures have generally higher values compared to
tuck structures. It is observed that polyester fabrics have the highest values for both knitting types and that
cotton/Coolmax fabrics follow them. While regenerated fabrics generally get low values, soybean fabrics
have the lowest value among fabrics structure with float stitches. It is understood that polyester fabrics and
the blend of cotton and Coolmax, which is a modified polyester fiber that is advantageous in moisture
transfer with its capillary section structure, transfer liquid from one side of fabric to its other side fast.

OMMC values vary between 0.66 and 0.91. This condition shows that it is determined by high liquid moisture
management capacity in terms of all fabrics. It is seen that float structures have higher values and that
especially polyester and cotton/Coolmax fabrics with float stitches have a very good liquid moisture
management capacity.

Thermal resistance measurements

The most important parameter taken into consideration in the thermal comfort of garments is thermal
resistance which is the resistance of fabrics against heat flow. As the thermal resistance value of fabric
increases, heat transfer from human body to environment decreases and the temperature in the
microclimate increases. The results of thermal resistance measured in Sweating Guarded Hot Plate
equipment are shown in Figure 5.

When thermal resistance results are examined it is seen that fabrics with float structure have lower thermal
resistance values than those with tuck structure. Cotton fabrics take the lowest thermal resistance values in
both knitting types. It is thought that this condition results from the fact that cotton fabrics have the lowest
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thickness and mass per unit area values. It takes attention that the highest thermal resistance values are
determined in polyester fabrics. Among regenerated fabrics, soybean fabrics have the highest thermal
resistance especially in tuck structures.
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Figure 5: Results of thermal resistance of the fabrics
Water vapor resistance measurements
In the most general sense, water vapor resistance is the endurance that fabric shows against the flow of

water vapor. As water vapor resistance of fabrics increases, the transfer of sweat from human body to
environment decreases. The measurement results of water vapor resistance are illustrated in Figure 6.
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Figure 6: Results of water vapor resistance of the fabrics

As seen in Figure 6, it is determined that knitted structures with tuck stitches have higher water vapor
resistance values compared to float structures and that polyester fabrics have the highest water vapor
resistance. It is remarkable to see that polyester and cotton/Coolmax fabrics, which come into prominence in
terms of liquid moisture transfer, have low water vapor permeability.

T-shirt design

Considering thermophysiological structure of the human body; the regions of the body which can sweat more
and the parts which can be formed airflow were determined in light of literatures [13-5] .On the basis of the
results obtained in this investigation and taken into consideration thermal behavior of human body, four
woman and five man T-shirt designs were determined. The T-shirts were designed to have air channel,
which is knitted fabric structure with tuck stitches, and have sweat absorbing surface, which is knitted fabric
structure with float stitches. In order to improve ventilate cooling; T-shirts designs have tuck structure fabrics
at the back and underarm areas. With the use of float structure fabrics at the base of T-shirts, the sweat can
be transported from the body to environment easily. According to the objective measurement results it can
be stated that; polyester and cotton/Coolmax fabrics with float structure, which have good liquid moisture
transfer properties, and viscose and Tencel LF fabrics with tuck structure, which have high air permeability
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and low water vapor resistance, can be used in related areas of the T-shirts. Figure 7 shows the T-shirt
designs determined in the study.

HEIRvEE
& iR

Figure 7: The t-shirt designs determined in the study

CONCLUSIONS

In this study, air permeability, thermal and water vapor resistance, multi-dimensional liquid transmission of
the fabrics which have been different fiber types and different fabric structures, have been measured and
these results have been compared. From the results obtained it can be concluded that polyester and
cotton/Coolmax fabrics with float structure have good liquid moisture transfer properties and that
cotton/Coolmax fabrics will be advantageous in removing liquid sweat from body when it is considered that
they will show natural hand and that they have very high capillary absorption characteristics. In the
comparison of regenerated fabrics, it is determined that regenerated protein soybean fabrics can be effective
in cold weather conditions with their high thermal resistance and good capillary absorption capacities but that
they do not have any significant superiority for sports wearing at hot weather. When high air permeability and
low water vapor resistance values of Viscose and Tencel LF fibers in their use in tuck structures are
considered, it is thought that this will provide certain advantages for breathable fabric design.

As a future work, based on the results obtained, sportswear garments can be produced using advantageous
fabrics and their performance studied with wear trials further.
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INVESTIGATION OF AIR PERMEABILITY OF NEW GENERATION
FLEECE FABRICS IN DRY AND WET STATE
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Abstract: In recent time fleece fabrics are being increasingly used for insulating layer in three-layer system
of thermoactive clothing. This type of clothing should insure the thermal comfort in all weather conditions and
regardless of the activity of wearer. Air permeability is the one of the feature which influence on thermal
comfort of garments. Clothing often is getting wet (sweat, humid environment) which can significantly affect
the thermal properties, while most of the testing methods performs measurements only in the dry state.
Therefore, in the paper were presented the investigation of air permeability in dry, normal and wet state of
the different kinds of fleece fabrics. Furthermore, the water absorption of the tested fleeces has been also
determined. The presented researches proved that wet clothing significant loses thermal comfort. This
phenomenon is exacerbated with increasing moisture content of material and depends on the structure and
the filling of test materials.

Keywords: thermal comfort, air permeability, wet state, fleece fabrics

INTRODUCTION

In last decades, increased attention is paid to comfort properties of textiles and garments. Nowadays, well-
being and a high level of comfort is the exponent of good quality thermoactive clothing. This fact should not
be surprising since it is well known the strong relation between the comfort properties of garment and human
sensations. Comfort is defined as “the absence of displeasure or discomfort” or “a neutral state compared to
the more active state of pleasure” [1]. There is general agreement that the transfer of heat, moisture and air
through the fabric are the major factors of thermal comfort. Many authors have pointed out that the major
factors influencing heat transfer through a fabric are the thickness and enclosed air. A decrease in thickness
of fabric, together with a corresponding decrease of fabric volume, is generally followed by decrease of air
entrapped in fabric structure changing the thermal properties of the fabric [2-4]. Also Obendorf et al. [5]
mentioned that the heat resistance increase with the increase of material thickness while thermal insulation
increases the density of fabric decreases. Frydrych et al. [6] investigated the influence of fibre morphology,
yarn and fabric structures on thermal properties. They found that the high thermal properties of garment can
be obtained not only by choice of thickness but also by applying appropriate weaves and appropriate
finishing process. Moreover, it was noted that the type of raw materials influences some fabric properties
characterizing their thermal and utility comfort. However, all of these and similar publications analyse the
phenomenon of thermal comfort, when the research material is in a dry state. Contrary to a commonly
accepted theories garments, due to sweat sorption or because of humid, rainy climate are often used in wet
state, which has influence on their comfort properties. Thus, the final thermo-physiological comfort is given
by two principal components: thermal resistance in wet state and the active cooling resulting from the
moisture evaporation from the skin and passing through the garment and from direct evaporation of sweat
from the fabric surface. Currently only few publications [7-11] took the fact of wet fabric into consideration.
This follows from the fact that current measuring instruments for the evaluation of these fabric properties
usually require more than 30 minutes for full reading, thus avoiding the precise determination of fabrics
humidity effect on their thermal resistance and cooling heat flow, due to humidity decrease during the
measurement.

Fleece fabrics, called "polar" are the materials that have been used mainly as a heat-insulating layer of

three layers of sportswear. They can also be used for underwear thermoactive (the first layer), or for the
outer layer (the third layer) — see Figure 1. There are also as "stand alone device" which plays the role of all
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three layers together. Because, for reasons of its properties ensure proper breathability, sweat discharge,
are warming, and a barrier against external environment for humans [12].

/’ | layer — proper microclimate
Il layer — thermal isolation
o 1l layer — barrier

moisture
The moisture from the skin is
passed through successive
layers of clothing on the
outside

Figure 1: Diagram illustrating the three-layer clothing system [12]

The first fleece fabrics were developed about 20 years ago. The goal for the producers of these materials
was to create brand textiles with modern features and universal application. Inspiring the structure of the fur
of the polar bear has become the basis for a fleece. Output element was to make synthetic fur bear of hair-
like tubules. This is where the air is accumulated to allow the formation of the heat insulating layer. Sweat
that is excreted by the body is free to evaporate from the fabric. According to the manufacturers and several
publications [13 -15]) Fleece does not absorb moisture, because polyester has hydrophobic properties (fully
submerged can absorb water at less than 1% by weight). Additional advantage is that the fleece fabrics (in
dry state) are very light. This knitwear has better thermal properties than made from natural fibers, does not
absorb odors, does not wrinkle, do not change the appearance after washing and is highly resistant to wear
[13]. By mapping the above structure can achieve the ideal protection from external factors, and obtain a
highly comfortable sportswear. The fleece material is distinguished by a three-layer structure: outer layer -
against cold, draft shield, breathable, resistant to pilling; intermediate layer - insulating and reinforcement; an
inner layer - expels moisture from outside [15]. By using various structure of the individual layers is achieved
different biophysical and thermal insulation properties (Figure 2).

Polartec® Power Dry®

1. Excellent air permeability and water vapor .

2. Desorption of the second layer of moisture sorption
material (polyester) .

3. Layer conduction - diffusion material - moisture
transport (polypropylene) .

4. Moisture sorption of the surface of the skin of the
user.

Figure 2: The principle of Polartec ® PowerDry ® [14].

In the paper were presented the investigation of air permeability in dry, normal and wet state of the different
kinds of fleece fabrics. The new methodology of air permeability measurement will be designed to analyse
fabrics in wet state. The investigation proved that wet clothing significant loses thermal comfort compared to
dry clothes. This phenomenon is exacerbated with increasing moisture content of material and depends on
the structure and the density of tested materials. Furthermore, the water absorption of the tested fleeces has

163



||I A
CORTEP 15™ Romanian Textiles and Leather Conference — CORTEP 2014

7| 2014

- 4 - 6 September 2014, Poiana Brasov, Romania

been also determined. These research also show that, the generally considered fleeces as dry materials, in
fact, because of the knitted structure, characterized by a high degree of water absorption.

EXPERIMENTAL MATERIAL

In the research the 6 different fleece fabric have been tested. The characteristic of the fabrics shown the
Table 1. They were measured in a laboratory with the temperature of 21-23 °C and 50-55% relative humidity

Table 1: Characteristic of fleece fabrics.

No Name of fleece fabric Raw material We'g';‘t' iS5, | ROy, Application
g/m mm g/lcm
1 Polartec®100 Micro® 100% polyester | 160 270 | 592102 |  underwear,
insulation layer
2 | Polartec®ThermalPro® (1) | 100% polyester 250 4,14 6,03:10° insulation layer
3 | Polartec®ThermalPro® (2) | 100% polyester 290 4,63 6,26:10° insulation layer
4 Tecnopile® 100% polyester 340 4,35 7,82:107 insulation layer
0,
5 |  Polartec®Windblock® | SO/ Polyester | 45, 351 | 9,12:107 outer layer
25% polyureth.
42% polyamide
0,
6 Soft Shell® 39% polyester | g, 326 | 858107 outer layer
10% elastin
9% polyureth.

Experimental material was obtained from the Laboratory Mountaineering Equipment Adam Malachowski, the
manufacturer of high performance thermoactive sportswear.

EXPERIMENTAL METHODOLOGY

Air permeability is a hygienic property of textiles which influences the flow of gas from the human body to the
environment and the flow of fresh air to the body. Air permeability depends on fabric porosity, which means
the number of canals in the textile fabric, its cross-section and shape. Thermal properties are essentially
influenced by air permeability. Air permeability is defined by the equation [16]:

¥
= Frap) [mm/s] (1)

where:
V - capacity of the flowing medium,
F - the area through which the medium is flowing,
- time of flow,
p - drop in pressure of the medium

Air permeability values were obtained by using FX 3300 Labotester Il firmy Textest AG according to
according to Polish Standard PN- EN ISO 9237:1998. Its principle depends in the measurement of air flow
passing through the fabric at certain pressure gradient Ap. Air permeability of fleece fabrics was determined
in the three state:

1. dry state - after drying samples in the temperature 60 C during 60 min to get rid of all moisture;

2. normal state — the samples were acclimated in a normal climate for 24 hours;

3. wet state — the samples were soaked in a water bath at 21-23 °C with a wetting agent to lower the
surface tension, to increase their moisture.and drying several times in order to reach different
moisture content. The moisture content U of the samples was determined by weight, according to
the equation:
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where:

U — moisture content, %
m,,— weight of wet sample, g
my— weight of dry sample, g

Water absorption is a quotient of the weight of water absorbed by the acclimated sample after immersing in
water for a specified time to the surface of the sample (g/m2). Determining water absorption was carried out
in accordance with Polish Standard PN- 72/P- 04734 [17].

During the tests specified:

1. Relative water absorption Ww, according to the equation:

ww="w"™a 100% (3)
m

a

where:
m,, — weight of wet samples, g;
m, — weight of acclimated samples, g

2. Absolute water absorption Wb, according to the equation:

Ww-mg
100

Wb = ,g/m’ (4)

where:
Ww - relative water absorption, %;
ms — square mass of fabric, g/m2

RESULTS AND DISCUSSION

The results of reserch of air permeability in dry and normal states are displayed in Figure 3 and 4. From the
obtained result can be observed that for the tested fleece fabrics there were differences in the values of air
permeability depending on raw materials, structure, weight as well as density, in both dry and wet state. The
highest value was characterized Polartec®100 Micro®, which is often used for the first layer — underwear.
While the lowest values were characterized by a fleece of groups dedicated to outerwear. As can see,
Polartec®Windblock® and Soft Shell® constitute a real barrier to the external environment. Comparing the
results of air permeability investigation in dry and normal conditions can register that even a small increase
in moisture content of samples decreases slightly this feature. Only in case of sample 4 and 5 can be
observed a small increase in value, which may be dictated by the change in the structure of knitted as a
result of the drying process (different arrangement of fibres in the yarn).

Air permeability of samples in dry state Air permeability of samples in normal state
1440 -
@ 1600 1123 1600 171378
£ 1200 1 220 21200 A 992
< p. = I E 681
1 326
400 1 274 825 400 A
— — 2.95
D T T T T T T 0 r r r r -I -I
1 2 3 4 5 6 1 2 3 4 5 6
Kind of fleece fabrics Kind of fleece fabrics
Figure 3: Air permeability of fleece fabrics in dry Figure 4: Air permeability of fleece fabrics in wet
state. state.
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From Figure 5 and 6 follow, that with increasing the percentage of moisture in the fabric decreasing the air
permeability. For all tested fabrics the relationship between air permeability and moisture content of samples
had linear character. However, they differed in the value and speed of reduction of this feature, which is
illustrated by varying degree of slope of the trend lines. The decrease in air permeability values reached a
size ranging from 15 to 60%, which in the case of insulating materials and underwear is very disturbing
phenomenon. The study also showed that the air permeability in dry state depends on the density of the
tested materials (Figure 5). Together with density of fleece fabric increased the air permeability decreased.
This relationship was a polynomial function of the square.

2,000 @ Polartec®100 10
Micro® - ePclarte-®
y=-0.0266x+8.0549
1500 y= -1.4441x + 1396.9 @ Eolg‘tec@Thermal 8 ‘*"--&.,___ Rz =0.0485 Wvinchlock
. o o RE=D0.9197 re y A Scft sShall
" oo g ® Polartec®T hermal ” 5
£ 1000 & y=3.5652x + 10561 _Fro®2 € ©
; y= -3¢ 056. _ =
ELEE e femns M= Chisis e E y = -0.0087x + 2.8896
= Bom g " e < R?= 0.8925
500 R s y = -1.7796x + 695.06 %0, .
oo R>= 0.9257 2 )
® -0 oy  y=-2276x+33187
0 R:=0.9839 0
0 40 80 120 180 0 20 40 60 80 100
U, % U, %
Figure 3: The dependence of air permeability Figure 4: The dependence of air permeability
on moisture content of tested samples on moisture content of tested samples
(Sample from 1 to 4) (Sample 5 and 6)
1,600
1,200 y = 110.66x2- 2015.9x + 9198.1
® R2=0.9134
£ 800
«
400
0
5 6 7 8 9 10
Density of fabrics, 102 g/cm?

Figure 5: The relationship of air permeability and density of tested fleece fabrics.

In the case of water absorption tests, it was observed that although the fleece materials are considered as a
dry (contain of hydrophobic fibres), at a time when they became wet, they absorb a fairly large quantity of
water (Figure 6 and 7). In discussed research it was more than 70% to nearly 170%. This phenomenon was
caused by a porous, knitted structure and the presence of capillary effect.

Relative water absorption of samples Absolute water absorption of samples
200 17|157.8167.2 600 - 418.0
1 12 3 303.6
B £ 400 - 259.6 :
g'»l 00 1 b8 723 %-, 2458 2024
I I I S 200 1]
0 0
1 2 3 4 5 6
Klnd of ﬂeece fabncs Kind of fleece fabrics

Figure 6: Relative water absorption of fleece fabrics.  Figure 7: Absolute water absorption of fleece fabrics
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Also in this study, a fabric density play an important role (Figure 8). Together with increasing of density of
fleece fabric the ability to absorb water decreased. This relationship, just as it was in case of air permeability,
was a function of a polynomial in the second power, but with less correlation.

200
y=11.677x%-200.06x +931.3
150 R2=0.8846
R
é’ 100
50
0
5 6 7 8 9 10
Density of fabrics, 10 g/cm?®

Figure 8: The relationship of relative water absorption and density of tested fleece fabrics.
CONCLUSION

From the presented researches follows, that with increasing moisture content in fleece fabrics significantly
worsen their air permeability, which can cause drastic changes in the thermal comfort of the user. These
changes are in the range of 20% to even 60%, depending on the kind of fleeces, their structure, weight as
well as density of fabrics. The phenomenon of deterioration of the air permeability is caused by substituting
of the air in pores by water. The liquid water in wet fabric structure creates the partially continuous film,
which limited the transfer of air, as well as reduced thermal comfort because water has much higher thermal
conductivity than air. Also deserve attention results of water absorption test. Fleeces, which are treated as a
dry garments, due to their hydrophobic raw material, in fact, after dipping absorb a very large amount of
water. Depending on the structure (in particular the density) the absorptivity was from 70% to 170% relative
to the dry weight of the fabrics. This causes, at the first, a significant increase in the weight, which for the
man who fall into the water in such garments is a very dangerous factor, and it may even cause drowning.
Secondly, as mentioned previously, water is characterized by a much greater thermal conductivity and,
therefore, wet clothing loses its insulation properties, which in the case of fleece clothing is a basic and
primary function. Therefore, the physiological properties of fabrics, which are becoming increasingly wet as a
result of use, are subjected to sudden changes, which adversely affects the quality of wearing apparel.
Knowledge of these phenomena is very important in clothing design and technology, especially sportswear,
which are often used in extreme weather conditions with high humidity.

Additionally, studies have shown that the FX 3300 Labotester Ill firmy Textest AG is suitable for the
investigation of air permeability of fabrics in wet state. The measurement time is short enough to preserve
the stability parameters of wet fabric, allowing for determination of effect of fabrics humidity on their air
permeability.
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MATHEMATICAL MODELING FOR THERMAL RESISTANCE CAPACITY
OF THE WOOL PANELS INTEGRATED IN CONSTRUCTION MODULE

Raluca Maria AILENI, Gheorghe Nicula and Lilioara SURDU
National Research & Development Institute for Textiles and Leather, Bucharest, Romania

Abstract: This paper presents mathematical modeling of thermal resistance for nonwoven panels, made

from wool fibers, by starting from main factors of variation (humidity, density and thickness of the panels).
The work is based on case study analyze for nonwoven wool panels with thickness variation between 20-40
millimeters. For achieving mathematical modeling we have started analyze from the coefficient of thermal
conductivity, which is indirect proportional to the thermal resistance.

The coefficient of thermal conductivity A is a basic thermo physics characteristic of each material and
depends, in the general case on the nature and state of the material, temperature and pressure. The thermal
conductivity of the material varies in direct proportion to the density and moisture (as the conductivity of the
water is considerably increased - by approximately 20 times - rather than that of air), so the nonwoven fabric
made from wool fibers insulate better if it is in a dry stage.

Keywords: mathematical, resistance, insulation, wool, modelling

INTRODUCTION

In the market there are already some products, made in New Zeeland, Ireland, and based on wool fibres for
thermal insulation made from natural fibers Ecowool and recycled Ecowool. Natural Ecowool insulation is
100% pure New Zealand fine, white wool. Recycled Ecowool is coloured wool sourced from New Zealand
woolen product manufacturers [1]. This products wool retains indoor air pollutants such as nitrogen dioxide,
and formaldehyde, which are emitted from gas stoves, heaters, and building materials [1]. In Ireland the
company Sheep Wool Insulation produces two products: Premium and Comfort for thermal insulation
applications in buildings [2]. These products are also suitable for reducing airborne sound transfer in building

2].

EXPERIMENTAL PART

The wool panels analyzed in this paper are produced in a national research project “Researches regarding
developing of new technical textile products with regenerate, wool and new fibers content” that is developed
in the National Research & Development Institute for Textiles and Leather.

The thermal conductivity A is materialized by the material’s ability to allow heat transfer between the panel
made of woven wool and environment. It varies from material to material and is also in close correlation with
the chemical and physical structure of materials.

Insulation made from wool panels is a "greenest" choice of any insulation product on the market. The wool
fibers are renewable and sustainable source of raw material.

The main objective of the mathematical modeling is to establish the behavior of the insulation panels with
variable thickness. The thermal conductivity of nonwovens wool panels, analyzed in this paper was
determined using the equipment "HEAT FLOW METER THERMAL CONDUCTIVITY INSTRUMENT, ANTER
CORPORATION, USA.

For 24 wool panels samples were measured thickness, mass and thermal conductivity (Table 2). Thermal
conductivity values were reading after 30 minutes. The thickness value was calculated like average, after
capture the 10 value of thickness per wool panel (Table 1). The wool panels analyzed don’t present
uniformity from view point of surface and voluminous aspects. This is relevant because were obtained
different thickness values per wool panel unit.

169



||I A
7| CORTEP 15™ Romanian Textiles and Leather Conference — CORTEP 2014

2014

- 4 - 6 September 2014, Poiana Brasov, Romania

Table 1 Thickness tests for wool panels for construction

Sample

No. i Test1 | Test2 | Test3 | Test4 | Test5 | Test6 | Test7 | Test8 | Test9 | Test 10
1 2.5 2.7 2.4 2.1 2.2 2.1 2.3 2.1 2.4 2.3
2 2.2 2.6 2.1 2.2 2.3 2.1 2.0 2.1 2.4 2.4
3 2.2 2.1 2.2 2.4 2.4 2.7 24 2.2 2.2 2.4
4 2.3 2.2 2.2 2.1 2.3 2.2 24 2.2 2.3 1.3
5 2.1 2.3 2.3 2.2 2.3 2.2 2.5 2.2 2.1 2.2
6 2.1 2.3 2.3 1.9 2.4 2.2 24 2.4 2.3 2.1
7 2.1 2.3 2.2 2.1 2.2 2.6 2.6 2.5 2.7 2.4
8 2.2 2.3 2.4 2.5 2.4 2.6 2.3 2.6 2.7 2.3
9 2.5 2.6 2.5 2.3 2.5 2.5 24 2.6 2.4 2.4
10 24 2.5 2.3 2.5 2.3 2.4 2.6 2.7 2.6 2.5
11 24 2.2 2.3 2.3 2.3 2.5 24 2.5 2.5 2.6
12 2.2 2.3 2.2 2.1 2.5 2.5 24 2.5 2.5 2.6
13 2.6 2.2 2.2 2.4 2.4 2.4 2.2 2.5 2.6 2.4
14 2.6 2.7 2.4 2.6 2.2 2.3 24 2.3 2.4 2.3
15 24 2.4 2.3 2.3 2.4 2.5 2.3 2.6 2.4 2.6
16 15 1.8 1.9 1.8 2.0 1.8 1.7 1.6 1.8 1.9
17 1.7 1.9 1.7 2.0 1.8 2.0 2.0 2.1 2.2 2.1
18 1.8 1.8 1.8 1.7 2.1 1.8 1.7 1.9 2.0 2.1
19 2.7 2.3 2.6 2.8 2.7 3.0 2.8 2.6 2.4 2.5
20 2.6 2.5 2.6 2.2 2.3 3.1 29 2.8 2.5 2.1
21 29 2.5 2.8 2.4 2.3 2.3 2.2 2.3 2.6 2.5
22 2.0 2.2 2.3 2.1 2.1 2.3 2.3 2.3 2.3 2.4
23 2.1 2.2 2.3 2.1 2.2 2.0 24 2.5 2.1 2.2
24 2.3 2.2 2.0 2.4 2.3 1.9 2.2 2.3 2.1 2.5

Table 2 Average values for thermal conductivity, mass and thickness - wool panels

Sample No. | Thickness [cm] | M25S [9] | Thermal conductivity [W/mK]
1 2.31 34.32 0.0591
2 2.24 34.85 0.063
3 2.32 35.676 0.0672
4 2.15 37.436 0.0661
5 2.24 31.503 0.0652
6 2.24 31.543 0.0585
7 2.37 37.33 0.0645
8 2.43 41.91 0.0782
9 247 42.333 0.0542
10 2.48 37.468 0.0725
11 2.4 33.974 0.0774
12 2.38 34.749 0.0604
13 2.39 40.044 0.0769
14 242 36.77 0.069
15 2.42 32.773 0.0652
16 1.78 29.14 0.0475
17 1.95 38.78 0.0535
18 1.87 34.3 0.0501
19 2.64 27.36 0.049
20 2.56 21.28 0.0569
21 2.48 25.32 0.0589
22 223 36.71 0.0645
23 2.21 32.07 0.0468
24 222 33.8 0.0454
AVERAGE 2.3 34.226 0.0612
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RESULTS AND DISCUSSIONS

From histogram- figure 1, regarding thickness values per wool panel unit can see that samples presents a
high nonuniformity due to the different voluminous areas and compression rate that is different on a wool
panel sample.
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Figure 1: Thickness values analyze- histogram

From thickness and thermal conductivity (figure 2) value can conclude that thermal conductivity is inverse
proportional with wool panel thickness. A thickness higher for wool panel means here that the 3D panel have
air interstationar in structure, this conducting to the increased voluminosity for panel.
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Figure 2: Thermal conductivity 3D representation for wool panels in function of thickness and mass per unit
values

From residuals values for thermal conductivity (figure 3) and contour analyze it can remark that don't exist
residuals values but the surface resulted don't respect a polynomial interpolation due to the high variability of
mass and thickness values. Because for mineral wool, thermal conductivity values are in interval 0.035
+0.045 W/mK and the values obtained for wool panels thermal conductivy are higher, this means that wool
panels don't have a high thermal resistance like mineral wool panels. Thermal resistance is directly
proportional with thickness and inverse proportional with thermal conductivity. In this case high values of
thermal conductivity for wool panels are conducting to lower values for thermal resiatnce.
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Figure 3: Residuals value for thermal conductivity
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Figure 4: Wool panels- thermal conductivity — contour analyze = f(mass, thickness)

By using experimental data and analyzes, we obtained the linear mathematical model for thermal
conductivity in function of thickness and mass values— described by next mathematical formula:

F(x, y) — thermal conductivity
X - Thickness
y - Mass

£(x,y)=0.06001+0.02298 # x + 0.0277 * y —0.01658 * x> — 0.1023 * x * y+ 0.01516 % > —
0.07456 % x* —0.03142 * x> % y +0.03978 % x * * —0.03329  * +0.03724 % x* +0.3058 % x° * y +
0.222 % x> % ” +0.01341% x % * —0.1012% y* —0.108 % x* # y—0.273 1% x> * 1* + 0.09269 x> * y* +
0.08044 * x * y* —0.03983 * °

By analyzing thermal conductivity dependence with thickness (figure 5) we can conclude that thermal
conductivity is in a strong correlation with thickness, because higher thickness means more interstationar air
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in 3D wool panel and lower values for thickness can be due to the fibers compression in 3D wool panel
structure.

Data and Fits |

+  Thermal_Conductivity vs_ Thickness
| —— it

0.005

-0.005

ool | | \ | | | | |

Figure 5: Thermal conductivity analyze in function of thickness values for wool panels values

The fitting data for conductivity obtained after 2D data modeleng — thermal conductivity in function of
thickness ( figure 5) and thermal conductivity in function of mass values (figure 6), are presented in Table 3.

Table 3. Fitting data obtained atfer 2D data modeling

Sample No. Mass Thermal Thickness
Xi conductivity f(Xi) Xi

1 21,28 0,0569 2,56

2 23,3853 0,047947 2,48879
3 25,4906 0,059479 2,48317
4 27,5959 0,044674 2,59869
5 29,7012 0,081956 1,84551
6 31,8065 0,038541 2,225
7 33,9118 0,071925 2,34744
8 36,0171 0,056659 2,29708
9 38,1224 0,10833 2,21597
10 40,2277 0,084281 2,39682
11 42,333 0,0542 2,47

By analizing termal conductivity in function of mass is relevant that residual values are lower and
mass don't influence thermal conductivity (figure 6). The important influence factor ifor thermal
conductivity is thickness and 3D wool panel voluminosity.
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Figure 6: Thermal conductivity analize in function of mass values for wool panels

CONCLUSIONS

The advantages of using wool panels in construction are:

- Is nontoxic for the workers that manipulate this products when make building insulation.
- The values for thermal conductivity are relative good

- Thermal conductivity values are in inverse proportional rapport with thickness values

- Thermal resistance is direct proportional with thickness and voluminosity values.

- Mass values don't influence in a high way the thermal conductivity or resistance values.
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Oral presentation

STUDY ON LIQUID MANAGEMENT PROPERTIES OF CELLULOSE
BASED KNITTED FABRICS

Manuela MIHAILIASA', Ada FERRI', Carmen LOGHIN ? and Catalin DUMITRAS 2

! Department of Applied Science and Technology, Politecnico di Torino, Turin, Italy
2 “Gheorghe Asachi” Technical University of lasi, Romania

The present article represents a brief study on the measurement, evaluation and classification of liquid
moisture management properties of knitted fabrics made out of natural and artificial cellulose. Different
percentages of natural and artificial cellulose, as well as, small quantities of elastomeric fibres, were taken
into consideration for the objective testing of the measurement of the liquid moisture management properties
of the fabrics. For this purpose, the testing equipment used was a Moisture Management Tester (MMT). The
test method used focuses on the transport of liquid moisture in the flat state and can be applicable to the
evaluation of fabrics as they would be exposed to liquid moisture present on the surface of the human skin.
For each sample of knitted fabric, the following parameters were measured and calculated: wetting time,
absorption rate, spreading speed and overall Moisture Management Capability (OMMC). The results
obtained with this test method are based on water resistance, water repellency and water absorption
characteristics of the fabric structure, including the fabric’'s geometric and internal structure and the wicking
characteristics of its fibres and yarns.

Keywords: moisture management, wetting time, absorption rate, knitted fabrics
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PLAIN STRUCTURE WITH FLOAT AND TUCK STITCHES

Laura MACOVEI, Constanta COMANDAR
"Gheorghe Asachi” Technical University of lasi,
Faculty of Textiles, Leather and Industrial Management,
lasi, Romania

Abstract: The main objective of the paper is the development of weft knitted structure group with tuck
stitches based on one-on-one miss stitch.

In its base version, this range of structures requires three possible paths in three successive steps taken by
a knitting needle. There are possible two variants: one float loop and single course tuck stitch (ORD/1) and
one tuck and single float stitch (ODR/1), both considered to be complex structural elements type I.

This group of structures allows the creation of another type of complex structural elements, type Il. For type
Il structures there are necessary different needle paths, especially tuck loop and float loop, applied to several
adjacent needles. For example, in the case of four needle/wales ratio there can be identified six kinds of yarn
evolutions on the row direction: two of these evolutions are used for one-on-one miss stitch and four of these
containing one complex element with tuck loop and float loop. The analysis for the knitted structure products
described above indicates that the plain knitted structure with double float loop and single tuck loop is similar
to the single cross tuck knit.

These structures formed with one-on-one miss stitch with tuck stitches, can be developed by choosing the
characteristics of the pattern: dimensions (width, height), distribution on the surface of the knitted fabric and
structure elements. In the case of asymmetric drawings the structure can be balanced by changing the
direction of structure elements orientation. A different approach to develop the structures formed with one-
on-one miss stitch with tuck stitches and obtain complex patterns is to use yarns with different
characteristics.

The combinations of the specific weft knitting technique represent a good modality for the knitted structure
development and also for the utilization of the technological possibilities of the knitting machines.

Keywords: weft knitted structure, one-on-one miss stitch, float stitch, tuck stitch, tuck loop, held loop,
complex structural elements.

1. INTRODUCTION

Knitting technique allows the realizing of diverse knitted structure, both behaviour point of view and
especially on the aesthetic characteristics, thanks to the extended technological possibilities of the knitting
machines. Combining these capabilities open new perspectives in the field of technology creation, resulting
in getting special structure elements different from conventional structures. Thus, there are considering the
different paths of the needle, and the possibility of combining of these trajectories.

Main objective of the paper represent the development of weft knitted structure group with tuck stitches,
beginning with one-on-one miss stitch.

2. STRUCTURE CARACTERISTICS
2.1. Plain structure with float stitch

Plain structure with float stitch, (realized on plain knitting machines or single jersey machines or one bed of a
two bed knitting machine) consists in the combination of two plain primary base structures on selected
needles, between the stitches of the first plain fabric are placed the stitches of the second plain fabric. In this
case a complete knitted row is obtained in two stages [1] [2], so that between the stitches obtained in that
two knitting circle appeared a half high stitch difference on vertical (wale) direction

The most common plain structure with float stitch is one-on-one miss stitch, with minimum ratio (b=2, h=1),
being known as: CROSS Miss 1x1 (E) [1] or R-L hintergelegt (G). Similarly can be realized plain structure
with float stitch 1x1x1, known under the name Cross miss 1x1x1 or Diagonale hintergelegt. Analyzed in
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terms of purely theoretical, one-on-one miss stitch is a plain structure which contains one float loop, with
uniform distributions. It contains only float stitches obtained after two needle path [1] [3], one for normal stitch
(S-1-B) and another for float (S). This aspect may justify eliminating the structure one-on-one miss stitch from
the fundamental group of structures (plain primary base structures) described in specialized literature.

2.2 Different types of structural elements

The analysis of the plain structure with float stitches combined with tuck allows the identification of various
types of structural elements with modified evolution, outside the established structures made in one or two
successive stages: normal stitch (S-I-B), tuck stitch (S-1-B, followed by S-In-B), float stitch (S-I-B, than S)
considered structural element type 0 (zero). Usually [4], a normal stitch is obtain after one needle path using
clearing cam (needle at clearing height), as S-I-B, one tuck loop on the needle at tucking height so the
needle path is S-In-B, and one float on the needle at low-run (“miss” height), S, when the old loop is
extended one knitting cycle (needle course) and the needle is maintained with its head near by knock over
edge.

2.2.1 Complex structural elements type | (CSE 1) — stitches with modified evolution
Using three possible needle paths in three successive steps taken by a knitting needle (needle 2, figure 1),

allow the formation of the different type of stitch: one float loop and single tuck loop (ORD/1, figure 1.a.) and
one tuck stitch and all (held loop with one tuck loop) extended one knitting cycle more (ODR/1, figure 1.b).

OA O A
O] O
oY 9

1

Z
Figure 1: One float stitches and one tuck stitches

Repeating one of the two modified paths will lead to the formation the following stitches (needle 2, figure 2):
one float loop and double tuck loop (OR1D2, figure 2.a), double float stitch and one tuck loop (OR2D1, figure
2.b), or one float stitch and one tuck loop which is maintained one knitting cycle more on the needle
(OR1Dr1, figure2.c).

The difference between these stitches consists in the number of float or tuck in one stitch.

O OA %
OA oN O
O O O
O O O

172 1" %9 1
OR1D2 OR2D1 OR1Dr1

a. b. C.
Figure 2: Double float stitches and double tuck stitches

N>

This reasoning can be applied also in the case of increasing the number of repetition of those modified
needle paths/needle trajectory, considering the variety of the possibilities of combining on vertical direction.
Textile literature [2] presents two structure which are consisting in only one tuck stitch and all (held loop with
one tuck loop) extended one knitting cycle more (ODR/1, figure 1.b). when the ratio dimension is b=h=3
respective o combination of normal stitch, tuck stitch and float stitch in case of ratio dimension b=h=4. In this
case the diagonal orientation of the knitted elements permitted the realizations of Twill effect.
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2.2.2 Complex structural elements type Il (CSE Il) — stitches with modified evolution.

For the formation of these complex structural elements type Il, are used different path for more consecutive
knitting needles.

A. The complex structural element (Ec) type “tuck-float” (figure 3) contains one tuck extended on two
adjacent needle (two adjacent one cross held loop) which appear as a tuck loop (Bn) for needle 2 and as a
float loop (FI) for the needle 3. The newly created element is an asymmetric one, making intermeshing points
with the stitches belonging to 1-4 wales. In this case those two needle (2 and 3) go through the different
trajectories so that the needle 2 goes through tucking height, its trajectory being S-In-B, and the needle 3 at
low-run (“miss” height), its trajectory being S

Ec (Bp*Fl)

1 2 3 4

Figure 3: Complex structural element type “tuck-float”

B. The complex structural element has three kinds of modified evolution for three consecutive knitting

needles when there are used three different techniques: needle loop stitches transfer, float loop and tuck

loop (a new loop becomes a tuck loop besides a held loop). By permutation of these compound elements,

result in a new type of complex structural element consists of:

- tuck loop (Bn) — float loop (FI) - first knitted loop (Bi), (figure 4.a);

- tuck loop extended on two adjacent needle (Bn+Bi) — float loop (FI), placed either tuck loop (figure 3.b),
or after tuck loop (figure 3.c).

The complex structural element consists of extended tuck loop-float loop is similar with structural element

consists of float loop — extended tuck loop, but the comparative analysis highlights the major differences

between the two situations (surface appearance respective knitted fabric behaviour)

Bn\i
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Figure 4: Complex structural elements type |l
3. ONE-ON-ONE MISS STITCHES WITH TUCK LOOP
3.1. Knitted yarn evolutions type
The principal idea of previous discussions shows us that the group of the complex structural elements is
extremely vast, reasoned statement of: primary base structure, the type of complex element structural

(determined by knitting technique applied and the number of the consecutive knitting needles), ratio of the
pattern (dimensions and distribution on the knitted fabric surface).
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For example were chosen one-on-one miss stitches, structural element consists of tuck loop-float loop and
four wales/needles width ratio. In these conditions may be identified six type of knitted yarn evolutions on
row direction, two of them for one-on-one miss stitches (a, b) and anther four evolutions included the
complex structural element (a4, by, a, by).

Figure 5: Knitted yarn evolutions type for one-on-one miss stitch with tuck loop, b=4

All type of yarn evolutions (a, b, a4, by, a;, b,) can be identified on the height pattern ratio, with or without
repetition, but not all the combination between the different types of yarn evolution are available in practice,
from technological point of view.

3.2. Examples of structures

From the large number of structure variants were chosen two of them characterized through a minimum
height pattern ratio, b = 4.

Variant 1.

This variant has a specific combination of the knitted yarn evolution a — b - a; - b,, which assure yarn feeding
as a tuck on two consecutive knitting needles in different stages, the result being the formation of OR2D1
stitch type. It is interesting to observed that in this knitted structure the tuck loops of the tuck stitches are
different from usually tuck loop, so the these may be either symmetric (2,6 wales), or asymmetric (1,5 wales)
tuck loop because of the different positions of their intermeshing point with structure elements.
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a. Variant 1 b. Variant 2
Figure 6: Yarn evolution for one-on-one miss stitches with tuck loop, b=4

Variant 2.
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Variant 2 has another specific combination of the knitted yarn evolution a, — b - a, —b; for this variant the
result is an alternation of wales with tuck stitches belonging to OR2D1 stitch type and one-on-one miss
stitch. For this version structure is more balanced, because all the tuck loops are symmetric.

4. EXPERIMENTAL

For knitted structure one-on-one miss stitch with tuck loop, Variant 3, (Figure 7.), in the design phase was
chosen a pattern with another specific combination of the knitted yarn evolution a; — b, - a, —by4, so that each
of the four needles are knitting in three stages, forming: normal stitch (needle at clearing height), one float
loop (needle at “miss” height) and one tuck loop (needle at tucking height).This structure consists of only
OR2D1 stitch type, which makes it similar with single cross tuck knit. The complex structural element
presents an asymmetric position; its succession in order float-tuck determined the longest branch orientation
to the right side. Changing the succession of the elements, tuck-float, it is registered the orientation to the
other side.

Figure 7: One-on-one miss stitch with tuck loop (OR2D1)

The knitted fabric was realised with CMS STOLL weft knitting machine, K=12E, PAN 100%, 2x28 Tex. The
back side of the knitted structure (Figure 7b.) is an interesting one because of emphasizing the tuck loops
arranged on the diagonal direction; so it is recommended the back side to be used as technical face of
fabric.

Analyzed through extensibility characteristic, it can be appreciated that the fabric is stable in both, horizontal
and vertical, directions and also have a good resistance on the diagonal direction, which allows us to
recommend to be used this knitted structure in technical textile domain. This structure creates the margin
rolled effect.

5. CONCLUSIONS

In conclusion, we can make some general considerations:

the combination of the weft special knitting technique represented on one side a good modality for
knitted structure development and on the other side the capitalization of the technological possibilities of
the knitting machines so it was possible the creation of the complex structural element type | and type I,
composed of tuck loops and float loops;

the plain knitted structure group with float and tuck respective one-on-one miss stitch with tuck stitches,
can be extended by choosing different the characteristics of the pattern as: dimensions, distribution on
the surface of the knitted fabric and structure elements; the structure can be balanced by changing the
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direction of structure elements orientation; another possibility of development aimed at complex pattern,
using threads with different characteristics;

it is estimated that knitted structure one-on-one miss stitch with tuck loop, similar with single cross tuck
knit, due to particularly advantageous characteristics this knitted structure will require and it will be
found multiple uses.
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