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ABSTRACT - REZUMAT

Qualitative classification of woven fabrics produced from recycled threads of cotton and blends

In this studly, shirting fabrics were woven with weft threads produced from blends of recycled cotton fibers, original cotton
fibers and original polyester fibers (100% original cotton, 100% recycled cotton, 35%/65% polyester/recycled cotton,
35%/65% polyester/original cotton, 50%/50% polyester/recycled cotton, 50%/50% polyester/original cotton). The
produced fabrics were investigated in terms of fabric defects by using fabric quality control machines after wet treatment
procedures have been carried out. The types and numbers of defects detected during quality control were recorded and
graded according to Graniteville 78 Fabric Inspection System and were classified accordingly. All fabrics were evaluated
in terms of fabric quality.
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Clasificarea calitativa a tesaturilor produse din fire de bumbac si in amestec reciclate

In acest studiu, teséaturile pentru confectionarea camadsilor au fost realizate din fire de béatéturé produse din amestecuri
de fibre de bumbac reciclate, fibre de bumbac originale si fibre de poliester originale (100% bumbac original, 100%
bumbac reciclat, 35%/65% poliester/bumbac reciclat, 35%/65% poliester/bumbac original, 50%/50% poliester/bumbac
reciclat, 50%/50% poliester/bumbac original). Teséturile produse au fost investigate in ceea ce priveste defectele,
folosind echipamente de control al calitatii dupé ce au fost aplicate operatiile de tratament umed. Tipurile si numarul de
defecte detectate in timpul controlului calitatii au fost inregistrate si clasificate in conformitate cu sistemul de inspectie

a tesaturilor Graniteville 78. Toate tesaturile au fost evaluate din punct de vedere calitativ.

Cuvinte-cheie: tesatura reciclata, calitatea tesaturii, gradare, adaptabilitate

INTRODUCTION

For a sustainable life style, several strategies have
come to the forefront in the design and production
stages of textiles and apparel manufacturing. These
strategies are reduce, reuse, energy recovery and
recycling. Almost 100% of textiles are suitable for
recycling.

Textile recycling industry is a feasible and economi-
cally sustainable industry provided that textile wastes
are systemically collected and handled [1]. On the
other hand, worn-out textile products should not cause
harm to the environment or to human health during
their afterlife stage via incineration, decaying or land-
filling. The most efficient solution is recycling [2]. In
other words, recovering fibers of the worn-out textile
products [3]. As the raw materials, machinery, energy
type and cost, environmental interactions during pro-
cesses in the course of production as well as the
recyclability of textile products are not the same, it is
very difficult to investigate recycling in textiles under
one title [4]. In order to recover fibers from textile
waste and reuse them in conventional textile pro-
cesses, the wastes should be open up to fibers and
separated. The fibers can be sorted via use of fabric
shredders (disintegrators) equipped with thread
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opening elements. Separation of component fibers
following fabric disintegration is the most important
step in terms of fiber recovery in waste of blend tex-
tile wastes [5]. Depending on the final use, the fibers
are also utilized in blends. Following, the fibers are
prepared for spinning for weaving or knitting via
being cleaned and blended in carding machines [6].
There are many different spinning systems in textile
manufacturing. Among the spinning systems, ring,
Open-End Rotor spinning, airjet spinning and com-
pact spinning systems are still the widely most used
spinning systems [7]. At the same time, recycling
mostly takes place in the spinning stage. Open-end
rotor spinning system, which allows use of fibers
shorter than ring spinning mostly, utilize recycled
fibers [8].

Different textile recycling systems have been devel-
oped including product recovery, chemical recovery
and thermal recovery [9]. A number of research stud-
ies have been conducted for investigating properties
of threads and fabrics produced from wastes of tex-
tiles [10—11] and home textiles [12]. In similar studies,
wastes of cotton fabrics and indigo-dyed denim fab-
rics were dissolved in suitable solvents, then fibers
were spun from them and the properties of these
fibers were investigated [13—14]. Structural and
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mechanical characteristics of fabrics recycled from
textile wastes and potential utilization areas [15-18],
possibility of polyester/cotton blend reuse in compos-
ites [19], quality of yarn at different blend ratios [20]
and possibility of recycled yarn production and fabri-
cation parameters have been subjects of different
studies [21-27]. However, studies related to investi-
gation of fabric defects produced from recycled and
original fibers are limited.

Defect formation during woven fabric formation is
inevitable no matter what type of raw material is
used. In order to eliminate interpretation differences
in defect characterization, standards including
TS471, ASTM D3990 and BS7342 were used [28].
Woven fabric defects are deviations, which occur
regionally, affect fabric appearance, change fabric
structure and cause special changes in regional limi-
tation [29]. Fabric defects have been defined by
Turkish Standards Institute as “defects in fabrics
which are caused by the yarn, auxiliary material,
labor, machinery, equipment or working method, and
can be seen and evaluated with eye and impair fab-
ric appearance” [30].

During classification of fabric rolls as the first or the
second quality, different defect grading systems can
be utilized. The systems, which enjoy common use,
are 4-point system, 10-point system, Graniteville 78
system and The Worth Street Rules Systems. It is
necessary to apply necessary quality control inspec-
tions on fabrics and conduct objective evaluation
before accepting them for apparel manufacturing pro-
cesses [31]. However, the 4-point, 10-point and the
Worth Street Rules systems do not reflect the effect
of defects due to their grading method. In 4-point and
the Worth Street Rules systems, only 4 points can be
allocated to a yard. In 10-point system, a yard can
only get 10 points. On the other hand, the points to be
attained to a yard square of fabric is determined by
the fabric width in Graniteville 78 System. Moreover,
defects like stains which do not deteriorate accept-
ability of fabrics for apparel manufacturing processes
do not take points [28]. Thus, Graniteville 78 system
is among the most suitable fabric grading systems for
determining if the fabric is acceptable for apparel
manufacturing processes. In this study, Graniteville
78 System has been adopted as it was aimed to
detect irreparable defects, which negatively affect the
apparel. In table 1, defect points corre-
sponding to defect dimensions are
given.

The Graniteville 78 system is a grading
system that was developed by
Graniteville Firm in 1975 for evaluating
standard woven and knitted fabric qual-
ities. The defect points determined by
Graniteville 78 system are given in
table 1. In this system, only defects that
have to be cut out from the fabric or that
render the final product second quality
are taken into consideration. Each
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yard-square or meter-square fabric can receive max-
imum 4 points. The maximum points that a yard-
square fabric can get is determined by the fabric
width. The ninth of fabric width in inches designates
the maximum defect grade. To give an example, the
maximum defect point to be given to a fabric the
width of which is 48 inches is 48/9 = 5.33 or 6 [28].

Table 1

DEFECT DIMENSIONS AND CORRESPONDING
PENALTY POINTS ACCORDING TO GRANITEVILLE
78 SYSTEM [31,32]

Defect length

Penalty points

For defects up to 23 cm (9 inch) 1
For defects 23—-46 cm (9-18 inch)
For defects 46—-69 cm (18-27 inch)
For defects 69-92 cm (27-36 inch)
For defects 92—115 cm (36—45 inch)
For defects 115-138 cm (45-54 inch)
For defects 138—160 cm (54—63 inch)

N[O~ WIN

In this study, different shirting fabrics, which were
produced for order in a weaving factory, which man-
ufactures shirting fabrics from recycled cotton
threads (regenerated threads, as known in the indus-
try), and their blends, have been investigated. The
aim was to identify defects that can be seen in appar-
el manufacturing process in fabrics produced from
recycled yarns. The investigated fabrics are classi-
fied in terms of their quality according to Graniteville
78 system.

MATERIALS AND METHOD
Materials

This study has been conducted in a factory, located
in Denizli province, (consisting of spinning and weav-
ing mills), which has 315 weaving machines and pro-
duces home textiles (such as bedlinens), shirting and
trouser fabrics. In the study, white shirting fabrics
were produced using different weft thread blends as
per orders. The constructions of weft threads are
100% r-Cotton, 100% Cotton, 35% PES — 65% r-
Cotton, 35% PES — 65% Cotton, 50% PES — 50%
r-Cotton, 50% PES — 50% Cotton. The bales of recy-
cled fibers and slivers used during the production of
yarns for the mentioned fabrics are shown in figure 1.

Fig. 1. Recycled fiber bales and slivers used for the production

of the fabrics
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broken weft, half-width

The fiber structural properties of the produced fabrics
are listed in table 2. The constructions and production
volumes of the produced fabrics are the same. The
warp thread is 100-denier polyester thread and plain
weave structure has been adopted for all fabrics. The
recycled yarns were produced in the open-end spin-
ning section of the mentioned factory. The recycled
fibers were obtained from Usak province. The length
of the polyester staple fiber is 38 mm. In woven fab-
rics, both weft and warp threads influence the physi-
cal and mechanical properties of the fabrics. In this
study, no changes have been made in warp density
and type. On the other hand, only changes to weft
threads were made.

Method

All fabrics were processed through bleaching in a wet
treatment mill and were brought to the factory in
white color. Before these fabrics were sent to the
receiver apparel manufacturing company, they were
manually inspected by using a light board. Following,
the inspected fabrics were graded according to
Graniteville 78 system in terms of their quality.
The defects that are classified in fabric inspection
sheets used in the current study can be grouped in
three main classes; defects in weft direction, defects
in warp direction and other defects. The defects in
weft direction are full-width double wefts, half-width
double wefts, full-width broken weft, half-width bro-
ken weft, stop mark, weft fiber in color, soiled-
greased weft, thin-thick weft, excessive weft density.
The defects in warp direction are broken warp,
excessive warp density, loose-tight warp, warp fiber
in color, stained-greased warp, thin thick warp, dou-
ble warps, missing warp, temple mark; and other
defects include slub, bad selvedge, and knot.

FINDINGS

The fabric defects which were obtained from the
inspection of 2100 meters fabric were recorded
into inspection sheets according to the determined
defect classification. The defects in the outer 3 cm
width were ignored. If a running meter of the fabric
includes more than one defect, the greatest defect
was recorded to the sheet. The inspected fabrics
were graded according to Graniteville 78 system.

In the fabric rolls, the obtained defects include full-
width double wefts, half-width double wefts, full-width
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Table 2
broken weft, stop mark,
STRUCTURAL PROPERTIES OF THE FABRICS weft fiber in color, soiled-
- greased weft, thin-thick
Density .
Fabric Weft thread Weft thread (thread/cm) Mass Total weft, excessive weft den-
code raw material NE (g/m?) | (mt) sity, broken warp, exces-
Warp | Weft : :
sive warp density, loose-
2 100% Cotton 20/1 30 24 100 350 color, soiled-greased
3 |35% PES - 65% r-Cotton 20/1 30 24 100 350 warp,  thin-thick  warp,
4 |35% PES - 65% Cotton 20/1 30 24 | 100 | 350 double warp, missing
S S o/ 30 ” 100 350 warp, slub and knot. The
> 50% PES — 50% r-Cotton possible causes of the

defects are given in three
groups as defects in weft direction, defects in warp
direction and other defects are given in table 3.
As the weft threads are varied, it was expected that
most of the defects would be in the weft direction. It
can be said that the defects that are shown in figure
2, namely, half-width broken weft, fiber in color, thin-
thick weft, are specific defects which develop during
recycled yarn spinning. The half-width broken weft
and thick-thin weft defects are caused by the quality
of the recycled fibers. As the waste fabric clippings
are transformed into the fiber form, loss of strength,
and increase in short-length fiber content takes
place. These in turn lead to decreased yarn strength
which results in weft breakage during weaving. The

Table 3

DEFECTS IN WOVEN FABRICS AND THEIR
POSSIBLE CAUSES [30]

Possible cause

Defect name of defect/Name
of Process
Double wefts half width .
Weaving

or less
Full-width Broken weft

Weaving/Spinning

ﬂl

Half-width broken weft | Spinning
Weft Stop mark Weaving/Spinning
defects ——— —
Fiber in color Spinning
Soiled-greased weft Spinning
Thick-thin weft Spinning

Excessive weft density

Weaving/Spinning

Broken warp

Weaving/Spinning

Excessive warp density

Weaving

Loose-tight warp

Weaving

Warp | Warp fiber in color Weaving/Spinning
defects | Soiled-greased warp Weaving/Spinning
Thin-thick warp Spinning
Double warps Weaving
Missing warp Weaving
Slob Weaving
Others | Knot Spinning

Soil/grease stain Finishing
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Fig. 2. Defects commonly found in recycled fabrics: a — half-width weft;
b — fiber in color; ¢ — thin thick weft

thin-thick weft and knot defects are also caused dur-
ing fiber production. These defects may be caused by
fiber opening machine settings and fiber properties. If
the cylinder opening, among machine settings, is
increased then feed back amount increases. On the
other hand, if this opening is decreased, then the clip-
pings cannot be fully transformed into fibers and
neps occur [33]. The fiber in color defect obtained in
this study is specific to recycled yarns. The clippings
which are received to recycled yarn spinning mills as

bales are inspected with eye
and graded according to
color catalogue [33]. The

ST
\ -~ /) first step of so-called rag
ko i 2 a3 T ] &u/ pulling process, which is a

mechanical fiber opening
process, is sorting. This step
is carried out generally man-
ually, and presence of fibers
c in different colors in bales
leads to this defect.
The number of defects and
defect lengths which are
necessary for calculating the
penalty points according to Graniteville 78 system for
fabrics are six different weft threads and the length of
each is 350 m. These data are shown in table 4 for
100 r-Cotton and 100% Cotton, 35% PES — 65%
r-Cotton, 35% PES — 65% Cotton, 50% PES - 50%
r-Cotton and 50% PES — 50% Cotton fabrics.
As the defects like stains, which do not cause the
fabric to be sorted as the second quality for the
apparel manufacturing process, Graniteville 78 sys-
tem does not give points to such defects, which are

Table 4
TOTAL PENALTY POINTS CALCULATED ACCORDING TO GRANITEVILLE78 SYSTEM AND SORTING
OF THE FABRIC ROLLS
Number of defects
Defect name 100% 100% 35% PES — | 35% PES - | 50% PES - | 50% PES —
r-Cotton Cotton |65% r-Cotton| 65% Cotton |50% r-Cotton| 50% Cotton
Full-width double wefts 4 4 5 4 3 3
Double wefts half width or less 4 2 3 2 2
Full-width broken weft 1
Half-width broken weft 9 4 6 2 6 3
Stop mark 5 3 4 3 4 4
Fiber in color 4 4 1 1
Soiled — greased weft 3 3
Thin thick weft 5 4 3
Excessive weft density 2
Broken warp 5 5 4 1 4
Excessive warp density 1 1
Loose-tight warp 2
Warp fiber in color 1
Soiled — greased warp 3 1 1
Thin thick warp 1
Double warps 1
Missing warp 1
Slub 2 1 1 1
Knot 6 1 4 1 3
Soil grease stain 3 2 1 2
Number of defects 56 25 35 24 23 21
Fabric roll width (inches) 63 63 63 63 63 63
Fabric roll length (yards) 382.8 382.8 382.8 382.8 382.8 382.8
Total penalty points 116 86 100 68 79 63
Evaluation Accepted | Accepted | Accepted Accepted Accepted Accepted
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Fig. 3. The number of defects and penalty points
calculated according to Graniteville 78 system

not considered as potential threats. Accordingly,
defects, which have been noticed during fabric
inspection that can be removed in the apparel manu-
facturing processes, were not given points. These
defects are fiber in color, slub, soil/grease stains,
soiled-greased warp, and warp fiber in color.

The total penalty points have been found as 115 for
the 100% r-cotton fabric, and 86 for the 100% cotton
fabric. The most common defect for 100% r-cotton
fabric is half-width broken weft, and the second most
common one is knot defect.

Total penalty points calculated for 35% PES — 65%
r-Cotton, and 35% PES — 65% Cotton are 100 and
68, respectively. Half-width broken weft is the most
common defect found in 35% PES — 65% r-Cotton
fabric. However, as the PES yarn contributes to the
strength, the frequency of half-width weft defect is
lower than that in the 100% r-Cotton fabric.

Total penalty points calculated for the 50% PES —
50% r-Cotton fabric and the 50% PES — 50% r-Cotton
fabric are 79 and 63, in consecutive order. Half-width
broken weft is the most common defect in 35% PES
— 65% r-Cotton fabric. However, as the PES yarn
contributes to the strength, the frequency of half-
width weft is lower than that in the 100% r-Cotton
fabric.

In figure 3, the number of defects and penalty points
calculated for all fabrics are graphically illustrated.
According to this, the greatest penalty point belongs
to the 100% r-Cotton fabric. In descending order,
100 points for the 35% PES — 65% r-Cotton fabric,
86 points for the 100% Cotton fabric, 79 points for the
50% PES - 50% r-Cotton fabric, 68 points for the
35% PES — 65% Cotton fabric, 63 points for the
50% PES — 50% Cotton fabric were obtained. The
increase in PES content in the weft threads led to
reduction in number of defects found in the recycled
yarns. In table 4, the number of defects and penalty
points calculated for all fabrics are shown.
Accordingly, total penalty points calculated according
to Graniteville 78 system and evaluation of the fabric

roll are attached to the end of the table. All fabrics
were found suitable for apparel manufacturing pro-
cesses and are accepted.

CONCLUSIONS

Based on its positive effect on the price and environ-
ment, the importance of yarn and fabric production
from recycled raw material is growing day by day.
Nowadays, numerous producers including H&M, Levi
Strauss & Company, Adidas, Nike and Timberland
are utilizing recycled materials within frames of social
responsibility projects. Global firms which produce
recycled yarns and fabrics from polyester, nylon and
cotton (Repreve®-Unifi, Produced by Unifi, Repreve®,
Ecocircle® — Tenjin, Econyl® — Aquafil) are develop-
ing new products and use of recycled yarns and fab-
rics is becoming more and more common. Similarly,
in our country, in Usak, one of the major textile cen-
ters, colorful cotton and yarns are produced without
using any land, tractors, water, dye or any chemical
agents. Second-quality yarns are sold at prices one
third of their original counterparts. The clothing
wastes collected from different parts of the world and
Turkey are brought to Usak. After sorting in terms of
color is carried out, cutting process takes place. Then,
some of the wastes are transformed into the fiber
form via use of rag pulling machines and used in the
automotive industry as well as in bed production as
felts. On the other hand, the recycled materials, which
is transformed in the yarn form, is utilized in home
textiles, curtains, clothing, and seat cover production.
Hence, these wastes are re-utilized economically
while colorful cotton is produced without using any
land, tractors, water, dye or other chemicals [34].
Sorting of fabric rolls as the first and second quality is
a hard task. Thus, defects that can be found in recy-
cled fabrics are of importance. A fabric roll, which is
considered as the first quality by the producer can be
found as the second quality by the receiver. Fabric
inspection grading systems allow everyone to speak
the same language. This study has been conducted
in order to determine defects that can be seen on the
recycled fabrics prior to apparel manufacturing pro-
cesses as well as for sorting of the fabric roll.
Nevertheless, standardization of quality is needed for
recycled yarns. More research study is necessary
related to production of higher quality recycled yarns
and fabrics more efficiently
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