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Abstract

Knitted fabrics are distinguished by their outstanding comfort for clothing and for their rapid mass production.
Though cotton knitted fabrics can provide better comfort, their physical appearance and service life are affected
by many factors, and they have a propensity for pilling, abrasion and snagging. The main goal of this research
work was to investigate the effect of yarn parameters on the abrasion, pilling and snagging resistance of half-
bleached knitted fabrics. Six knitted fabrics were manufactured from 100% cotton carded ring yarn with a linear
density of 21, 25, and 30 tex, with two yarn twist levels for each linear density. Except for yarn linear density and
twist, the remaining yarn and machine parameters were constant, including fabric manufacturing. The knitted
fabrics were treated using a half-bleach treatment before property evaluation. The results showed that knitted
fabric made from a finer count of 21 tex with a higher yarn twist of 920 m=" had the highest mass loss ratio of
2.12-10.76%, and the lowest abrasion resistance of 89-97.88% between 5,000 to 20000 abrasion cycles. The
highest abrasion resistance of 96.4-98.9% (mass loss ratio of 1-3.5%) was recorded for a single jersey knitted
fabric made from coarser yarn (30 tex) with the lower twist of 826 m™". The abrasion resistance of knitted fabrics
was significantly affected by the thickness of the fabric, while regression analysis proved that fabric thickness
and mass loss ratio had very good correlation, with an adjusted R? value of 93.8%. The snagging resistance of
knitted fabrics increased as yarn twist and fineness increased. Pilling propensity increased as yarn linear density
increased and twist decreased. Linear regression results revealed that yarn linear density and twist were highly
correlated to abrasion resistance (mass loss method) at an adjusted R? value of 98.6% or 0.986 after 20,000 rubs.
Keywords: yarn parameters, knitted fabrics, half-bleached, abrasion, pilling, snagging resistance

[zvlecek

Iziemna udobnost pletenih oblacil in hitra masovna proizvodnja pletiv sta znani. Ceprav bombazna pletiva zagota-
vljajo udobje, pa sta njihov estetski videz in doba trajanja odvisna od stevilnih dejavnikov, ki vodijo v nastanek pilinga,
drgnjenje in izvlecenje zank. Glavni cilj te raziskave je bil prouciti vplive parametrov preje na odpornost proti drgnjenju,
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pilingu in izvlecenju zank polbeljenih pletiv. Izdelanih je bilo Sest pletiv iz 100-odstotnih bombaznih mikanih prstanskih
prej s finoco 21 tex, 25 tex in 30 tex z dvema razlicnima stopnjama vitja. Preostali parametri izdelave prej in pletiv so
bili enaki. Pletiva so bila pred oceno lastnosti polbeliena. Rezultati so pokazali, da je pletivo, izdelano iz finejse preje
21 tex z visjim vitiem 920 m™, pri 5000 do 20.000 ciklih drgnjenja izgubilo najvec¢ mase, in sicer 2,12—10,76 %, ter imelo
najnizjo, 89-97,88-odstotno odpornost proti obrabi. Najvisja, 96,4-98,9-odstotna odpornost proti drgnjenju (masa
zmanjsana za 1-3,5 %), je bila zabeleZena pri enojnem jerseju, izdelanem iz preje 30 tex z vitiem 826 m~'. Na odpornost
proti drgnjenju je mocno vplivala debelina pletiv. Regresijska analiza je pokazala, da sta debelina in zmanjsanje mase
med seboj mocno soodvisna, kar je potrdil 93,8-odstotni korelacijski koeficient, R>. Odpornost pletiva proti izvlecenju
zank se je povecala z vitiem in finoco preje. Nagnjenost k pilingu se je povecala, ko se je finoca preje zvisala in se je vitje
znizalo. Rezultati linearne regresije po 20.000 drgnjenjih (metoda zmanjsanja mase) so pokazali korelacijo finoce in

vitia preje z odpornostjo proti drgnjenju, saj je korelacijski koeficient, R?, znasal 98,6 odstotka ali 0,986.
Klju¢ne besede: parametri preje, pletivo, polbeljeno pletivo, drgnjenje, piling, odpornost proti izvlecenju zank

1 Introduction

Abrasion resistance and pilling performance are two
of the most important mechanical characteristics of
fabrics [1] and a factor in virtually every textile appli-
cation. They are also a major purchasing requirement
from the consumer’s viewpoint. The abrasion resist-
ance of textile materials is affected by many factors
in a very complex and poorly understood manner [2].
Market studies have shown that evaluations of con-
sumer quality requirements are related to abrasion
resistance [3]. Abrasion is the gradual removal of fi-
bres from yarns, and is influenced by fibre cohesion
in yarns [4]. Kalaoglu et al. and McCord [3, 5] stated
that the abrasion resistance of textile materials is af-
fected by many factors, such as fibre content, fibre
fineness, yarn linear density, yarn type, weave, fabric
thickness, finishes, etc. Abrasion first modifies the
fabric surface and then affects the internal structure.
Similarly, the pilling of knitted fabrics is a persistent
and serious problem for the clothing industry [6].
Many parts of clothing, such as collar, cuffs, and
pockets are subjected to wear in use, which limits
their serviceability. Pilling not only reduces ap-
pearance and comfort properties, but also affects
the service life of textile products [7]. Uyanik and
Topalbekiroglu studied the effects of knit structures
on the pilling resistance of knitted fabrics made from
the same cotton yarn. The results revealed that sin-
gle jersey has a lower pilling resistance than fabrics
with tuck stitches, while knit structures with larger
pores show higher a resistance to pilling. Some au-
thors studied the relationship between fibre, yarn and
wool single jersey and rib knitted fabrics on pilling
property. The prediction of the pilling tendency of
those wool knits was developed by artificial neural
network modelling (ANN) [8, 9].

In addition, dyeing and finishing processes reduce
the pilling resistance of knitted fabrics [10]. Other
authors have researched the effect of wet processing
on cellulosic knitted fabrics, and the model suggests
that the ends of fibres come out from yarns by me-
chanical abrasion due to low fibre-fibre friction [11].
Candan studied the pilling and abrasion properties
of different knitted fabrics made from ring and open-
end spun cotton yarns, and 50/50 cotton/polyester
yarns. The results showed that, unlike plain jersey
fabrics, Lacoste fabrics perform very well and that
fabrics knitted from open-end spun yarns generally
have a lower propensity to pilling [12]. Akaydin and
Can stated that the abrasion resistance and pilling
performance of interlock fabrics were higher than
jersey fabrics, those of dyed fabrics higher than raw
fabrics, and those fabrics produced from compact
yarns were higher than fabrics produced from ring
yarns [13]. Another researcher investigated the effects
of fibre type, and single and ply yarns on the abrasion
and pilling resistance of socks. The results indicated
that the abrasion resistance of socks increased with
use of coarser yarn or thicker yarn, the addition of
polyester, and the addition of polyamide or elastic
yarns to the structure [14]. Knitted fabrics with in-
terlock, rib and single jersey structures made from
compact and conventional ring yarns and their phys-
ical properties were investigated, and compared with
each other before and after printing processes. It was
found that no statistical differences were observed
with regard to weight, abrasion resistance, colour
efficiency and rubbing fastness [1].

A previous study reported that the fibrous composi-
tion and thickness of materials (up to 6%), as well as
washing and softening (from 33% to 67%) change the
pilling resistance of knitted fabrics [15]. Daiva stud-
ied the pilling resistance of single jersey, rib and in-
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terlock knitted fabrics made from PES yarns, cotton
yarns and cotton yarns combined with PU yarns. The
results found that 2x2 rib knitted fabric has a better
pilling resistance than interlock, 1x1 rib and plain
knitted fabric because of the reduced operating sur-
face area. Fabrics knitted from PES (polyester) yarns
or those PES yards blended with cotton yarns have
a worse visual appearance than fabrics knitted from
pure cotton yarns because PES fibres are resistant to
malformed pills due to their exceptional strength [6].
A 100% cotton single jersey knitted fabric made from
a combed ring yarn with a linear density of 19.7 tex,
and a different stitch position and length, was stud-
ied, and the results revealed that stitch density (wales/
cm and course/cm) and mass per unit area, burst-
ing, pilling and abrasion resistance decrease as stitch
length increases [16, 17]. Single jersey knitted fabrics
with various numbers and position of tuck stitch-
es were made from glass yarn using a flat knitting
machine. The findings proved that fabric thickness
increased and air permeability decreased as tuck
stitches increased [18]. The effect of rubbing fastness
on single jersey knitted fabrics made of combed ring-
spun and compact cotton yarns was researched. The
reports showed that knitted fabrics made from com-
pactand comb yarn were similar in terms of rubbing
property in a dry state. However, single jersey knitted
fabrics made from ring yarn have a greater rubbing
resistance in a wet state due to the high porosity of
the ring yarn fabrics, which allows water molecules
to penetrate [19, 20].

Numerous researchers have stated that the end-use
properties of clothing, such as pilling effect and
abrasion resistance, are influenced by material type,
fibre fineness, yarn linear density, yarn strength,
yarn hairiness, fabric structure and surface densi-
ty [2, 21-24]. A comparison of pilling and abrasion
properties of knitted fabrics was performed for differ-
ent spinning yarns, such as ring, compact and rotor
yarns [25-30]. The effects of washing and drying [1]
as well as finishing and dying [31, 32], were also in-
vestigated. Knitted fabrics from compact yarns have
a higher pilling and abrasion resistance than ring and
rotor yarns, while the abrasion resistance of knitted
fabrics from ring-spun yarns was slightly better than
open-end spun yarns [33].

As shown in a review of literature, many research-
ers have studied the effects of yarn structure, linear
density, twist and knitted structure on the abrasion,
pilling, tensile and tear strength properties of fabrics.
Most of the studies were done at the greige fabric

level and based on a comparison based on different
spinning methods. However, the effects of yarn prop-
erties on fabric snagging resistance have not been
thoroughly addressed. The aim of this study was to
investigate the influence of ring yarn parameters (by
varying yarn linear density and twist) on the pilling,
abrasion and snagging resistance of half-bleached
knitted fabrics.

2 Materials and methods

2.1 Materials

Six single jersey knitted fabrics were produced from
100% cotton carded ring yarn counts of 21 tex with
two twist levels of 920 m™ and 905 m™, 25 tex with
twist levels of 890 m™ and 860 m™, and 30 tex with
twist levels of 847 m™ and 826 m™.

2.2 Methods

Each of the three yarns with two different twist
levels were produced using a ring spinning system
(RIETER-G35) manufactured by Bahir Dar Textile
Share Company. All yarns were spun from the same
fibre mix with a micronaire value of 4.23, a maturity
0f 0.85, an upper half mean length (UHML) of 29.86
mm, a uniformity index (UI) of 84.5%, a strength
of 30.4 cN/tex, an elongation of 7.4%, a short fibre
content of 6.7% and a trash grade of three. Yarn lin-
ear density and yarn twist were measured according
to the ES ISO 2060 and ASTM D1422 test methods,
respectively. Six knitted fabrics were manufactured
using those developed yarns with incremental twist
levels. Except for yarn linear density with different
twist levels, the remaining parameters were con-
stant and the knitted fabrics were produced on the
same SHIMA SEIKI® (model - SES 122 FF, gauge 7)
flat knitting machine at the Technical University of
Liberec in the Czech Republic. The machine settings,
such as machine speed, loop length, and horizontal
and vertical density per centimetre were kept con-
stant for all fabrics. The yarn and fabric characteris-
tics are presented in Table 1.

Chemical treatments

Hydrogen peroxide (H,O,) based half-bleach com-
bined treatment was carried out for knitted fabrics
using a winch machine. The fabric and water solution
were prepared at a material to liquor ratio (MLR) of
1:5, and hydrogen peroxide (H,0,), sodium silicate
(Na,Si0,), sodium hydroxide (NaOH) and a wetting
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agent of 4%, 2%, 3%, and 0.5% of fabric weight, re-
spectively. Knitted fabrics were treated at a temper-
ature of 95 °C for 90 minutes at a machine working
speed of 40 m/minutes.

Abrasion resistance

The abrasion resistance of the knitted fabrics was
measured using two methods according to ES ISO
12947-1 (appearance change method) at 5,000 cy-
cles and ES ISO 12947-3 (mass loss method) using
a Martindale Abrasion and Pilling device (Mesdan-
Lab, Model 2568). The mass loss ratios of knitted fab-
rics were recorded after 5,000, 7,500, 10,000, 15,000
and 20,000 cycles of the Martindale Abrasion and
Pilling device. Pressure loading of 9 kPa was used
during testing for both methods (1 and 3).

Pilling resistance

The pilling properties of knitted fabrics were meas-
ured using two different methods according to ES ISO
12945-2 after 5,000 cycles using a Martindale Abrasion
and Pilling device. The second evaluation was based on
ES ISO 12945-1 at 18,000 cycles according to the ICI
Pilling-Box method using a Mesdan-Lab device, model
no. 1006). Finally, the pilling grade was rated using the
EMPA (SN 19825) photographic standard.

Snagging resistance

A snagging test was evaluated according to ASTM
D3939 after 600 revolutions using an SDL ICI Mace
snagging tester (model no. P22668). The test speci-
mens were graded using the relevant photographic
standard.

Statistical analysis
To determine the analysis of variance and significant

test, SPSS version 25 for Windows statistical software

Table 1: Yarn and knitted fabric characteristics
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was used. Regression analysis was performed using
Origin Lab software (version 9.6.5) to determine the
correlation of factors (yarn parameters) and response
(fabric properties).

3 Results and discussion

Table 1 presents the properties and characteristics
of the yarns used and the developed knitted fabrics.
Except for yarn count and twist levels, all knitted
fabrics were produced using the same yarn property,
knit type and thread density.

Structural properties of knitted fabrics

The structural parameters of the knitted fabrics, such
as stitch density, loop length, cover factor, thickness
and fabric weight were tested and the results are pre-
sented in Table 1.

The fabric cover factor K is defined as the propor-
tion of the fabric area covered by actual yarn and
expressed using equation 1.

e

v m

where T, represents linear density (tex) and ¢ repre-
sents loop length.

Effects of yarn parameters on abrasion resistance
(appearance change)

As seen in Figure 1, the abrasion resistance (appear-
ance change) of knitted fabrics declined from fabric
K1 to K6. This is probably because individual fibres
and neps were not firmly held in the yarn cross-sec-
tion as turns per meter were decreased. Knitted
fabrics made from lower twist yarns had a signifi-
cant abrasion effect (appearance change) since the

Stitch densi- Mass per
Fabric | Yarnlinear | Twist | Knit | Loop length Cover ty (stitch/cm) | Thickness S P
5 = . unit area
code | density (tex) | (m™) type (mm) factor (K) (horizontal/ (cm) (g/m?)
vertical) &
K1 21 920 Plain 4.10 0.96 9/12 0.071 184
K2 21 905 Plain 4.10 0.98 9/12 0.075 189
K3 25 890 Plain 4.12 1.21 9/12 0.082 196
K4 25 860 Plain 4.11 1.26 9/12 0.086 203
K5 30 847 Plain 4.10 1.37 9/12 0.091 211
K6 30 826 Plain 4.08 1.44 9/12 0.096 224
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presence of hairiness and neps were high in lower
twist yarns. As is evident from Figure 1, fabrics K4,
K5 and K6 from coarser yarn counts of 25 tex and
30 tex with lower twists of 860 m™, 847 m™and 826
m™ had a slightly poor abrasion resistance grade in
surface appearance. As stated above, this is because
fibres in the yarn cross-section are not held firmly
and are thus easily pulled by the abradant. As seen
in Table 2, the statistical analysis also confirmed that
abrasion resistance in the appearance change meth-
od resulted in a significant change at an F-value of
13.000 and P-value of 0.033. If the P-value is greater
than 0.05, this means the samples have similar prop-
erties, while the opposite is true if the P-value is less
than o value of 0.05.
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Figure 1: Abrasion resistance of knitted fabrics using
the appearance change method

Twist is an important parameter affecting abrasion.
At low twist levels, it was observed that fibres can be
easily pulled from the yarn cross-section and that
the resistance grade was reduced at 5,000 rubs. At
high twist levels, however, the fibres are held more
tightly, but the yarn is stiffer, so it is unable to distort
under pressure when it is abraded. The findings of
this study are in line with Saville’s report [4]. Multiple
regression analysis showed that the studied yarn pa-
rameters have a positive correlation with the abrasion
resistance (appearance change) of knitted fabrics at
an adjusted R? of 0.801. The adjusted R? value is an
indication of the correlation of yarn properties (fac-
tors) and fabric characteristics (responses). When the
adjusted R? value increases or decreases to 1 or -1,
this indicates a strong correlation between them [34].

Effects of yarn parameters on abrasion resistance
(mass loss)

Asis evident from Figure 2, the knitted fabric weight
mass loss ratio was increased as abrasion cycles in-
creased in all fabrics. Nevertheless, the abrasion
resistance increased as yarn count (tex) increased
and yarn twist decreased. On the other hand, fin-
er counts and higher twist yarns resulted in fabrics
with thinner thickness, which had a high tendency
to be abraded quickly. This, in turn, this led to higher
mass loss ratio. As seen in Figure 2, knitted fabrics
made from 30 tex with a yarn twist of 847 m™ have a
higher abrasion resistance of 96.4-98.9% (mass loss
ratio of 1-3.5%) between 5,000 to 20,000 abrasion
cycles than other developed fabrics. Knitted fabrics
made of 25 tex with a twist per meter (TPM) of 890
m™ and 860 m™' demonstrated moderate abrasion

12

10

Abrasion mass loss ratio (%)

920

Yarn twist (m™") and linear density

m5000 m7500 =10000 ©15000 ©20000

25 tex

Figure 2: Abrasion results of knitted fabrics using the mass loss method (at 5,000, 7,500, 10,000, 15,000 and

20,000 rubs)
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resistance, while knitted fabrics made from a finer
yarn count of 21 tex with the highest yarn twist of
920 TPM demonstrated the highest mass loss ratio of
2.12-10.76% or an abrasion resistance of 89-97.88%.
For this reason, fabrics from coarser yarn are thicker
and bulky, and will require a great deal of time and a
higher number of abrasion cycles to lose their origi-
nal mass. These findings inveterate an earlier report
by Kalaoglu and Onder [5].

Asillustrated in Table 2, the statistical analysis proves
that the abrasion resistance (mass loss method) of
knitted fabric resulted in a insignificant change at
a P-value of 0.660 after 5,000 rubs, and a significant
change at P-values 0f 0.038, 0.000, 0.010 and 0.008 af-
ter 7,500, 10,000, 15,000 and 20,000 rubs, respectively.
The results showed that the correlation of yarn param-
eters and abrasion resistance (mass loss method) was
low at an adjusted R? value of 0.242 after 5,000 rubs.
On the other hand, yarn twist and count were highly
correlated with abrasion resistance at an adjusted R’
value of 98.6% or 0.986 after 20,000 rubs. As observed
from Table 1 and Figure 2, fabric thickness affects the
abrasion resistance of knitted fabrics because thin
fabrics withstand damage during friction for an ex-
tended period, and vice versa for thicker fabrics. The
regression analysis proves that fabric thickness and

Table 2: Analysis of variance of knitted properties
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abrasion mass loss are directly proportionate and cor-
related with an adjusted R? value of 84.3%.

Effects of yarn parameters on pilling resistance
Table 3 illustrates the pilling resistance of knitted
fabrics using the Martindale and ICI Pilling Box
methods. The results obtained from the ICI Pilling
Box method demonstrated a higher pilling resistance
than the pilling grade using the Martindale method
for all knitted fabrics. This is because the ICI Pilling
Box method was performed at a low mechanical
force, while test specimens were dropped randomly
on a wooden board during rotations. However, me-
chanical force is higher in the Martindale tester than
in the ICI Pilling Box method because consistent
friction is formed by the Lissajous pattern form on
the fabric (ISO 12947-1: 1998). In both test methods,
knitted fabrics made from finer ring yarns had a higher
pilling resistance than fabrics from coarser yarns. The
reason for this is that the coarser yarns had less twist
and fibres are easily pulled from the yarn cross-sec-
tion. On the contrary, knitted fabrics from finer yarns
had a compact structure, which means fibres would be
hidden by twist and are hard to raise by the piler. The
researchers Omeroglu and Ulku also reported a similar
concept [2].

Fabric properties Sum of squares Df Mean square F Sig.
Pilling Between groups 0.333 5 0.167 1.333 0.385
(Martindale method) | Within groups 0.375 3 0.125
Pilling Between groups 0.583 5 0.292 13.500 0.004
(ICI Box method) Within groups 0.250 3 0.083
Abrasion resistance Between groups 1.083 5 0.542 13.000 0.033
(appearance change) | Within groups 0.125 3 0.042
Abrasion mass loss Between groups 0.336 5 0.168 0.478 0.660
(at 5,000 rubs) Within groups 1.054 3 0.351
Abrasion mass loss Between groups 4.606 5 2.303 11.589 0.038
(at 7,500 rubs) Within groups 4.348 3 1.449
Abrasion mass loss Between groups 7.293 5 3.646 12.006 0.000
(at 10,000 rubs) Within groups 5.454 3 1.818
Abrasion mass loss Between groups 16.427 5 8.214 8.773 0.010
(at 15,000 rubs) Within groups 13.896 3 4.632
Abrasion mass los Between groups 16.695 5 8.347 11.102 0.008
(at 20,000 rubs) Within groups 22.724 3 7.575

) ) Between groups 3.083 5 1.542 18.500 0.021
Snagging resistance —

Within groups 0.250 3 0.083
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Table 3: Pilling resistance of knitted fabrics

Yarn linear density (tex) Fabric code Evaluation methods
Martindale method ICI Pilling Box
K1 3/4 4-5
21
K2 3 4
K3 3 4
25
K4 3/4 3-4
K5 3 3-4
30
K6 2/3 3-4

As is evident from Table 2, the pilling resistance of
knitted fabrics in the ICI Pilling Box method resulted
in a significant change at an F-value of 13.500 and
P-value of 0.004. On the other hand, knitted fabrics
did not show a significant difference after the pill-
ing property test using a Martindale Abrasion and
Pilling device with an F-value of 1.333 and P-value of
0.385. In previous studies, some researchers reported
a similar concept, i.e. pilling tendency increased as
mass per unit area of polyester-cotton blended fab-
rics increased. [35, 36]. As mentioned above, multiple
regression results proved that the pilling resistance
of knitted fabrics (ICI Pilling Box method) had a neg-
ative correlation with studied yarn parameters with
an adjusted R? value of -0.760.

Effect of yarn parameters on snagging resistance

Snagging resistance was evaluated using ICI photo-
graphic snagging standards, which consists of five
incremental photo replicas, grades 5 to 1. Grade 5
indicates no snagging, grade 4 indicates slight snag-
ging grade 3 indicates moderate snagging, grade 2
indicates sever snagging and grade 1 indicates very
severe snagging. As shown in Figure 3, the snagging
resistance of knitted fabrics decreased as yarn linear
density (tex) increased and twist decreased. Knitted
fabrics K1 and K2 made from 21 and 25 tex had a
higher snagging resistance (grade 4-5), followed by
fabric from 30 tex. The snagging grade also declined
as yarn twist decreased. This is because knitted fab-
rics from higher twist yarns are very strong and fibres
are held firmly in the yarn cross-section, meaning
they are not easily snagged by sharp and rough ob-
jects. As stated in a previous study, yarn strength gen-
erally increases as yarn twist increases (19). However,
fabrics made from coarser yarn with a lower twist
demonstrated a poor snagging grade because yarns
with less yarn twists have low turns per meter in the

yarn cross-section, and are more easily snagged by
sharp materials. These findings confirm an earlier
study by Paek [7].
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Figure 3: Snagging resistance

As shown in Table 2, the snagging resistance of
knitted fabrics was affected by yarn parameters at
an F-value of 18.500 and P-value of 0.021. Multiple
linear regression proved that yarn parameters had
very good correlation with the snagging resistance
of fabrics at an adjusted R2 value of 0.949 (94.9%). In
addition, yarn count and fabric thickness were highly
correlated with the snagging resistance of knitted
fabrics at an adjusted R2 value of 0.898 (89.8%) and
0.955 (95.5%), respectively. Textile materials, such
as knitted fabrics and military cloths, are subjected
to snagging. Rough objects, fingernails or toenails
are some initiators of the snagging effect for knit-
ted fabrics. Therefore, knitted fabric manufacturers
should consider yarn count and twist for the desired
snagging resistance of fabrics.
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4 Conclusion

Six 100% cotton single jersey knitted fabrics were
produced from 21, 25 and 30 tex ring-spun yarns with
different twist levels. The knitted fabrics underwent
half-bleach treatment and drying. The abrasion, pill-
ing and snagging properties of knitted fabrics were
evaluated using a Martindale Abrasion and Pilling
tester, the ICI Pilling Box method and a Mace snag-
ging tester. The results obtained showed that knitted
fabric made from a finer count of 21 tex with high-
est yarn twist of 920 TPM demonstrated the highest
mass loss ratio of 2.12-10.76% (poor abrasion resist-
ance 89-97.88%) between 5,000 to 20,000 abrasion
cycles. On the contrary, single jersey knitted fabrics
made from coarser yarn (30 tex) with the lowest twist
(826 TPM) demonstrated a higher abrasion resistance
of 96.4-98.9% (mass loss 1-3.5%). The pilling pro-
pensity increased as yarn count (tex) increased and
twist decreased. Linear regression results revealed
that yarn count and twist were highly correlated with
abrasion resistance (mass loss method) at an adjust-
ed R’ value of 98.6% or 0.986 after 20,000 rubs. The
snagging resistance of knitted fabrics increased as
yarn twist and yarn fineness increased. Generally,
abrasion resistance was highly affected by the thick-
ness of the fabric, while regression analysis proved
that fabric thickness and mass loss ratio had very
high correlation with an adjusted R2 value of 93.8%.

References

1. OZGUNEY, A.T., DONMEZ, Kretzschmar S.,
OZCELIK, G., OZERDEM, A. The comparison of
cotton knitted fabric properties made of compact
and conventional ring yarns before and after the
printing process. Textile Research Journal, 2008,
78(2), 138-147, doi: 10.1177/0040517507080249.

2. OMEROGLYU, §S., ULKU, S. An investigation
about tensile strength, piling and abrasion prop-
erties of woven fabrics made from conventional
and compact ring-spun yarns. Fibres and Textiles
in Eastern Europe, 2007, 15(1), 39-42.

3. MCCORD, J.P.M. Cotton quality study:
V: Resistance to abrasion. Textile Research
Journal, 1960, 30(10), 715-751, doi:
10.1177/004051756003001001.

4. SAVILLE, B.P. Physical testing of textiles.
Cambridge : Woodhead Publishing, 1999.

5. KALAOGLU, F, ONDER, E., OZIPEK, B. Influence
of varying structural parameters on abrasion char-

10.

11.

12.

13.

14.

15.

16.

195

acteristics of 50/50 wool/polyester blended fabric.
Textile Research Journal, 2003, 73(11), 980-984, doi:
10.1177%2F004051750307301108.
DAIVA, M. The influence of structure parameters
of weft knitted fabrics on propensity to pilling the
influence of structure parameters of weft knitted
fabrics on propensity to pilling. Materials Science
(Medziagotyra), 2009, 15(4), 335-338.
PAEK, S.L. Pilling, abrasion, and tensile prop-
erties of fabrics from open-end and ring spun
yarns 1. Textile Research Journal, 1989, 59(10),
577-583, doi: 10.1177/004051758905901004.
KAYSERI, G.O., KIRTAY, E. Predicting the pill-
ing tendency of the cotton interlock knitted fab-
rics by artificial neural network: part IL. Journal of
Engineered Fibres and Fabrics, 10(4), 2015, 62-71,
doi: 10.1177/155892501501000417.
BELTRAN, R., WANG, L., WANG, X. Predicting
the pilling tendency of wool knits. The Journal of
The Textile Institute, 2006, 97(2), 129-136, doi:
10.1533/joti.2005.0135.
UYANIK, S., TOPALBEKIROGLU, M. The ef-
fect of knit structures with tuck stitches on fabric
properties and pilling resistance. The Journal of
The Textile Institute, 2017, 108(9), 1584-1589, doi:
10.1080/00405000.2016.1269394.
OKUBAYASHL S., CAMPOS, R., ROHRER, C.,
BECHTOLD, T. A pilling mechanism for cellu-
losic knit fabrics - effects of wet processing. The
Journal of The Textile Institute, 2005, 96(1), 37-41,
doi: 10.1533/j0t1.2004.0055.
CANDAN, C., ONAL, L. Dimensional, pill-
ing, and abrasion properties of weft knits made
from open-end and ring spun yarns. Textile
Research Journal, 2002, 72(2), 164-169, doi:
10.1177/004051750207200213.
AKAYDIN, M., CAN, Y. Pilling performance
and abrasion characteristics of selected basic
weft knitted fabrics. Fibres and Textiles in Eastern
Europe, 2010, 18(2), 51-54.
EL-DESSOUKI, H.A.A. Study on abrasion character-
istics and pilling performance of socks. International
Design Journal, 2010, 4(2), 229-234, https://
www.faa-design.com/files/4/10/4-2-desoki.pdf.
BUSILIENE, G., LEKECKAS, K., URBELIS,
V. Pilling resistance of knitted fabrics pilling
resistance of knitted fabrics. Materials Science
(Medziagotyra), 2011, 17(3), 297-301, doi: 10.5755/
j01.ms.17.3.597.
AKTER, S., ALFARUQUE, M.A.,, ISLAM, M.M.
Effect of stitch length on different properties of



196

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tekstilec, 2021, Vol. 64(3), 188-196

plain single jersey fabric. International Journal of
Modern Engineering Research, 2017, 7(3), 71-75.
ASSEFA, A., GOVINDAN, N. Physical prop-
erties of single jersey derivative knitted cotton
fabric with tuck and miss stitches. Journal of
Engineered Fibres and Fabrics, 2020, 15, doi:
10.1177/1558925020928532.

INCE, M.E. The effect of number and position
of tuck stitches within the pattern repeat on air
permeability of weft-knitted fabrics from glass
yarn. Academic Perspective Procedia, 2019, 2(3),
317-323, doi: 10.33793/acperpro.02.03.2.
SHAHID, M.A., HOSSAIN, M.D., NAKIB-UL-
HASAN, M., ISLAM, M.A. Comparative study
of ring and compact yarn-based knitted fabric.
Procedia Engineering, 2014, 90(1), 154-159, doi:
10.1016/j.proeng.2014.11.829.

SIDDIKA, A., UDDIN, M.N,, JALIL, M.A,,
AKTER, N.N,, SAHA, K. Effects of carded and
combed yarn on pilling and abrasion resistance of
single jersey knit fabric. IOSR Journal of Polymer
and Textile Engineering, 2017, 4(2), 39-43, doi:
10.9790/019X-04023943.

KANE, C.D,, PATIL, UJ.,, SUDHAKAR, P. Studies
on the influence of knit structure and stitch
length on ring and compact yarn single jersey
fabric properties. Textile Research Journal, 2007,
77(8), 572-582, doi: 10.1177/0040517507078023.
MILASIUS, V., MILASIUS, R, KUMPIKAITE, E,,
OLSAUSKIENE, A. Influence of fabric structure on
some technological and end-use properties. Fibres
& Textiles in Eastern Europe, 2003, 41(2), 48-51.
ATALIE, D., GIDEON, R. K., FEREDE, A,
TESINOVA, P., LENFELDOVA, I. Tactile com-
fort and low-stress mechanical properties of half-
bleached knitted fabrics made from cotton yarns
with different parameters. Journal of Natural Fibres,
2019, in press, doi: 10.1080/15440478.2019.1697989.
ORTLEK, H.G., TUTAK, M., YOLACAN, G.
Assessing colour differences of viscose fabrics
knitted from vortex-, ring- and open-end ro-
tor-spun yarns after abrasion. The Journal of
The Textile Institute, 2010, 101(4), 310-314, doi:
10.1080/00405000802399528.

MOHAMED, M.H., LORD, P.R. Comparison
of physical properties of fabrics woven
from open-end and ring spun yarn. Textile
Research Journal, 1973, 43(3), 154-166, doi:
10.1177%2F004051757304300306.

BECEREN, Y., NERGIS, B.U. Comparison of
the effects of cotton yarns produced by new,

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

modified and conventional spinning systems
on yarn and knitted fabric performance. Textile
Research Journal, 2008, 78(4), 297-303, doi:
10.1177/0040517507084434.

ALTAS, S., KADOGLU, H. Comparison of con-
ventional ring mechanical compact and pneu-
matic compact yarn spinning systems. Journal of
Engineered Fibres and Fabrics, 2012, 7(1), 87-100,
doi: 10.1177/155892501200700110.

BLACK, D.H. Knitting with cotton and cotton blend
open-end spun yarns. Textile Research Journal, 1975,
45(1), 48-53, doi: 10.1177%2F004051757504500109.
ORTLEK, H.G., ONAL, L. Comparative study on
the characteristics of knitted fabrics made of vor-
tex-spun viscose yarns. Fibres and Polymers, 2008,
9(2), 194-199, doi: 10.1007/s12221-008-0031-3.
KRETZSCHMAR, S.D., OZGUNEY, A.T.,
OZCELIK, G., OZERDEM, A. The comparison
of cotton knitted fabric properties made of com-
pact and conventional ring yarns before and after
the dyeing process. Textile Research Journal, 2007,
77(4), 233-241, doi: 10.1177/0040517507076745.
YANG, C.Q., ZHOU, W., LICKFIELD, G.C,,
PARACHURA, K. Cellulase treatment of dura-
ble press finished cotton fabric: effects on fabric
strength, abrasion resistance, and handle. Textile
Research Journal, 2003, 73(12), 1057-1062, doi:
10.1177/004051750307301205.

CANDAN, C., NERGIS, U.B., IRIDAG, Y.
Performance of open-end and ring spun yarns in
weft knitted fabrics. Textile Research Journal, 2000,
70(2), 177-181, doi: 10.1177/004051750007000215.
ATALIE, D., GIDEON, R. Prediction of psycho-
logical comfort properties of 100% cotton plain
woven fabrics made from yarns with different
parameters. Tekstilec, 2020, 63(1), 60-67, doi:
10.14502/Tekstilec2020.63.60-67.

ISO12947-1. Textiles - Determination of the
abrasion resistance of fabrics by the Martindale
method - Part 1: Martindale abrasion testing
apparatus. Geneva : ISO Copyright Office, 1998.
AKTER, Smriti S., ISLAM, Md. Azharul. An ex-
ploration on pilling attitudes of cotton polyester
blended single jersey knit fabric after mechanical
singeing. Science Innovation, 2015, 3(1), 18-21,
doi: 10.11648/.51.20150301.12.

ASIF, A,, RAHMAN, M., FARHA, F.I Effect of
knitted structure on the properties of knitted fab-
ric. International Journal of Science and Research
(IJSR), 2015, 4(1), 1231-1235, <https://www.ijsr.
net/get_abstract.php?paper_id=SUB15355>.



