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Abstract: Using Polylactic acid (PLA) fibers in textiles may be accepted as a sustainable manner in terms of their 
being biodegradable under specific conditions, unlike traditional synthetic fibers like polyester or nylon, which 
take a long time to break down and contribute to environmental pollution. Additionally, PLA fibers break down 
into simpler compounds, reducing environmental impact. This study investigates the effect of some weft yarn 
properties such as weft yarn types including PLA yarn, recycled PET-Trevira yarn, Polyester yarn, and the weft den-
sity factors on tear strength, air permeability, and some fastness properties of plain, twill, and satin fabrics. 9 dif-
ferent types of plain, twill, and satin fabric groups were produced by using 3 different weft yarn types (Polyester, 
recycled Polyester-Trevira, PLA) at the 3 different weft densities (24,26,28 threads/cm for plain, 32, 34,36 threads/
cm for twill, 36,38,40 threads/cm for satin groups) were produced where a total of 27 different drapery samples 
were obtained. SPSS Statistical analyses and bar graphs were used for the evaluation of the results. Randomized 
two-way ANOVA was used at the significance level of 0.05 among the plain, twill, and satin groups separately. Ad-
ditionally, SNK tests were also performed to observe the means of each parameter. General evaluations of wash-
ing, dry cleaning, and rubbing fastness of dyed fabrics were also inserted.

Keywords: PLA, drapery fabrics, weft yarn type, tear strength, air permeability.  

ISTRAŽIVANJE EFEKTA KORIŠĆENJA PLA PREĐA 
POTKE NA NEKA SVOJSTVA TKANINE

Apstrakt: Upotreba vlakana polimlečne kiseline (PLA) u tekstilu može se prihvatiti kao održiv način u smislu da 
su biorazgradiva pod određenim uslovima, za razliku od tradicionalnih sintetičkih vlakana poput poliestera ili 
najlona, kojima je potrebno mnogo vremena da se razbiju i doprinesu zagađenju životne sredine. Pored toga, 
PLA vlakna se raspadaju u jednostavnija jedinjenja, smanjujući uticaj na životnu sredinu. Ova studija istražuje 
uticaj nekih svojstava pređe potke, kao što su vrste prediva, uključujući PLA predivo, reciklirano PET-Trevira predi-
vo, poliestersko predivo i faktore gustine potke na snagu kidanja, propustljivost vazduha i neka svojstva posto-
janosti običnog, kepera i satenske tkanine. Devet različitih tipova običnih, keperovih i satenskih grupa tkanina 
proizvedeno je korišćenjem 3 različite vrste prediva (poliester, reciklirani poliester-Trevira, PLA) pri 3 različite gu-
stine potke (24,26,28 niti/cm za obične, 32, 34,36 niti/cm za keper, 36,38,40 niti/cm za satenske grupe) pri čemu je 
dobijeno ukupno 27 različitih uzoraka draperije. Za ocenu rezultata korišćene su SPSS statističke analize i trakasti 
grafikoni. Randomizovana dvosmerna ANOVA je korišćena na nivou značajnosti od 0,05 među grupama obične, 
keperove i satenske odvojeno. Pored toga, SNK testovi su takođe sprovedeni da bi se posmatrala sredina svakog 
parametra. Takođe su ubačene opšte ocene o pranju, hemijskom čišćenju i trljanju obojenih tkanina.

Ključne reči: PLA, tkanine za draperije, tip prediva potke, čvrstoća na kidanje, propustljivost vazduha.
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1. INTRODUCTION
The advancement of biopolymers has gained mo-

mentum due to the implementation of environmental 
regulations governing waste management. Forecasts 
indicate that biodegradable polymers will play pivotal 
roles in upcoming industries. These polymers fall into 
three primary categories: (1) natural biopolymers like 
cellulose, starch, chitin, and polysaccharides; (2) syn-
thetic polymers generated through polymerization, 
such as polylactic acid (PLA) and poly(€-caprolactone) 
(PCL); and (3) composite polymers like PCL/starch. PLA 
stands out among these categories as one of the most 
extensively researched. It is a linear, aliphatic, ther-
moplastic polyester derived from lactic acid, sourced 
entirely from renewable origins like corn. The distinct 
properties of PLA products, including low raw mate-
rial costs, access to renewable agricultural resources, 
and high biodegradability, make them exceedingly 
marketable. Notably, microorganisms in the environ-
ment can fully break down PLA into CO2 and H2O due 
to its high biodegradability. Owing to their multitude 
of advantages, PLA-based products find wide-rang-
ing applications across diverse industries.

Specifically, efforts in research to broaden the use 
of PLA fibers in the textile sector have resulted in the 
creation of diverse PLA fiber types, including nonwo-
ven, woven, and knit fabrics. These fibers have gained 
significant traction within the textile industry as a bi-
omass material due to their comparable properties 
to polyethylene terephthalate (PET). Indeed, there’s 
a recognized potential for PLA fibers to replace con-
ventional petrochemical-based polymers commonly 
used in textiles. To incorporate PLA fibers into cloth-
ing materials within the textile sector, it’s crucial to 
comprehend their degradation characteristics and 
understand effective degradation methods. However, 
despite their potential, many wastes from industries 
like textiles, films, plastics, or nonwovens often remain 
uncollected and unrecycled due to the high costs 
involved in processing. PLA, a highly versatile poly-
mer with vast potential, finds extensive applications 
across diverse industries, including textiles and med-
icine. Numerous studies have extensively explored its 
thermal and crystallization characteristics [1-9].

There are some early works related to utilizing of 
PLA in textile. Poly lactic acid (PLA) and ramie fibre (RF) 
core spun yarns were produced in order to a provide 
a novel fabrication technology with the combination 
of two-dimensional (2D) braiding and three-dimen-
sional (3D) weaving [9]. RF/PLA core-spun yarns were 
employed as weft yarns, and RF/PLA combined yarns 
as the warp and Z-directional yarns to weave 3D or-

thogonal woven fabrics on a 3D weaving loom.  The 
tensile strength of RF ply yarn composites shows an 
initial rise followed by a decline as the twist ratio in-
creases. It peaks at the maximum tensile strength of 
60.4 MPa when the twist ratio reaches 0.3. Optimal 
curing conditions of 190, 5 MPa, and 30 minutes result 
in the 3D RF/PLA composites exhibiting their highest 
flexural and shearing properties, specifically observed 
at a 50% RF content level [9].

 The biodegradability of polylactic acid (PLA) non-
wovens was evaluated using enzymatic degradation. 
The findings proposed the mechanism of enzymat-
ic degradation of PLA nonwovens, which might be 
useful for waste management in the textile industry 
[10]. PLA samples were produced through 3D print-
ing, exhibiting various cross-sectional shapes and 
configurations, some integrating post-tensioning 
ducts while others lacking them. Prior to insertion, 
experimental assessments were conducted on con-
tinuous jute and flax reinforcing fiber strands to as-
certain their mechanical characteristics. These strands 
were subsequently subjected to post-tensioning at 
predetermined stress levels and affixed in position 
using 3D-printed anchors. The research investigat-
ed the influence of factors such as fiber type, matrix 
cross-sectional shape, number of reinforcing strands, 
and the degree of post-tensioning on specific me-
chanical properties of PLA (such as strength, stiffness, 
and rigidity-to-weight) through both tensile and flex-
ural mechanical assessments [11].  Although these 
examples of the early literature may be increased, 
it has been understood that there is a gap in the lit-
erature related to investigation of fabric properties 
having Poly lactic acide fibres as a raw material. This 
work has aimed to make a comparative evaluation for 
tear strength, air permeability and some fastness re-
sults  of plain, twill and satin drapery woven samples 
produced from different weft yarns such as polyester, 
recycled Trevira, Polylactic acide (PLA) at different 
weft densities (24,26,28 threads/cm for plain, 32,34,36 
threads/cm for twill, 36,38,40 threads/cm for satin 
groups) by using the same warp yarn of 22 dtex poly-
ester at the constant warp density of 40 threads/cm. 

2. EXPERIMENTAL 

2.1. Material Preparation 
This study has been conducted to perform a com-

parative study for the evaluation of tearing strength, 
washing, dry-cleaning and rubbing fastness of plain, 
twill and satin woven samples produced from poly-
ester, polylactic acid and recycled polyester-Trevira 
weft yarn at different weft densities. The plain sam-
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ples were woven at the weft densities of 24,26 and 
28 threads/cm, twill samples were woven at the weft 
densities of 32,34 and 36 threads/cm while satin sam-
ples were woven at the weft densities of 36,38 and 40 
threads/cm. The draw texturized polyester and recy-
cled Polyester-Trevira yarn (%50 / %50) and biopoly-
mer based polylactic acid yarns were provided as the 
weft yarn. 22 dtex polyester warp yarn was used at the 
warp density of 40 threads/cm for all drapery sam-

ples. The utilized weft yarn properties are indicated 
below in table 1, while the experimental plan for the 
fabric production is displayed in table 2.  The woven 
drapery fabrics  with Polyester, recycled Polyeseter- 
Trevira  weft yarn and PLA weft yarn were exposed to 
dyeing process with the relevant recipe. The dyeing 
process for the fabric samples with PLA weft yarn are 
indicated below in Figure 1.  

Table 1:  Weft yarn properties 

dtex/fil elongation (%) Breaking tenacity 
(cN/dtex)

Number of 
intermingling

Hot air 
shrinkage (%)

Polyester 167/108                19.9 6.6 108 6

Recycled Polyester- Trevira 
(50%-50%) 167/64                  32.0 6.1 79 4

Polylactic Acide (PLA) 167/48                  27.3 2 19 10

Table 2. Fabric Production Parameters

Fabric code Weft yarn type Weaving type Weft density
(threads/cm)

Warp density
(threads/cm) Warp yarn type 

P24

167/108 dtex/fil  Intermingled 
Polyester

Plain

24

          40
22 dtex Polyester

P26 26

P28 28

T24
167/64 dtex/fil Intermingled 

Recycled Polyester-Trevira
(%50/50)

24
T26 26

T28 28

PL24
167/48 dtex/fil Intermingled PLA 

24
PL26 26
PL28 28
P32

167/108 dtex/fil  Intermingled 
Polyester 

Twill

32
P34 34

P36 36

T32 167/64 dtex/fil Intermingled 
Recycled Polyester-Trevira

(%50/50)

32
T34 34
T36 36

PL32
167/48 dtex/fil Intermingled PLA

32
PL34 34
PL36 36
P36

167/108 dtex/fil  Intermingled 
Polyester

Satin

36
P38 38

P40 40

T36
167/64 dtex/fil Intermingled 

Recycled Polyester-Trevira 
(%50/50)

36
T38 38

T40 40

PL36
167/48 dtex/fil Intermingled PLA 

36
PL38 38
PL40 40
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2.2. Method
The samples were conditioned for 24 h in stand-

ard atmospheric conditions (at the temperature of 20 
± 2 °C and relative humidity of 65 ± 2%) before the 
performed tests. The ability to resist tearing in textiles 
stands as a crucial attribute, especially concerning 
drapery fabrics. In pre-cracked samples subjected to 
a static load, a specific area known as the “del zone” 
emerges due to the stretching and consecutive break-
age of yarn groups within the fabric. As tearing pro-
gresses, the del zone advances in the tearing direction 
through continued sliding of longitudinal yarns and 
stretching of transverse yarns [12,13]. To assess the 
tearing strength of shirting fabrics, measurements of 
dynamic tear strength (N) values were recorded. The 
weft-wise dynamic tear strength tests were conduct-
ed using the Titan test device (AYGENTEKS) placed in 
Vanelli Textile laboratory (Bursa, Turkey) according to 
ISO 13937-3:2000 test standard [14]. Air permeability 
of samples were also measured via SDL Atlas Digital 
Air Permeability Tester Model M021 A according to EN 
ISO 9237 standard  [15].  Additionally, washing fast-
ness, dry cleaning fastness and rubbing fastness val-
ues were evaluated according to to EN ISO 105-C06, 
ISO 105 - D01 and DIN ISO 105 X12 2016 test stand-
ards respectively [16-18]. James Heal’s Color Fastness 
Tester “GyroWash 415”  was utilized for washing and 
dry cleaning fastness measurement while Crockmeter 
rubbing fastness-tester was utilized for the rubbing 
fastness measurement. The grey scale was benefited 
from for determining the fastness grades. According 
to Grey Scale, 1-2-3-4-5 are rating classes also half rat-
ing values can be used like 4-5 (1- very poor, 2- poor, 
3-fair, 4-good and 5-excellent).   

2.3. Statistical Analysis
A completely randomized two-factor analysis of 

variance (ANOVA) was conducted to assess the in-
fluence of weft yarn type and weft density on tear 
strength and air permeability properties within plain, 
twill, and satin drapery fabric samples. SNK tests were 

employed to compare the means, and treatment lev-
els distinguished by different letters (a, b, c) indicate 
significant differences at a significance level of 0.05. 
Statistical analyses were carried out using the SPSS 23 
Statistical software package.

3. RESULTS AND DISCUSSION 

3.1. Tear Strength 
Tear is characterized by the consecutive break-

age of yarn groups within the fabric and serves as a 
crucial mechanical parameter directly assessing ser-
viceability. Fabrics with low tear strength are deemed 
inferior products. This particular property is affected 
by variations in yarn and fabric geometry, fiber relax-
ation, and frictional characteristics. Existing literature 
underscores that tightly woven fabric constructions 
limit yarn movement, whereas loose and open fab-
ric constructions enable yarns to slide more freely 
[19-21]. According to Figure 2; regarding to weaving 
construction, plain woven samples provided lower 
tear strength results compared to their counterparts 
with those twill and satin woven samples. This may 
be attributed to the different of yarn float lengths 
between the different weaving constructions.  The 
weaving construction of twill and satin fabrics incor-
porates longer yarn floats, leading to increased yarn 
sliding when subjected to tear force. Literature high-
lights that the quantity of yarn intersections per unit 
repeat significantly impacts the tear force of fabric 
in both warp and weft directions. Longer yarn floats 
allow greater freedom for yarns to slide and involve 
more threads contributing to tear resistance. Conse-
quently, weaving patterns with fewer intersections, 
like twill and satin, are anticipated to offer higher 
tear strength due to increased yarn freedom to slide, 
compared to patterns with more intersections, such 
as plain weaving [19-21].  Considering the weft yarn 
type, generally  samples with PLA weft yarn reveal 
lower tear strength results compared to those with 
polyester and recycled Polyester-Trevira weft yarns 
prominently for the plain, twill and satin groups. This 
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is probably because of the lower yarn tensile strength 
of PLA as indicated in Table 1. When it comes to weft 
density, there is a slight increase for the  tear strength 
as the weft density increases  from 26 threads /cm to 
28 threads/cm for the woven samples with PET, PLA 
and Trevira weft yarn among the plain sample groups. 
However, the tearing strength decreased as the weft 
density increased among the woven fabrics with recy-
cled Polyester- Trevira weft yarn among the twill sam-
ple groups.  The same trend was also observed among 
satin group with polyester weft yarn. 

Apart from employing bar graphs, a two-way ANO-
VA (as shown in table 3) was utilized to analyze the 
impact of weft yarn type and weft density on the tear 
strength of plain, twill, and satin fabric groups individu-
ally. The means were compared by means of SNK tests 
(table 4). According to ANOVA table, weft yarn type and 
weft density were significant factors on tear strength 
values of plain samples while interaction of weft yarn 
type and weft density were non-significant on air per-
meability of plain samples. Among twill samples, weft 
density and the interaction of weft yarn type and weft 
density factors were non-significant factors  on tear 
strength of twill samples while weft yarn type was a sig-
nificant factor at significant level of 0.05. When it comes 
to satin groups, weft yarn type, was a  significant factor 
while weft density and the interaction of weft yarn type 
and weft density were non-significant factors on tear 
strength of satin groups at significant level of 0.05. SNK 
results also indicated that plain,twill and satin samples 
produced from Polyester, recycled Polyester-Trevira 

and PLA weft yarns possessed different tear strength 
results at significant level of 0.05 (table 4). Considering 
weft yarn type; samples from PLA weft yarn revealed 
the minimum tear strength among plain, twill and 
satin groups while samples from polyester weft yarn 
provided the highest tear strength among plain, twill 
and satin groups. Considering the weft density; sam-
ples with the weft density of 24 threads/cm indicated 
the minimum tearing strength while samples with the 
weft density of 26 and 28 threads/cm provided higher 
tearing strength which were observed under the same 
subset among the plain groups. Additionally tearing 
strength of  samples with the weft density of 32,34 and 
36 threads/cm were observed under the same subset 
at significance level of 0.05 among twill groups and 
the tearing strength of samples with the weft density 
of 36,38 and 40 threads/cm were observed under the 
same subset  among the  satin groups  

Table 3: ANOVA results for tear strength of Plain, 
Twill and Satin Samples

Main source Plain Twill Satin

weft yarn type 0.00* 0.00* 0.00*

weft density 0.00* 0.90 0.74*

weft yarn type* weft density 0.55 0.26* 0.10*

* significantly important
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Table 4: SNK results for tear strength

Parameter:
Weft yarn  
type

Plain Twill Satin

Polyester 36.67 b 60.64 b 46.87 c

Recycled  
Poylester-Trevira 37.65 b 54.47 b 40.84 b

PLA 11.93 a 25.90 a 16.66 a

Parameter :
Weft density

Plain Twill Satin

24 24.38 a 32 46.15 a 36 35.40 a

26 29.37 b 34 46.99 a 38 33.95 a

28 32.50 b 36 47.88 a 40 35.03 a

The different letters next to the counts indicate that 
they are significantly different from each other at a 

significance level of 0.05

3.2. Air Permeability
Air permeabiity of drapery fabrics should be con-

sidered for wind penetration and this property  may be 
influenced from the  raw material and fabric structural 
property [22-25]. Figure 3 reveals the air permeability 
results of woven samples. Regarding to weaving type, 
plain samples generally indicated higher air permea-
bility results compared to twill and satin groups. High-
est value was obtained from T24 coded plain fabrics 
produced from recycled Polyester- Trevira weft yarn 
at 24 weft density while minimum value was found 
among P36 coded twill fabrics produced from polyes-
ter weft yarn at  the 36 weft density. Another remark-
able result was the decrement of the air permeability 
as the weft density increased among each  plain, twill 
and satin groups with different weft yarn. The result is 
attributed to higher number of  intersections of warp 
and weft yarns as the weft density increased. 

To assess the impact of weft density and weft 
yarn type on the air permeability of samples, a 
two-factor analysis of variance (ANOVA) test was car-
ried out within the plain, twill, and satin groups. The 
significance values (p-values) linked to F-tests for the 
two-way completely randomized ANOVA tests were 
presented in Table 5 [22]. SNK results for air permea-
bility was also displayed in table 5.  ANOVA results in-
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dicated that weft yarn and weft density factors were 
significantly influential factors on air permeability 
of plain, twill and satin fabric groups at significant 
level of 0.05. Interaction of these two factors were 
only significant on the twill fabric groups at signifi-
cant level of 0.05. SNK results also revealed that plain 
,twill and satin samples produced from different weft 
density and from different weft yarn type possessed 
different air permeability results at significant ratio of 
0.05 (table 6). Among the plain groups, samples pro-
duced from PLA weft yarn indicated the minimum air 
permeability result while samples with recycled Pol-
yester-Trevira weft yarn revealed the highest air per-
meability value. On the other hand, among the twill 
groups,air permeability of  samples with PLA and 
recycled Polyester-Trevira weft yarn were under the 
same subset at significance level of 0.05. and higher 
than air permeability of samples with Polyester weft 
yarn. Finally among the satin groups, samples with 
Polyester weft yarn indicated the minmimum value 
while samples with PLA weft yarn revealed the high-
est air permeability value. Considering the weft den-
sity, SNK results showed that the air permeability val-
ues decreased as the weft density increased among 
plain,twill and satin groups. 

Table 5: ANOVA results  
for air permeability

Main source Plain Twill Satin

weft yarn type 0.00* 0.00* 0.00*

weft density 0.00* 0.00* 0.00*

weft yarn type* weft 
density 0.48 0.00* 0.07

* significantly important

Table 6: SNK results for air permeability

Parameter:
Weft yarn 
type 

Plain Twill Satin

Polyester 1006.22 b 305.22 a 267.11 a

Recycled 
Polyester- 
Trevira

1218.22 c 504.00 b 385.66 b

PLA 848.22 a 501.00 b 461.11 c

Parameter:
Weft 
density 
(threads/
cm)

Plain Twill Satin

24 1300 c 32 511.22c 36 399.33 b

26 1007 b 34 440.67 b 38 390.00 b

28 764.89 a 36 358.33 a 40 326.55 a

The different letters next to the counts indicate that 
they are significantly different from each other at a 

significance level of 0.05

3.3. Washing fastness, dry cleaning 
fastness and rubbing fastness 

Greige and dyed  drapery fabrics’ washing fastness 
and dry cleaning fastness and rubbing fastness  were  
evaluated according to EN ISO 105-C06, ISO 105 - D01 
and DIN ISO 105 X12 2016 test standards respectively. 
Table 7 demonstrates the evaluation of changes in the 
original fabric and grey scale staining for washing fast-
ness, dry cleaning, and rubbing fastness. The washing 
fastness outcomes generally indicated satisfactory 
results concerning staining and color change evalu-
ations across the plain, twill, and satin fabric groups 
utilizing different weft yarn types. The washing fast-
ness properties of samples were grade of 5 for stain-
ing on different fabrics and 4/5 for sample change 
assessment. When it comes to dry cleaning fastness 
results, the plain, twill and satin samples from polyes-
ter and recycled polyester - Trevira weft yarns revealed 
satisfying grade of 5 for staining and grade of 4/5 for 
color change. However the results varied between the 
grade of 2 and 3 for staining and grade of 4/5 for color 
change assessment for plain, twill and satin samples 
produced from PLA weft yarns. Considering rubbing 
property, dry rubbing fastness results of samples and 
wet rubbing fastness results  were close to each oth-
er among all samples. Additionally, there was a very 
slight decrement for the wet rubbing fastness results 
compared to dry rubbing fastness results among 
some of the sample groups.
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4. CONCLUSION 
PLA (polylactic acid) fiber is a biodegradable and 

renewable resource derived from natural materi-
als like corn starch or sugarcane. Its usage in textiles 
aligns with sustainability for its high biodegradabili-
ty, being as a renewable resource, its requiring less 
energy compared to production of some other syn-
thetic fibres and its being biocompatible to most of 
environmental processes [1-9]. This study has been 
performed to reveal the effect of different weft yarn 
types including Polyl lactic acide (PLA) yarn, recycled 
PET-Trevira yarn, Polyester yarn and the effect of dif-
ferent weft densities (24,26,28 threads/cm for plain, 
32,34,36 threads/cm for twill, 36,38,40 threads/cm for 
satin groups) on tear strength, air permeability and on 
some fastness results  of plain, twill and satin drapery 

fabrics. As per both the bar graphs and ANOVA analy-
ses, the type of weft yarn significantly influenced tear 
strength and air permeability in the plain, twill, and 
satin sample groups. Among these samples, those 
with PLA weft yarn displayed lower tear strength val-
ues compared to counterparts using Polyester and re-
cycled Polyester-Trevira weft yarn. The impact of weft 
density on tear strength exhibited variations based on 
the woven structure, as indicated by the SNK results 
for tear strength.

Considering air permeability, plain fabrics gener-
ally revealed more satisfactory results compared to 
twill and satin samples. ANOVA results indicated that 
weft yarn and weft density factors were significantly 
influential factors on air permeability of plain ,twill 
and satin fabric groups at significant level of 0.05. 
SNK results showed that samples with PLA weft yarn 

Table 7:  Washing , dry cleaning, rubbing  fastness of plain, twill and satin fabrics  
TS EN ISO 105-C06, ISO 105 - D01, DIN ISO 105 X12 2016

Washing fastness Dry cleaning 
fastness

Rubbing 
fastness

Fabric 
code

Staining 
on 

acetate

Staining
 on 

cotton

Staining
 on 

polyamide

Staining
 on 

polyester

Staining
 on 

acrylic

Staining
 on 

wool
Change 

assestment staining
Change 

assestment dry wet

P24 5 5 5 5 5 5 4/5 5 4/5 5 5
P26 5 5 5 5 5 5 4/5 5 4/5 5 5
P28 5 5 5 5 5 5 4/5 5 4/5 5 4/5
T24 5 5 5 5 5 5 4/5 5 4/5 5 5
T26 5 5 5 5 5 5 4/5 5 4/5 5 5
T28 5 5 5 5 5 5 4/5 5 4/5 5 5

PL24 5 5 5 5 5 5 4/5 3 4/5 5 4/5
PL26 5 5 5 5 5 5 4/5 2/3 4/5 5 5
PL28 5 5 5 5 5 5 4/5 2/3 4/5 5 4/5
P32 5 5 5 5 5 5 4/5 5 4/5 5 4/5
P34 5 5 5 5 5 5 4/5 5 4/5 5 4/5
P36 5 5 5 5 5 5 4/5 5 4/5 5 4/5
T32 5 5 5 5 5 5 4/5 5 4/5 5 5
T34 5 5 5 5 5 5 4/5 5 4/5 5 5
T36 5 5 5 5 5 5 4/5 5 4/5 5 5

PL32 5 5 5 5 5 5 4/5 3 4/5 5 5
PL34 5 5 5 5 5 5 4/5 2 4/5 5 5
PL36 5 5 5 5 5 5 4/5 2/3 4/5 5 5
P36 5 5 5 5 5 5 4/5 5 4/5 5 4/5
P38 5 5 5 5 5 5 4/5 5 4/5 5 4/5
P40 5 5 5 5 5 5 4/5 5 4/5 5 4/5
T36 5 5 5 5 5 5 4/5 5 4/5 5 4/5
T38 5 5 5 5 5 5 4/5 5 4/5 5 4/5
T40 5 5 5 5 5 5 4/5 5 4/5 5 4/5

PL36 5 5 5 5 5 5 4/5 2/3 4/5 5 5
PL38 5 5 5 5 5 5 4/5 2/3 4/5 5 5
PL40 5 5 5 5 5 5 4/5 2 4/5 5 5
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provided better air permeability results compared to 
samples with polyester weft yarn among twill and sat-
in groups however they indicated lower air permea-
bility compared to those with polyester and recycled 
Polyester-Trevira weft yarn among plain groups . Con-
sidering the weft density, SNK results also showed that 
the air permeability values deterioriated as the weft 
density increased among all woven structure groups.  
The washing fastness results were generally satisfying 
for all plain, twill and satin fabric groups with differ-
ent weft yarn type. However the dry cleaning fastness 
results varied between the grade of 2 and 3 for stain-
ing and grade of 4/5 for color change assessment for 
plain,twill and satin samples produced from PLA weft 
yarns. 

As a general evaluation using PLA  yarns in the 
drapery fabric production may be a good alternative 
which can attract conscious consumers for eco-friend-
ly products. Despite many advantages, the challenges 
with PLA fibres including higher production costs, po-
tential limitations in terms of durability and some oth-
er mechanical restricting features in the fabrics should 
be considered. However, since PLA fibers offer a sus-
tainable way for reducing the environmental impact 
of textile production, there should be more ongoing 
research and technological advancement aiming to 
address these limitations.

ACKNOWLEDGEMENT 
The authors extend their gratitude to BURSA UL-

UDAĞ UNIVERSITY for providing the test devices lo-
cated in the Textile Engineering Department labora-
tory. Additionally, they express their appreciation to 
VANELLI TEXTILE (BURSA, TURKEY) and POLYTEKS A.Ş 
(BURSA, TURKEY) for their invaluable contributions 
throughout the sample production and fabric testing 
processes.

REFERENCES
[1] Dugan, J. S. (2001). Novel properties of PLA fib-

ers.  International Nonwovens Journal, 10(3), 29-33. 
10(3):29-33.

[2] Auras, R., Lim, L.T, Selke, S.E.M., and Tsuji, H. (2010), 
‘Poly(lactic acid): Synthesis, Structures, Properties, Pro-
cessing, and Applications’ A John Wiley & Sons,Inc., 
Publication.

[3] Tungtriratanakul, S., Setthayanond, J., Avinc, O., 
Suwanruji, P., Sae-Bae, P. (2016). Investigation of 
UV protection, self-cleaning and dyeing properties 
of nano TiO2-treated poly (lactic acid) fabric. Asian 
Journal of Chemistry, 28(11), 2398-2402.

[4] Tsuji, H., Ikada, Y. (1996). Crystallization from the 
melt of poly (lactide) s with different optical puri-
ties and their blends. Macromolecular Chemistry and 
Physics, 197(10), 3483-3499.

[5] Tsuji, H., Ikada, Y. (1997). Blends of crystalline and 
amorphous poly (lactide). III. Hydrolysis of solu-
tion‐cast blend films. Journal of applied polymer sci-
ence, 63(7), 855-863.

[6] Tsuji, H., & Ikada, Y. (1999). Stereocomplex forma-
tion between enantiomeric poly (lactic acid) s. XI. 
Mechanical properties and morphology of solu-
tion-cast films. Polymer, 40(24), 6699-6708.

[7] Yamane, H., Sasai, K. (2003). Effect of the addition of 
poly (D-lactic acid) on the thermal property of poly 
(L-lactic acid). Polymer, 44(8), 2569-2575.

[8] Urayama, H., Kanamori, T., Fukushima, K., Kimu-
ra, Y. (2003). Controlled crystal nucleation in the 
melt-crystallization of poly (l-lactide) and poly 
(l-lactide) / poly (d-lactide) stereocomplex.  Poly-
mer, 44(19), 5635-5641.

[9] Yang, X., Fan, W., Ge, S., Gao, X., Wang, S., Zhang, 
Y., Xia, C. (2021). Advanced textile technology for 
fabrication of ramie fiber PLA composites with en-
hanced mechanical properties.  Industrial Crops and 
Products, 162, 113312.

[10] Lee, S. H., Kim, I. Y., Song, W. S. (2014). Biodegra-
dation of polylactic acid (PLA) fibers using different 
enzymes. Macromolecular Research, 22, 657-663.

[11] Hinchcliffe, S. A., Hess, K. M., Srubar III, W. V. (2016). 
Experimental and theoretical investigation of pre-
stressed natural fiber-reinforced polylactic acid 
(PLA) composite materials. Composites Part B: Engi-
neering, 95, 346-354.

[12] Teixeira, N.A, Platt, M.M., Hamburger, W.J. (1955). 
Mechanics of elastic performance of textile materi-
als: part XII: Relation of certain geometric factors to 
the tear strength of woven fabrics. Text Res J, 25 (10), 
pp 838–861.  

	 https://doi.org/10.1177/004051755502501003

[13] Hu, J. ed. (2004) Structure and mechanics of wo-
ven fabrics, Woodhead Publishing Limited, UK.

[14] ISO 13937-3-:2000. Textiles-Tear properties of 
fabrics – Part 2: Determination of tear force of wing-
shaped test specimens (Single tear method).

[15] EN ISO 9237, Textiles, determination of the per-
meability of fabrics to air, International Organization 
for Standardization, Geneva, 1995.



13

TEKSTILNA INDUSTRIJA · Vol. 71, No 4, 2023

[16] ISO 105-C06:2010, Tests for colour fastness Part 
C06: Colour fastness to domestic and commercial 
laundering, International Organization for Stand-
ardization, Geneva.

[17] ISO 105-D01:2010, Tests for colour fastness Part 
D01: Colour fastness to drycleaning using perchlo-
roethylene solvent, International Organization for 
Standardization, Geneva.

[18 ] ISO 105-X12:2016, Tests for colour fastness Part 
X12: Colour fastness to rubbing, International Or-
ganization for Standardization, Geneva.

[19] Hu, J., Chan, Y. F. (1998). Effect of fabric mechanical 
properties on drape. Textile Research Journal, 68(1), 
57-64.

[20] Eltahan, E. (2018). Structural parameters affecting 
tear strength of the fabrics tents. Alexandria Engi-
neering Journal, 57(1), 97–105. 

	 https://doi.org/10.1016/j.aej.2016.12.005

[21] Karakan Günaydin, G., Palamutcu, S., Soydan, A. S., 
Yavas, A., Avinc, O.,  Demirtaş, M. (2020). Evaluation 
of fiber, yarn, and woven fabric properties of natu-
rally colored and white Turkish organic cotton. The 
Journal of The Textile Institute, 111(10), 1436-1453.

[22] Çeven, E. K.,  Günaydın, G. K. (2021). Evaluation of 
some comfort and mechanical properties of knitted 
fabrics made of different regenerated cellulosic fi-
bres. Fibers and Polymers, 22, 567-577.

[23] Kenan, Ç. E., Karakan, G. G.,  Çeven, N. (2021). Im-
pact of weft yarn type and fabric weft density on 

burning behavior, tearing strength and air permea-
bility for different types of antibacterial drapery fab-
rics. Tekstilna industrija, 69(1), 4-16.

[24] Çeven, E. K., Yelkovan, S., Çeven, N., Karakan, G. 
G.,  Çorapçi, E. (2023). Effect of production param-
eters of polyester weft yarns on some thermal com-
fort properties of drapery fabrics. Tekstilna industri-
ja, 71(2), 23-35.

[25] Karakan, Günaydın, G., Çeven, E. K., Gürarda, A.,  
Akgün, M. (2021). A research on effect of surface 
treatment conditions on flammability and water 
repellency properties of drapery fabrics produced 
from micro polyester yarns. The Journal of The Textile 
Institute, 112(2), 233-242.

___________________	
Primljeno/Received on: 02.11.2023.
Revidirano/ Revised on: 26.11.2023.
Prihvaćeno/Accepted on: 29.11.2023.

______________________________
© 2021 Authors. Published by Union of Textile Engi-
neers and Technicians of Serbia. This article is an open 
access article distributed under the terms and condi-
tions of the Creative Commons Attribution 4.0 Inter-
national license (CC BY) (https://creativecommons.
org/licenses/by/4.0/)


