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Izvle¢ek

Finost vlaken je ena najpomembnejsih lastno-
sti vlaken. Namen raziskave je bil oceniti vpliv
finosti filamentov multifilamentnega votka na
spremembo v barvni vrednosti (AE) in na fak-
tor odbojnosti svetlobe (R-vrednost) obarvanih
poliestrskih tkanin pred in po postopku drgnje-
nja - pojav, ki pomembno vpliva na Zivljenj-
sko dobo oblacil. Raziskano je bilo pet tkanin z
razli¢no gostoto votka. Uporabljena je bila po-
liestrska preja 150den/48f in 150den/144f. Dr-
gnjenje je bilo izvedeno pri 3000, 6000, 10000
in 15000 ciklih. Izkazalo se je, da finost fila-
mentov v votku vpliva na barvne vrednosti in
faktor odbojnosti svetlobe tkanin po drgnjenju.
Tkanine s 150den/144f so pokazale vecjo spre-
membo pri niZjih gostotah votka, medtem ko
je bilo s povecevanjem gostote obratno. Zara-
di razlicnih povrsinskih lastnosti vzorcev po dr-
gnjenju so se pojavljala nihanja v vrednosti od-
bojnosti svetlobe vzorcev pri razlicnem Stevilu
ciklov drgnjenja. Statistiéna obdelava s trismer-
no analizo variance je pokazala pomembnost
vpliva finosti filamentov, gostote votka in Stevi-
la ciklov drgnjenja na barvne vrednosti in fak-
tor odbojnosti svetlobe tkanih vzorcev.
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tna preja
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Abstract

Fineness is one of the most important properties of fibres consti-
tuting textile products. The aim of the research was to evaluate the
effect of fibre fineness of multifilament weft yarns on the change
in colour (AF) and reflectance factor (R-value) of dyed woven pol-
yester fabrics before and after the abrasion process, which is one
of the major phenomena affecting the use-life of a garment. The
effect of filament fineness of weft yarns was assessed on samples
with five different weft densities. The polyester yarns used were
150den/48filaments and 150den/144filaments. The abrasion was
performed at 3000, 6000, 10000 and 15000 abrasion cycles.

The research showed that the fibre fineness of weft yarns affected
the colour and reflectance factor of woven fabrics after the abra-
sion process. The woven fabrics with 150den/144f showed a great-
er change in the colour and reflectance factor at lower weft densi-
ties, while by increasing weft density, the trend was reversed. There
were also some fluctuations in the reflectance value of samples at
different numbers of abrasion cycles, which was a consequence of
different sample surface characteristics after the abrasion process.
The statistical evaluations using a three-way analysis of variance
showed a significant effect of fibre fineness, weft density, and the
number of abrasion cycles on the colour and reflectance factor of
woven samples after the abrasion process.

Keywords: reflectance value, colour difference, weft density, polyes-
ter, multifilament yarn

Tekstilec, 2010, letn. 53, $t. 10~12, str. 285-293



286

1 Introduction

All over the world, the synthetic fibre industry has
been tremendously growing and developing tech-
nologically. The introduction of finer fibres by the
manufacturers of manmade fibres for the use in
the apparel industry has created limitless possibi-
lities to achieve improved physical, mechanical and
aesthetic properties of apparel fabrics. The fabrics
manufactured from these fibres have better soft-
ness, drape, dimensional stability and wicking, thus
ensuring better mechanical and comfort proper-
ties. A study by Srinivasan et al [1] was conducted
to evaluate the physical and mechanical properties
of knitted fabrics from polyester micro-denier fi-
bres. The results of their study showed better drap-
ability, wicking behaviour and water-drop absor-
bency of microfibre fabrics than of normal denier
fabrics. The bursting strength of microfibre fabrics
was slightly better than that of normal denier fab-
rics. However, the pilling resistance and abrasion
resistance of microfibre fabrics did not vary signifi-
cantly compared with normal denier fabrics. The ef-
fect of fibre fineness on the comfort characteristics
of polyester woven fabrics was studied by Pouria-
mehr et al [2]. They found that by increasing fibre
fineness, the friction coefficient and bending modu-
lus reduce, while the wicking and tensile properties
on the other hand improve.

The life of garments depends on different parame-
ters which affect the garments during their appli-
cation. There are different processes, e.g. abrasion,
cutting action, laundering, light and etc, which
change the garment properties. Among these pro-
cesses, abrasion is defined as the phenomenon that
reduces the serviceable life of garments. Therefore,
the abrasion resistance of fabrics is the major cri-
terion taken into consideration when choosing the
type of a fabric.

According to the ASTM standard [3], abrasion is
defined as the wearing away of a part of material by
rubbing against another surface. There are several
ways in which a fabric can be abraded. Abrasion ul-
timately results in the loss of performance charac-
teristics, such as strength and the appearance of a
fabric [4]. Different factors have been found to af-
fect the abrasion of a fabric, including fibre type, fi-
bre properties, yarn twist and fabric structure [5].
Different abrasion test methods have been intro-
duced, e.g. Martindale abrasion tester [3], oscilla-
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tory cylinder [5] and rotary platform double-head
methods [6]. Among the test parameters which
can affect the results of an abrasion test, the type of
abrasion, type of abradant, pressure, speed tension
and direction of abrasion should be mentioned [7].
There are many researches related to the abrasion
process, e.g. studying the effect of increasing abra-
sion cycles on the reflectance value and the differ-
ence between cotton and wool fabrics [4, 8]. Fatma
Kalaoglu et al [9] studied the influence of vari-
ous structural parameters of 50/50 wool/polyester
blended fabrics on the abrasion characteristics. The
abrasion resistance of cotton/flax fabrics on the ba-
sis of computer simulations of fabric wear geometry
was studied by Koltysheva et al [10]. Another paper
evaluated the effect of abrasion on the stress-strain
properties of two polyester/cotton fabrics [11]. The
effect of the cross-section shape of polyester fibres
on the values of woven fabrics after the abrasion
process was studied by Becerir et al [12].

The literature shows that there are not any studies
about the evaluation of the effect of fibre fineness
on the colour change and reflectance value of mul-
tifilament polyester woven fabrics after the abra-
sion process. Therefore, apart from better mech-
anical and physical properties of woven fabrics by
using finer fibres, in this experiment, the effect of
fibre fineness on the reflectance factor and the ef-
fect of differences on the use-life of fabrics after the
abrasion process are evaluated. Finally, a statisti-
cal evaluation based on a three-way analysis of var-
iance was used to compare the difference between
the change in colour and reflectance factor of wo-
ven samples after the abrasion process.

2 Materials and methods

For the purpose of this study, fabrics were woven in
5 different weft densities with two kinds of polyester
weft yarns, i.e. 150den/144f and 150den/48f DTY
filament yarns, with a Z-twist. The fibre cross sec-
tion was round in these yarns. The tensile proper-
ties are presented in Table 1. The selected weft den-
sities were 11, 14, 17, 20 and 23 per centimetre. The
warp yarn was 150den/48f DTY filament yarns and
its density was 24 per centimetre. 10 different sam-
ples were produced.

The dyeing procedure and the auxiliaries applied in
the dyeing of polyester woven fabrics are shown in
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Table 2. A computerized laboratory dyeing machine
called Polymat from Data was used (cf. Figure 1).
The reduction cleaning of samples was performed
using hydro and alkali according to Table 3. The
construction parameters of samples before and af-
ter the dyeing process, and specified codes for each
of them are listed in Table 4.

The abrasion tests were performed on a Martin-
dale abrasion tester in accordance with the ASTM
D4966 standard [3] at 4 different numbers of abra-
sion cycles, i.e. 3000, 6000, 10000 and 15000 cycles.

Table 1: Tensile properties of weft yarns
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The thickness values of samples after the abrasion
process are presented in Table 5.

The reflectance factors of samples (before and af-
ter the abrasion process) were measured with a Tex-
flash spectrophotometer from Datacolor. The CIE
L*a*b* colour system was used to evaluate the col-
our deviations by means of AE*ab values.

The wavelength of 640 nm (between 400-700 nm)
was found as the minimum reflectance of samples;
hence, the reflectance values were recorded at this
wavelength.

Parameter Breaking strength (cN/tex) Breaking elongation (%)

Mean CV (%) Mean (ACH)
150den/48f 27.30 6.49 24.32 3.87
150den/144f 29.70 4.20 2991 8.77

Table 2: Dyebath contents

Dye  CIDisperse  Acetic acid

1% Blue 56 30 ml/lit

Carrier

(DI-300, Dongin
Texchem Co., Ltd)

6g/l

1.3 g/

Dispersing agent
(Donasisi NWA-1DD, Dongin
Texchem Co., Ltd)

01

Table 3: Reduction cleaning of samples

Sodium hydrosulphite

Ammonia

Dispersing agent

Temperature (°C)

Time (min)

Table 4: Construction parameters of woven fabrics after dyeing

Fabric Weft density (1/cm) Wef Warp density Weight  Thickness

code [ 'Nominal After dyeing el number (1/cm) (g/m*)  (mm)

A 11 17.3 | 150den/48f 31.3 118.50 0.45
B 14 18.5 | 150den/48f 31.7 124 0.44
C 17 22.8 | 150den/48f 30.3 122.75 0.33
D 20 25.2 | 150den/48f 32.0 125.5 0.30
E 23 27.3 | 150den/48f 31.0 128.5 0.29
F 11 17.1 | 150den/144f 31.3 116.75 0.43
G 14 18.9 | 150den/144f 29.5 121.5 0.43
H 17 22 | 150den/144f 31.7 121.0 0.36
I 20 25.2 | 150den/144f 32.0 135.25 0.31
] 23 26.7 | 150den/144f 31.2 136.5 0.26
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Figure 1: Dyeing process of samples

Table 5: Thickness values (mm) of woven fabrics after
abrasion process

Abrasion cycles

0 3000 6000 10000

Sample

(@)
]
o
(¢

A
B
C
D
E
F
G
H
I

J

3 Results and discussion

Figure 2 (a-e) shows the effect of fibre fineness of
weft yarns on the difference in colour after the abra-
sion process.

The colour differences of Fabrics F, G and H were
higher than that of Fabrics A, B and C, respective-
ly. The largest change in this value occurred un-
til the 6000 abrasion cycle for Fabrics A and F, B
and G, and C and H. On the other hand, it could
be observed that by increasing weft density up to 20
wefts per centimetre the colour difference of Sam-
ple I was almost equal to Sample D, and in the max-
imum weft density, this trend was reversed, thus
Sample ] woven with finer fibres displayed a lower
colour difference compared to Sample E. For these
samples, i.e. Samples I and D, and Samples E and J,
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the largest change in colour difference was observed
at 10000-15000 abrasion cycles. In consequence,
the fabrics woven with 150den/144f weft yarn were
more affected by the abrasion process in lower weft
densities, although by increasing weft densities,
these samples showed lower distortion.
The above mentioned parameters, i.e. weft densi-
ty and fibre fineness, obviously had a tremendous
effect on the abrasion resistance of fabrics in this
study. According to the literature [7], by increasing
weft density up to a specific level, the abrasion re-
sistance increases, since each individual thread has
to take less force. However, there are some opti-
mum values for increasing weft density, since the
jamming of yarns and more movement restric-
tion during the abrasion process by increasing weft
density could cause more distortion of the fabric
structure. On the other hand, the flexural rigidity
of a filament depends on its shape, tensile modu-
lus, density and most of all, its thickness. The flex-
ural rigidity varies with the second power of the
linear density of a filament as shown in Equation
1[13]:
Flexural rigidity (Nmm?) = _1 BT (1)
. p
where T (kgm™) is the linear density of a filament, p
(kgm™) is density, E (Nkg™'m) is a specific modulus
and 7 is the shape factor.
The finer fibres which had a lower breaking load
could be more affected by the cyclic rubbing actions
during the abrasion process in lower weft densities
due to the more space available for their movement
and displacement. On the other hand, by increasing
weft densities, there is not as much space for the fi-
bre movement as it is in lower weft densities. This
causes fibre breakage and more fabric distortion
under cyclic rubbing actions especially in higher
weft densities with regard to the coarser fibre which
had higher rigidity than the finer fibre according to
Equation 1.
The decrease in the colour difference of woven fab-
rics containing 150den/144f weft yarn in 23 wefts
per centimetre (Samples ] and E) could be more in-
fluenced by fibre fineness than weft density. Thus,
the distortion of the woven Fabric ] was lower than
of the woven Fabric E.
Figure 3 (a-b) shows the effect of weft density on
the colour change in different abrasion cycles. In
the samples woven with 150den/48f, the colour
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Figure 2: Colour differences of woven fabrics with dif-
ferent weft density: (a) 11 per cm, (b) 14 per cm, (c)
17 per cm, (d) 20 per cm and (e) 23 per cm.
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clear that by increasing weft density in all abrasion
cycles, the colour difference reduced. The promi-
nent effect of variation of weft density on the abra-
sion resistance and then the colour change of the
fabric could be the reason for the observed trend on
the samples woven with 150den/48f weft yarns. On
the other hand, irrespective of the increase in weft
density and less free space for fibre displacement,
a higher flexibility of finer fibres in 150den/144f
yarns has a dominant effect on the abrasion resist-
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Figure 3: Effect of weft density on difference of samples after abrasion process; (a) 150den/144f weft yarn, (b)

150den/48f weft yarn
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Table 6: Statistical evaluation of difference of samples after abrasion process using ANOVA at 0.05 significance

level
Source Sum of squares  df Mean square F Sig.
Corrected model 469.305 39 12.033 4.798 0.000
Intercept 1775.216 1 1775.216 707.780 0.000
Abrasion cycle 247.061 3 82.354 32.834 0.000
Weft density 65.846 4 16.461 6.563 0.000
Yarn type 16.817 1 16.817 6.705 0.011
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- trend in Figure 3a.
- The photos of fabrics after 3000 and 15000 abrasion
) ' ] cycles, respectively, taken with a Light Microscope
e ~E (Stereo Microscope) are given in Figure 5, where
0080 the surface changes are visible. The photos were
ao7s taken with the magnification 30x. The figures show
o that the number of ruptured and pulled out fibres
B 0 2000 4000 G000 BO00 10000 12000 14000 16000 on the surface of fabrics in 15000 abrasion CYCICS

Abrasion eycles

Figure 4: Reflectance value of woven fabrics with dif-
ferent weft density:

(a) 11 per cm, (b) 14 per cm, (c) 17 per cm, (d) 20 per
cm and (e) 23 per cm

was more than 3000. These distortions were in most
cases more visible for the samples with 150den/144f
weft yarns.

The difference between the colour changes of sam-
ples after the abrasion process using a three-way
analysis of variance was performed at the 0.05 sig-
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nificance level using the SPSS software. As shown in
Table 6, it was clear that all three parameters, i.e. the
number of abrasion cycles, weft density, and yarn
type (fibre fineness of yarn) had a significant effect
on the colour change of samples at the 0.05 signifi-
cance level (sig. value < 0.05).

The effect of fibre fineness and weft density on the
reflectance value of samples is presented in Figure
4 (a-e).

The reflectance values of all abraded samples in dif-
ferent abrasion cycles were higher than of the una-
braded samples. Moreover, it seems that the reflec-
tance value of fabrics with 150den/144f weft yarn
was higher than with the 150den/48f ones in all cas-
es except for the sample woven with 23 wefts per
centimetre. As shown in Figure 4 (a-e), some fluc-
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tuations could also be observed in the reflectance
value of samples in certain abrasion cycles.

It can be observed from the photographs (cf. Figure
5) that filaments are ruptured or pulled out due to
the abrasion process. The change in the light reflec-
tion characteristics of the surface could be associat-
ed with the condition of filaments on the surface af-
ter the abrasion.

The ruptured and pulled out fibres on the fabric
surface may act as light-scattering points. This phe-
nomenon causes a decrease in the reflectance val-
ue of Samples H and G at 15000 abrasion cycles,
of Sample F at 10000, Sample I at 6000 and Sam-
ple D at 10000 abrasion cycles. On the other hand,
the surface uniformity of one fabric might be im-
proved by the ruptured and pulled out fibres, since
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2 TSNP 7T

After 15000

Sacgle abrasion cycle

A

oy -
EPLETE L o8]
wwrét*"
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After 3000

— abrasnon cycle

F

Figure 5: Surface structure of samples after abrasion process
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Table 7: Statistical evaluation of reflectance factor of samples after abrasion process using ANOVA at 0.05 sig-

nificance level

Source Sum of squares  df Mean square F Sig.

Corrected model 1.122E-02 49 2.289E-04 4.589 0.000
Intercept 1.539 1 1.539 30865.424 0.000
Abrasion cycle 3.493E-03 4 8.732E-04 17.508 0.000
Weft density 2.854E-03 4 7.135E-04 14.305 0.000
Yarn type 4.684E-04 1 4.684E-04 9.392 0.002

their parallel alignment creates a combing effect
which increases the reflectance value [4]. The re-
sults of reflectance values of samples show that in
most cases the fabrics woven with 150den/144f in
weft had a higher reflectance value due to a great-
er distortion and modification of the fabric surface
so that a smoother surface was obtained, while the
reflectance values of Fabric ] were higher than that
of Fabric E in all abrasion cycles. As mentioned be-
fore, the distortion of Sample E was higher than
that of Sample J, which could be the reason for this
trend.

The difference between the reflectance factors of
samples after the abrasion process using a three-
way analysis of variance was also performed at the
0.05 significance level. As shown in Table 7, it was
clear that all three parameters showed a significant
effect on the reflectance factor of samples at the 0.05
significance level (sig. value < 0.05). The number of
abrasion cycles showed the greatest effect on the re-
flectance factor of samples after the abrasion pro-
cess.

4 Conclusion

In this study, the effect of fibre fineness of multifila-
ment yarns and weft density on the reflectance val-
ues and colour difference values of polyester woven
fabrics was studied. By considering the interaction
between the two mentioned parameters, the ob-
tained results showed that the largest change in the
difference values of samples is between 3000 and
6000, or between 10000 and 15000 abrasion cy-
cles. It could also be concluded that the samples
with 150den/144f weft yarns in 11, 14, 17 and 20
weft densities per centimetre were more affected by
abrasion, so these samples displayed a greater co-

lour difference, while inversely in 23 weft density
per centimetre, the sample woven with 150den/48f
weft yarn was more affected by abrasion. Finally, the
reflectance value of woven fabrics with 150den/144f
was higher in most cases after different cycles of the
abrasion process.
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