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INTRODUCTION

Generally, car seats are composed of the following
elements:
• Metal structure;
• Filling, cushion padding;
• Seat cover:

– Exterior fabric;
– Foam (interlining);
– Support material (reinforcement material) [1–2].

The parts of the car seat in cross-section view are
shown in figure 1.
On the top of metal frame, the most common filling
material as a cushion is molded polyurethane foam.
Polyurethane foam is commonly used as padding in
car seats despite some problems concerning comfort
and recycling. Their thermal properties are poor
because they are not breathable [2]. Because of this
problem, a lot of research has been made and today
the new developments and the testing are going on
to improve the thermal comfort of the car seats
Unlike regular, 2D fabrics, Spacer uses two separate
fabrics, joined by microfilament yarn, to create a
breathable, 3D free space between layers [3] as
shown in figure 2.
Spacer textiles in upholstery are made from warp
knitted (double-Raschel machine) or knitted (circular
knitting machine) fabrics. Spacer structures have an

elastic pressure behavior: by pressing on the surface
they are compressed. When the pressure is
released, they relax in an elastic way. The space
between the two layers is an air-filled cavity from
which the air is removed during compression, and
into which air is sucked during decompression.
Unlike foam constructions, these textile constructions
are able to breathe [4–7].

Comparison of different interlining materials of car seat cover under
repeated loadings

DOI: 10.35530/IT.071.03.1704

FUNDA BUYUK MAZARI  ADNAN CIRKL    
ADNAN MAZARI ANTONIN HAVELKA     

ABSTRACT – REZUMAT

Comparison of different interlining materials of car seat cover under repeated loadings

In this article, four most commonly used interlining materials (3D spacer fabric, non-woven felt, reticulated foam, and
classic Poly-Urethane foam) are tested for comfort and durability. All four layers are tested initially for the air and
moisture permeability, then for water vapour permeability under loading and finally tested for compressibility and
durability. The repeated loading equivalent to real human pressure was inserted on the samples for 40,000 times to
analyse the effect of repeated compression on the interlining materials. This research work gives a very in-depth
knowledge of performance of car seat interlining material related to thermophysiological comfort and durability/lifetime.

Keywords: 3D spacer fabric, compressibility, thermophysiological comfort

Analiza comparativă a diferitelor inserții pentru husele scaunelor auto aflate sub solicitări repetate 

În acest articol, patru materiale de tip inserție utilizate cel mai frecvent (material distanțier 3D, material nețesut, spumă
reticulată și spumă clasică din poliuretan) au fost testate din punctul de vedere al confortului și durabilității. Toate cele
patru straturi au fost testate inițial din punctul de vedere al permeabilității la aer și vapori de apă, apoi din punctul de
vedere al permeabilității la vapori de apă sub greutate și în final au fost testate din punctul de vedere al compresibilității
și durabilității. Solicitarea repetată echivalentă cu presiunea umană reală a fost introdusă pe eșantioane de 40.000 de
ori, pentru a analiza influența compresiei repetate asupra inserțiilor. Această lucrare de cercetare oferă o cunoaștere
aprofundată a performanței inserțiilor pentru scaunele auto, din punctul de vedre al confortului termofiziologic și
durabilității/duratei de viață.

Cuvinte-cheie: material distanțier 3D, compresibilitate, confort termofiziologic
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Fig. 1. The parts of the classical car seat [1-2]



For the car seat cover on the top of the cushion part

of the car seat, many manufacturers find that a three-

layer composite fabric is most successful in perfor-

mance, costing, and in the process of upholstering or

trimming the seat. The most common three layers are

composed of a top layer which is polyester and a

middle layer of polyurethane foam. The foam, varies

from 3 millimeters to 12 mm, and it has function of

absorbing the seat surface irregularities, improves

the comfort (compressibility, resilience) and indicates

the stitches of the sewing lines with an adequate

depth [8]. The bottom layer is composed by a

polyamide knitted scrim [9]. Knit Scrim material has

the task to give the dimensional stability to sandwich

structure, facilitates the sewing and seam resistance.

It can be a polyamide mesh or polyester and a non-

woven as well [10–14].

For the last layer of the car seat which is at the bot-

tom is the polymer mesh fabric, highly used material

is polyamide, but different polymers also can be used

[15–17]. It is a high porous layer so that has high per-

meability. The biggest reason to use this layer is the

PU foam, it smooth the back side of the PU so that

the sewing and the covering of the car seat process

is easier and faster.

EXPERIMENTAL PART

The seat cover of a car includes the following 3 lay-

ers, where: X is top fabric layer which touches the

person/driver, Y is interlining layer (focus of research

is on this layer), Z is thin porous polyester mesh and

P is the thick PU form as cushion material (figure 3). 

The top layer’s properties are shown in table 1. The

car seat covers are made of multiple layers and

Layer Y (figure 3) is responsible for the non-breatha-

bility of the car seat’s cover material. Following differ-

ent kinds of material are tested which are used as

layer Y in car seat cover.

Considering the comfort part, we need the top layer

to be highly breathable, the moisture and air perme-

ability of top layer are shown in figures 4 and 5. 

The air permeability is measured using the Air per-

meability tester (FX-3300) and SDLMO21S by using

standard ISO9237 and the water vapour permeabili-

ty is measured using the The sweating guarded hot

plate, skin model (ISO 11092)
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Fig. 2. 3D Spacer Knitted Fabric Schematic design [3]

Fig. 3. Seat cover layers Fig. 4. Air permeability of top layers

TESTING OF INTERLINING MATERIALS

Top layer backing material

(layer Y)

Thickness

(mm)

3D spacer fabric 5

Non –woven felt 5

Reticulated foam 5

Classic PU-foam 5

Table 1



It is visible for figures 4 and 5, that the 3D spacer fab-
ric is highly permeable to air and has comparatively
lower water vapour permeability.

IMPERMEABLE PU-FOAM

Lastly, it is clearly observed that the PU-foam is
almost impermeable to air. The classic PU-foam and
3D spacer fabric are also examined under the X-ray
tomography machine to see the internal structure of
the material, and shows that the spacer fabric is
almost open to movement of air whereas the PU-
foam has a close pore structure and pores are not
connected from one side to another face of the foam,
which makes them impermeable to air. 
The figures 6 and 7 clearly shows by X-RAY tomog-
raphy that the PU-foam has closed pore structure
which makes the material almost impermeable to the
flow of air and moisture, where as in the case of the
3D space knitted fabric there is high porosity and the
air can pass from one side to another side of the
material which makes it highly permeable.

MEASUREMENT OF MOISTURE PERMEABILITY
UNDER LOAD

The car seat cover materials are compressible, that
means that their structure, porosity and thickness
changes under load. A driver sitting on a car seat can
totally change the defined performance of the car
seat material. 
A unique modification is made to the classical CUP
METHOD for testing the moisture permeability with

201industria textila 2020, vol. 71, no. 3˘

and without load. A self-fabricated frame is used to
hold the testing material with a constant pressure on
it by using perforated metal mesh (figure 8). In figure
8, W is distilled water for moisture source, T is the car
seat cover material, N is the load on the sample, S1
and S2 are the humidity sensors and M is a porous
sheet on the sample to apply even pressure.
Calculation of the water vapour transmission, and
permeability is as follows.

GWVT =      (1)
t  A

where G is weight change (g), t – time (h), A – test
area of 20 cm2, WVT – rate of water vapour trans-
mission (g/h·m2).
The experiment is performed in climate chamber with
a controlled environment according to standard
ASTM E 96-66. The sample properties are shown in
table 2.

Fig. 5. Water vapour resistance of top layer
Fig. 8. Schematic diagram of the measuring device

under load

Fig. 6. X-ray tomography image
of 3D spacer fabric

Fig. 7. X-ray tomography image
of PU foam

SAMPLE PROPERTIES

Sample Thickness (mm)

3D spacer-1 10

3D spacer-2 5

PU-foam 1 5

PU-foam 2 3

Retroculated foam 5

Non-woven felt 5

Table 2

To see the effect of
the pressure on the
moisture permeability
the car seat materials
are tested with and
without loads. The
moisture permeability
of different car seat
materials under two
different pressure (5
and 10 kPa) and
without pressure is



shown in figure 9. The experiment was performed 5
times for each sample and the error bars in the graph
represent standard deviation.
The figure 9 shows that there is a significant effect of
pressure on the permeability of the car seat material.
This test method is unique and can show us experi-
mentally how material behaves under load. It is visi-
ble that there is a significant decrease in moisture
permeability when there is pressure on the car seat
cover, which can be because of the closing of pores
due to the pressure. All the materials are affected by
the pressure but the permeability of 3D spacer is still
higher as compared to any other material even after
loading. 
The effect of repeated loading of 40,000 cycles is
shown in the figure 10 and 3D spacer shows better
properties even after 40,000 cycles of repeated load-
ing of 13 kPa.
Figure 10 clearly shows that the 3D spacer fabric has
shown better compression properties and maintained
its reasonable thickness after repeated loading of
40,000 times, followed by the nonwoven felt, reticu-
lated foam and classic PU foam.
Whereas the classical PU-foam and reticulated foam
loses its thickness in very early stages of the com-

pression testing and then maintain a fixed com-
pressed thickness. This shows that for the durability
of car seats it’s better to use 3D spacer or non-woven
felt and considering the breathability, 3D spacer
inhibit better performance than any other car seat
material.

CONCLUSION

The research work shows an in-depth comparison of
interlining car seat cover materials. Mostly the
research focuses on the air and moisture permeabil-
ity of different layers related to comfort. But in this
research the performance of textile layers after static
pressure and also compressibility properties of mate-
rial after repeated loadings is tested. The results
show that the 3D spacer fabric is the most perme-
able, followed by reticulated foam, non-woven web
and classic PU foam, respectively. This research
shows that 3D spacer fabrics are good alternatives
for classic materials with better thermo-physiological
comfort properties and better lifetime.
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Fig. 9. Moisture permeability under load

Fig. 10. Compressibility properties of the car seat cover
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INTRODUCTION

Staining on fabric is a major concern to consumers.

The evaluation of stain release has long been an

important issue for researchers in the laundry and

dry-cleaning industries and for others studying

aspects of fabric-appearance retention [1–2].  

Methods to evaluate stain release traditionally have

involved visual assessment. The test used most often

is AATCC Test Method 130 (Soil Release: Oily Stain

Release Method) [3]. Due to the subjective nature of

the rating method and the limited types of stains, the

reliability and accuracy of the results are sometimes

questioned [4–6]. More objective instrumental meth-

ods such as Datacolor, WSB-L and so on based on

reflectance measurements and calculations are also

widely used in industry. Other instrumental for exam-

ple, microscopy, fluorometry, were also used in the

test. All of them had some disadvantages, such as it

must be tested in laboratory by special researcher

and it had limited tested area [7–10]. Recently, image 

analysis has been applied into evaluating fabric per-

formance, such as colour fastness, pilling, wrinkling

and so on [11–17]. It could analyse the whole image

of stain. 

The image analysis based on the luminance his-

togram is used to analysis the image, but it lost many

colour information. Then the colour histogram of an

image is being studied. The colour histogram of an

image represents the distribution of the composition

of colours in the image. It shows different types of

colours appeared and the number of pixels in each

type of the colours appeared [18].

In this paper, standard stain cloths were being stud-

ied, such as sebum, carbon black, blood and so on.

They were being washed under different washing

conditions, then we analyzed the washing efficiency.

We also analyzed the colour histogram of stain image

which was got through Fuji film before and after being

washed. The relationship between the results got by

image analysis and objective instrument was dis-

cussed.
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Evaluation of stain release based on image histogram analysis

DOI: 10.35530/IT.071.03.1641

SHAO FEN-JUAN YAN YULONG

XU PINGHUA DING XUEMEI

FAN WEICHAO WU XIONGYING

ABSTRACT – REZUMAT

Evaluation of stain release based on image histogram analysis

In our daily life, subjective and objective method were used to evaluate the washing condition of the stain. But they have
some disadvantages, such as subjectivity, special operation in laboratory, limited area, and so on. With the development
of technology, the image analysis was widely used in industry. In this article, the pictures of stains before and after being
washed were got through image acquisition system. And then histogram based on distance were draw and similarity of
stain before and after was calculated. The similarity described the degree of washing. The higher the similarity, the more
similar the image, the less stain was washed out. Two different results got from washing efficiency and image analysis
were analyzed through SPSS software, the results showed that in less than 0.05 level, two groups of data had a
significant correlation. This means that the image analysis could be used to evaluate the stain release well.

Keywords: stain release, washing, objective instrument, image analysis, correlation

Evaluarea eficienței îndepărtării petelor pe baza analizei histogramei imaginii

În viața de zi cu zi, se folosesc metode subiective și obiective pentru evaluarea eficienței îndepărtării petelor. Dar
acestea prezintă unele dezavantaje, cum ar fi subiectivitatea, echipamente speciale de laborator, zona limitată etc.
Odată cu dezvoltarea tehnologiei, analiza imaginii a fost utilizată pe scară largă în industrie. În acest articol, imaginile
petelor înainte și după ce au fost spălate au fost obținute prin intermediul sistemului de achiziție de imagini. Ulterior, s-a
obținut histograma bazată pe distanță și s-a calculat similitudinea petei înainte și după spălare. Similitudinea a descris
gradul de spălare. Cu cât similitudinea este mai mare, cu atât imaginea este mai asemănătoare, iar pata mai puțin
îndepărtată. Două rezultate diferite obținute prin eficiența spălării și analiza imaginii au fost studiate prin intermediul
software-ului SPSS, rezultatele arătând că, la un nivel mai mic de 0,05, două grupuri de date au avut o corelație
semnificativă. Aceasta înseamnă că analiza imaginii ar putea fi folosită pentru a evalua corespunzător eficiența
îndepărtării petelor.

Cuvinte-cheie: îndepărtare petelor, spălare, instrument obiectiv, analiza imaginii, corelație



EXPERIMENTAL DETAILS

Experimental materials

Five different kinds of stain cloth were used in our

study, they were shown in table 1. Color Tester

(7000A, EYE Macbeth) and Digieye Digital imaging

quick rating system (d/8), England were used.

205industria textila 2020, vol. 71, no. 3˘

Sample treatments

The stain cloth were being washed in Front-loading

Washing Machine (JW75-12SUJB, JiDe), and the

washing conditions were shown in table 2. 20 groups

were being discussed. During each washing, five

kinds of stain (6 cm × 6 cm) were sewed on the load

cloth and being washed together. In order to reduce

the error, five pieces of each stain cloth were placed. 

Washing efficiency

Washing efficiency, a measure of the wash effect, is

an important index to evaluate the quality of cleaning

(equation 1). Y represented the Green primary stim-

ulus of tristimulus values. Y of the stain before and

after was got through the Color Tester. And the wash-

ing efficiency was calculated as follows, the final

result of washing efficiency is the average of all the

result in the group. 

Yw – Ys
Dr =             × 100                 (1)

Yo – Ys

In the equation, Dr is Washing Efficiency, Yw – Post-

wash Green primary stimulus of stained fabric, Ys –

Before-wash Green primary stimulus of stained fabric

and Yo – Original Green primary stimulus of fabric.

Image analysis

Image acquisition was the first step of the machine

vision system for the stain release evaluation. The

stain cloth was photographed in a standard, black

box [19]. There is a circular standard light inside the

top of the box. The camera was put in the middle. In

the box, there was a sample holder in the box. Then

the samples were put on it to be photographed. After

the images were got, they were cut into uniform size

to be analyzed in the later discussion.

Image processing

The distinctive features of a stain are its colour and

intensity. In order to get accurate information, the

colour information was discussed. This was achieved

by transforming the image from RGB plane to the l, a,

b. And the colour histogram of stain image was stud-

ied via Matlab software. The average distance of

each pot of the histogram was calculated. Through

this, the similarity of two images before and after

being washed was calculated. 

RESULTS AND DISCUSSION

Washing efficiency  

JMP is a common experimental design software,

which is used to analysis the level of multiple factors

experiment. In our study, we chose “automatic deter-

gent on the optimization of experimental data” for

analysis. As is shown in table 2, the hardness of

water, dosage of detergent and the load were

changed. After being washed, the washing efficiency

of stains was got according to equation 1. On the sur-

face of the stain, five small areas of both sides were

tested, and the average were got. The results were

shown in table 3. The stains which were being

washed under different washing conditions had dif-

ferent washing efficiencies. This was because those

different stains had different performances, then the

washing efficiencies of stains were different from

each other. But for each stain, the washing efficiency

changed between certain ranges.

DIFFERENT KINDS OF STAINS CLOTH

No. Stain cloth Brand

106
Cotton soiled with IEC carbon

black/mineral oil
EMPA

111 Cotton soiled with blood EMPA

112 Cotton soiled with cocoa EMPA

114 Cotton soiled with red wine EMPA

118 Cotton soiled with sebum/pigmen EMPA

Table 1

DIFFERENT WASHING CONDITIONS

No.
Hardness

of water
Load

Dose

of detergent

1 50 1 20

2 50 1 60

3 50 3 40

4 50 3 40

5 50 5 20

6 50 5 60

7 200 1 40

8 200 1 40

9 200 3 20

10 200 3 20

11 200 3 60

12 200 3 60

13 200 5 40

14 200 5 40

15 350 1 20

16 350 1 60

17 350 3 40

18 350 3 40

19 350 5 20

20 350 5 60

Table 2



Image analysis

According to measurements mentioned above, the
image of the stain cloth before and after being
washed was got through standard image acquisition
system, which was listed in experimental details. The
pictures of five kinds of stains from left to right were
shown in figures 1 and 2. Figure 1 showed the five
kinds of stain before being washed. Figure 2 showed
the five kinds of stain after being washed. It could be
seen from figures 1 and 2 that the colours of stains
were changed before and after being washed.
Five pieces of each stain cloth were got, and each
image was analyzed. Take one stain for example,
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figure 3 showed the five pieces of blood being
washed in Group 2. As is shown in figure 4, X-axis
represented the value of l, a, b, and Y-axis repre-
sented the distribution at each position. We extracted
the distribution of l, a, b of each image, calculated the
distance of histogram of stains before (blue line) and
after (red line) being washed. Then we averaged the
results, the results were shown in table 4. The value
of similarity meant the degree of the similarity of two
images. The higher the similarity, the more similar the
image. This meant the stain was largely unwashed.
The results of 20 groups were got in the same way
and were shown in table 5. It described the similari-
ties of stains before and after being washed, which
were got through the image analysis.

It could be seen from table 5 that after being washed,
the stain had a similarity with the original stain. 

Date analysis

In order to evaluate the results of the image analysis,
we use SPSS to discuss the relationship between the
data got by objective instrument and image analysis.
The results were shown in table 6.
The higher the similarity, the more similar the image.
This meant the stain was largely unwashed. On the
contrary, the higher the washing efficiency, the more
clean the stain cloth. So the Pearson correlation
coefficient was negative. Table 6 showed the rela-
tionship between the data got by two different ways

WASHING EFFICIENCY OF DIFFERENT STAINS
UNDER DIFFERENT WASHING CONDITIONS

Group
Sebum

(%)

Carbon
black
(%)

Blood
(%)

Cocoa
(%)

Red
wine
(%)

1 29.04 15.32 54.02 22.58 29.53

2 29.19 15.07 58.74 21.12 34.58

3 26.78 12.69 55.00 15.16 30.44

4 24.90 11.93 55.57 17.28 30.52

5 17.40 8.73 48.71 12.32 26.82

6 21.91 9.41 52.12 12.52 28.45

7 28.27 13.54 49.16 18.87 26.43

8 27.10 13.77 54.25 19.04 29.54

9 22.50 10.12 45.61 16.11 22.00

10 22.75 8.19 46.28 17.08 22.10

11 24.59 11.01 51.01 13.56 25.51

12 24.94 8.96 42.95 11.98 24.27

13 17.21 7.15 43.60 10.43 23.45

14 17.44 8.56 45.34 12.30 25.77

15 26.21 14.05 43.98 19.81 23.34

16 25.83 11.03 47.32 16.72 26.98

17 23.01 10.14 41.75 15.07 24.68

18 21.26 10.95 40.97 14.28 24.03

19 15.54 7.05 37.54 9.89 20.23

20 18.25 7.39 40.11 11.20 25.21

Table 3

Fig. 1. Stain before being washed

Fig. 3. Five pieces of blood of Group 2

Fig. 4. Histogram distribution of blood before and after
being washed

Fig. 2. Stain after being washed

THE SIMILARITY OF BLOOD BEFORE AND AFTER
BEING WASHED

Similarity
(%)

1 2 3 4 5 Average

87.54 87.24 87.46 87.87 87.42 87.51

Table 4



in the condition of 95% confidence interval. From
table 6, we could see that in less than 0.05 level, two
groups of data had a significant correlation, the
results varied from 0 to 0.030. But the absolute value
of Pearson correlation coefficient was not up to 85%.
It was because the image analyzed the whole image,
meanwhile the certain area were taken for analysis in
the test of objective instrument. In addition, the stain
was uneven distributed. It could be seen in figure 3,
there was white mask on the stain after being
washed.  
The cloths were got duty through the way of pad,
there are stains on both sides of cloth. The stain was
used in the test of detergent ad washing machines as
standard cloth. Except this, we change the cloth,
such as the material (polyester) of the cloth, the kinds
of stain, and so on. We tested the cloth contained
stains through painting stains on the cloth. The
results of image analysis and objective instrument
were coefficient. 

CONCLUSIONS

The study presents a computer vision for evaluate
the degree of stain release.   Pictures of stains before
and after being washed were got through image
acquisition system and the histogram based on dis-
tance were draw and similarity of stain before and
after was calculated. The similarity described the
degree of washing. The higher the similarity, the
more similar the image, the less stain was washed
out. The results showed that different results got from
washing efficiency and image analysis had a signifi-
cant correlation. The image analysis could be used to
evaluate the stain release well.  
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SIMILARITY OF THE STAINS BEFORE AND
AFTER BEING WASHED BASED ON HISTOGRAM

ANALYSIS VIA l,a,b

Similarity
(%)

Sebum
Carbon
black

Blood Cocoa
Red
wine

1 91.21 85.89 78.39 87.09 89.91

2 91.32 88.22 77.84 87.51 90.17

3 92.12 89.66 78.26 88.84 92.53

4 92.68 88.67 78.44 87.50 89.65

5 92.46 90.42 78.78 90.05 90.42

6 93.06 92.12 78.79 88.51 90.60

7 90.71 87.66 79.20 86.63 91.54

8 92.93 88.89 77.92 86.59 90.97

9 91.63 87.26 78.05 86.70 89.98

10 93.06 90.65 78.41 87.59 90.68

11 92.58 90.45 78.49 88.60 92.68

12 93.64 90.40 78.55 89.74 91.67

13 92.31 92.29 79.52 89.18 93.12

14 92.48 89.66 79.87 89.36 91.85

15 91.93 88.34 79.78 88.03 91.81

16 92.01 90.02 79.55 88.73 91.34

17 92.15 89.17 79.48 89.88 92.32

18 92.62 88.85 79.82 90.53 91.86

19 92.38 89.63 79.26 89.69 93.53

20 92.63 90.27 78.35 94.23 91.93

Table 5

RELATIONSHIP BETWEEN THE DATA GOT BY TWO
DIFFERENT WAYS

Sebum
Carbon
black

Blood Cocoa
Red
wine

Pearson
correlation
coefficient

–0.511 –0.712 –0.598 –0.671 –0.498

Significance 0.030 0 0.005 0.001 0.029

Table 6
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INTRODUCTION

Chemicals play a crucial role in providing function for

materials and products among other things. The tex-

tile industry, one of the world’s largest industries, is

an intense user of chemicals. Currently, millions of

chemicals are consumed in the manufacturing of tex-

tiles products. A study showed that between 1.5 to

6.9 kg of chemicals are used per kg textiles, which

means that the weight of chemicals used in the pro-

duction process is larger than that of the finished gar-

ment [1]. Not only will chemical pollution influence

economic development [2], but also they can reach

environmental compartments and do damage to

human health and ecological environment.

Commonly, chemicals tend to be released in the form

of mixture. As a result, it is almost impossible to know

the potential impact that all these chemical com-

pounds and their mixtures might generate, unless a

large amount of money, resources and time are spent

[3]. 

The theory of chemical footprint (ChF) provides a

new idea for environmental load assessment that

recommends people to keep a watchful eye on the

chemicals’ toxicity in the production and makes it

possible for civil society and companies to be the

important subject in regulating pollution as a quanti-

tative evaluation tool [4]. The idea of ChF was first

introduced in a commercial report in 2011 [5] and

has gained extensive interest since then. The ChF

research is still in its early stages. In summary, the

concepts of ChF can be grouped into three cate-

gories: toxic stress, environmental space or mass of

chemicals and the first explanation is considered

more reasonable in product level [1]. It means that it

is a method characterized by the potential human

toxicity and ecological toxicity of chemical pollutants

discharged by human activities. ChF tends to be esti-

mated by using the existing mature models in the

field of ecotoxicology and USEtox model is the con-

sensus model resulting from extensive comparison of

existing Life Cycle Assessment (LCA) methods for

Accounting and evaluation of chemical footprint of cotton woven fabrics
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ABSTRACT – REZUMAT

Accounting and evaluation of chemical footprint of cotton woven fabrics

The major environmental impacts of textile products tend to arise from emissions of toxic substances in the production
phase of the life cycle. The theory of chemical footprint (ChF) can be used to study the environmental impact of textile
products and leads a new way to quantitatively assess impacts of toxic substances. In this paper, environmental impacts
of 1 kg cotton woven fabric were assessed from yarn to finished fabric in terms of its contributions to the ecological
system. The results showed that the total ChF in the calculation boundary associated with ecotoxicity was approximately
41526.10 PAF·m3·d. The largest ChF for cotton woven fabric mainly came from weaving process, followed by cultivation
and harvesting and fabric processing phases. Sizing agent and all kinds of base potentially created the large ecotoxicity
and there are considerable differences in magnitude from other materials’ ecotoxicity. It also revealed that the selection
of auxiliaries was more important than that of dyestuffs. ChF does well in drawing more focus on the source of industry
pollution and plays an important role in improving management efficiency in assessing and choosing chemicals.

Keywords: chemical footprint, environmental load, cotton woven fabrics, productive technologies

Evidența și evaluarea amprentei chimice a țesăturilor din bumbac

Impactul major asupra mediului al produselor textile apare din emisiile de substanțe toxice în faza de producție a ciclului
de viață. Teoria amprentei chimice (ChF) poate fi utilizată pentru a studia impactul asupra mediului al produselor textile
și conduce la o nouă modalitate de evaluare cantitativă a impactului substanțelor toxice. În această lucrare, impactul
asupra mediului al țesăturii din bumbac de 1 kg a fost evaluat de la fire până la țesăturile finite, din punctul de vedere
al contribuțiilor la sistemul ecologic. Rezultatele au arătat că ChF total în limita de calcul asociată cu ecotoxicitatea a
fost de aproximativ de 41526,10 PAF·m3·d. Cea mai mare valoare ChF pentru țesătura din bumbac a provenit în
principal din procesul de țesere, urmat de cultivare și recoltare și fazele de prelucrare ale țesăturilor. Agentul de încleiere
a creat o posibilă ecotoxicitate ridicată și există diferențe considerabile de ecotoxicitate față de alte materiale. De
asemenea, s-a constatat că selecția substanțelor auxiliare a fost mai importantă decât cea a coloranților. ChF identifică
sursa de poluare din industrie și deține un rol important în managementul eficient de evaluarea și selecție al substanțelor
chimice.

Cuvinte-cheie: amprenta chimică, protecția mediului, țesături din bumbac, tehnologii de producție
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toxicity impact assessment by an international team

of LCA experts [6]. For example, Sala and Goralczyk

[7] used the concept of comparative toxic unit for

freshwater ecosystem in that model to characterize

the ecological toxic effects of chemicals in European

Union. In 2014, combining with the weight of chemi-

cal emission, Bjørn et al. [8] gave the chemical foot-

print calculation formula and calculated the region

scale ChF. Roos et al. [9] firstly introduced USEtox

model into textile and apparel industry, and conclud-

ed that the unbleached garments were not better

than bleached ones when taking the service life into

account.

Cotton textiles are one of the most important prod-

ucts for good performance, such as durability, easy

washability and comfort. According to statistics, the

global cotton fiber output in 2016 was 23.21 million

tons, accounting for nearly a quarter of the total fiber

output [10]. In the production of cotton textiles, wet

treatment, including pre-treatment, mercerizing, dye-

ing and finishing, is considered as an infamous

source of the environmental load, in which abundant

chemicals, water resources and energy will be con-

sumed [11]. Attention has increasingly been paid to

the environmental problems in the production of cot-

ton textiles, and climate change and water use are

well-developed impact categories in assessing envi-

ronmental load [12]. Both semi-finished products

and finished products like cotton woven bags [13],

T-shirts [14], fabrics [15–16], yarns [17] and fibres

[18] have been studied, aiming at evaluating the

greenhouse gases, water shortage or other cate-

gories in their life cycle. However, there is negligible

literature published on the impacts of toxicity on the

environment that brought about by chemical use in

cotton textile production based on chemical footprint

theory, though the effects of chemicals are more pro-

found and lasting. 

Therefore, this study is aimed at assessing and com-

paring the potential ecotoxicity impacts of different

processes in cotton woven fabric production by

accounting ChF, and raising public attention on the

use and election of textile chemicals. The main part

of the article includes the following aspects: the first

part is methodology and data, the second is results

and discussion, and the last is conclusion.

METHODOLOGY AND DATA

Method

USEtox is generally recognized as the most

advanced model currently available for comparative

assessment of chemicals and their toxic effects on

humans and freshwater ecosystems [19]. The paper

mainly aimed at the impacts on aquatic ecosystem,

therefore the impact score in the model is described

as followed:

IS = i,j Qi,j ×CFi,j                            (1)

where IS is the impact score for ecological toxicity

(PAF·m3·d), CFi,j – the characterisation of substance 

i released to compartment j (PAF·m3·d/kg) and Qi,j –

the quality of emission i (kg). The equation has

summed over all chemicals and emission compart-

ments in the emissions inventory [8]. The CFs of

chemicals are computed as the result of the product

of three factors: a fate factor (FF), an exposure factor

(XF) and an effect factor (EF). The fate factor repre-

sents the residence time of a chemical in a specific

compartment, which is directly connected with the

degradation capabilities. The effect factor reflects the

change in the PAF of species due to change in eco-

toxicant concentration and the exposure factor for

ecotoxicity is the fraction of a chemical dissolved in a

medium.

To calculate the ChF of an emission inventory, equa-

tion 2 was put forward by equation 1. In equation 2,

290 is dimensionless and is an Correction factor to

balance the result of impact scores and ChFs. 

ChF = 290 × IS                      (2)

Calculation boundary

The first step in accounting chemical footprint is to

determine the calculation boundary. The textile pro-

duction chain is often described as long and complex

and includes several production steps, like yarn spin-

ning, weaving, dyeing, sewing and so on. In this

paper, the calculation boundary of chemical footprint

was from yarn to fabric. Figure 1 briefly shows the

industrial production chain of cotton woven fabric in

this paper in which processes potentially create more

pollution, including weaving and dyeing & finishing.

The weaving was conducted in a weaving factory,

while dyeing & finishing was conducted in a printing

and dyeing factory. All the aspects that should be

taken into account were both input and output dyes

and auxiliaries in these processes. The focus has

been on the textile production processes and indirect

emissions occurring in the textile life cycle, such as

pollutants from fuel combustion and the production of

chemicals, were not taken into account.

Data

In the calculation boundary, chemical species include

dyestuffs, bases, sizing agents, desizing agents, sta-

bilizers, bleach, softeners and so on. The main data

in the life cycle inventory, like chemical input and out-

put and chemical compositions were provided by two

enterprises. The two enterprises that are above des-

ignated size have built a relation of upstream and

downstream. This article has represented the actual

situation of pollution production. Therefore, the data

about chemical emissions was all measured before

wastewater treatment systems. Characterisation fac-

tors were mainly accounted in USEtox model. The

left were in Cosmede database and some published

literature [20–21]. After the conversion of annual out-

put and consumption data, the functional unit was

defined as 1 kg of cotton woven fabric. The basic

information of the fabric is shown in the table 1. 
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RESULTS AND DISCUSSION

Figure 2 shows the potential contribution to freshwa-

ter ecotoxicity of per kg cotton woven fabric.

According to the results, the total chemical footprint

associated with ecotoxicity in the calculation is

approximately 41526.10 PAF·m3·d. The ChFs of the

production processes are obviously different from

each other. Weaving process stands for the largest

contribution to freshwater ecotoxicity impact and

takes more than two thirds of the referred fabric’s

ChF, then followed by Scouring & bleaching,

Mercerization. Surprisingly, the dyeing process is

proved to contribute the least to ecotoxicity and the

ChF was below 10 PAF·m3·d. 

In weaving, yarn especially the warp yarn is required

with high strength, on account of subjecting to

greater tension. Therefore, before weaving the yarn

are sized to lower friction and increase tensile prop-

erties during weaving. To improve the sizing perfor-

mance, the sizing percentage should be limited in a

certain range, which means most of the sizing agents

will discharge into the environment with waste water

[22] and it was the most significant reason why the

process contributed a lot to ChF. The one-step pre-

treatment in wet treatment in this paper is regarded

as higher efficient and shorter process. However, due

211industria textila 2020, vol. 71, no. 3˘

to reduce the impurities of cotton fabrics to low levels,

it is necessary to increase the amount of chemical

agent, especially for fabrics with high sizing percent-

age, which increase the burden of wastewater treat-

ment [23]. More eco-friendly chemicals are used in

this process, like alpha-amylase, hydrogen peroxide

and so on. Mercetization is to improve the luster of

cotton woven fabric after alkali treatment. Aimed at

lowering the pH of the fabrics, the residual base on

the fabric is neutralized to generate salts. Contrary to

expectation, the ChF of dyeing process is not large.

It may be assumed that the use and discharge of

chemicals are concentrated in the early stage and it

costs more time and water to wash in order to

achieve the inspection requirements such as pH

value and colour fastness. 

Figure 3 shows the process of substances transform-

ing from textile chemicals to chemical pollutants in

the calculation boundary. The conversion process of

chemical with a larger contribution to the results is

represented by a thicker connecting line between

the input and output, which we should draw more

Fig. 1. The calculation boundary of chemical footprint of cotton woven fabric

Fig. 2. Comparison of ecotoxicity of process chain

segment

FABRIC BASIC INFORMATION

Property Value

Raw material 100% cotton

Texture Tabby weaving

Weight (g/m2) 158.5

Warp density (yarn/cm) 100.4

Weft density (yarn/cm) 101.6

Thickness (mm) 0.24

Table 1



attention to. It is shown that triphenyl phosphate

potentially creates the largest ecotoxicity, about

26282.49 PAF·m3·d among all the pollutants, which

was generated by sizing agent in the production.

Besides, base used in the production also accounts

for a large proportion of the total ecotoxicity footprint,

nearly 24%. On the other side, pollutants like 1,2-

propanediol, acetaldehyde and acetaldehyde have

little influence on ecotoxicity, with more than 2 orders

of magnitude less than other pollutants. Among all

the textile chemicals, the sizing agent obviously

tends to create a considerable influence on the

results.

The size selected in this paper was starch, which had

characteristics of cheap price and little pollution to

the environment. In order to improve the stiff and brit-

tle performance of starch size film and increase the

starch adhesion for cotton, a small amount of plasti-

cizer will be added [24], like triphenyl phosphate in

this case. As a persistent organic pollutant, research

indicates that a certain dose of triphenyl phosphate

has an ecological toxic effect on aquatic organisms

[25]. Thus, the CF of this substance is much bigger

than others in this paper. Refining agents consist of

high-quality environmentally friendly formula, includ-

ing dodecyl sulfonate, sodium salt lauryl phosphate

and primary alcohol ethoxylate. Primary alcohol

ethoxylate is the substitute for alkylphenol ethoxy-

lates, which are potential hazardous to environment

because of its toxicity and poor biodegradability [26].

The usage of the agent was the largest among all the

organic chemicals and a lot of residual agent and the

by-products will spew into the water. The impact of

the refining agent can by no means be overlooked.

Hydrogen peroxide bleaching agent is proved green-

er and more environmentally friendly as its degrada-

tion products, water and oxygen are harmless [27].

Because darker shades of blue would be added, the

amount of bleach is relatively small. But in the scour-

ing & bleaching, stabilizers are used to control the

decomposition rate of hydrogen peroxide. According

to the semi-lethal concentration, the stabilizer, silicic

acid, sodium is a low-toxic chemical. However, in

order to fully improve the utilization rate of hydrogen

peroxide, the usage of silicic acid, sodium should be

twice as much as that of hydrogen peroxide in beach-

ing. It is the major reason why silicic acid, sodium

have great effect on ChF. 

In this paper, we focus on the chemical consumption

and eco-environmental stress caused by chemical

pollution along industrial production chain from yarn

to fabric. The weaving process cannot be ignored or

underestimated. Large quantity of sizing agent will be

directly converted into wastewater if the factory does

not carry out recycling. It means that the factory

should pay more attention to recycling of size and the

recycling equipment. Nowadays, the development of

ultrafiltration technology makes it possible for the

recovery rate of size to reach 85% in production.

Also, citrate and epoxy vegetable oil plasticizers are

kinds of sustainable development of environmental

protection plasticizers in industrial production to fur-

ther reduce the pollution [28]. Minimizing the pollution

brought about by sizing agent is highly possible. The

process scouring & bleaching plays an important role

in dyeing and finishing. It is claimed that around 45%

quality problems of fabrics are caused by improper

pre-treatment [29]. Enzymes tend to be utilized in the
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Fig. 3. Sources and ecotoxicity of chemical pollutants



pre-treatment process of cotton fabrics, which gener-

ates minimum by-products and minimizes the risks to

humans, wildlife and the environment [30–31]. In

mercerizing process, part of the enterprises choose

to directly discharge mercerizing wastewater before

treating, which results in not only a waste of alkali

liquor but also an enormous threat to the environ-

ment. Through a reasonable alkali recovery project,

dilute alkali can be used in desizing, scouring, mer-

cerizing and other processes [31]. Besides, Liquid

ammonia tend to be used as an alternative to sodium

hydroxide in mercerization [32–33].

CONCLUSIONS

The use and emission of toxic chemicals from cotton

woven fabric production are an important aspect to

include in the impacts on environmental load studies

of cotton woven fabrics. In order to mitigate the pol-

lution, wastewater treatment techniques, like physical

and chemical techniques, biotechnology and mem-

brane separation technology will be most commonly

adopted. However, the treatments just succeed in

transferring chemical pollutants to other agents, but

essentially fail to put an end to pollution. ChF is a way

to help tackle the pollution problems at its source in

chemical management.

In this paper, the ecotoxicity of 1 kg cotton woven fab-

ric was assessed based on ChF methodology. It was

shown that the total ecotoxicity was approximately

41526.10 PAF·m3·d. and weaving was the most typi-

cal high toxicity technology. Generally, this might be

one of the typical features of cotton woven fabrics.

Among all the materials, triphenyl phosphate had the

biggest impact on ecotoxicity of ChF due to its per-

sisting pollution and high toxicity to ecosystem. To

relieve the environmental load caused by alkaline

substances, amylases are recommended in several

processes, like desizing. With the prohibiting of high

toxicity azo dyestuffs, more environmentally friendly

dyestuffs are used as substitutes. Consequently it

seems that the selection of auxiliaries is more impor-

tant than the selection of dyestuffs, which is contrary

to the common view that heavy focus should be put

on how to choose dyestuffs.

As a quantitative assessment tool, ChF allows for

identification of the technologies, pollution sources

and pollutants, which can help companies recognize

and prioritize opportunities for improvement to save

cost and materials. Besides, ChF methodology also

provides a new way of thinking for the development

of future industrial emission standards in a more rea-

sonable way of considering the toxic effects of pollu-

tants. 

Currently, there are still many challenges to over-

come when it comes to the sustainable use of chem-

icals in the textile industry. The secret formula is one

of them and it means more requirements will be set

to chemical manufacturers. In future research, efforts

are needed to be done to enrich the database and

develop a model in order to make the evaluation pro-

cess more systematized and efficient.
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INTRODUCTION 

Portfolio formation and its management is one of the
widely debated and researched topics across the
financial fraternity. From investor’s view point, choos-
ing stocks for portfolio formation is one of the impor-
tant decisions. Before the emergence of Modern
Portfolio Theory (MPT afterwards) designed by Harry
Markowitz in 1952 to use time horizons for financial
markets, investments were regarded as standalone
securities without realizing the concept of portfolio.
MPT introduced a new concept to institutional and
individual investors alike in the field of investments by

giving the understanding of correlations among
stocks and their prices. This concept enabled the
potential investors to look at systematic risk as only
priced risk in the context of extremely diversified port-
folio while diversifying away standalone risks of other
securities by including uncorrelated securities.
Following the footsteps of MPT, investors started
diversifying their portfolio in the local stock market
(also known as domestic diversification) only to use
this concept to form a globally diversified portfolio at
a later stage. International and cross border diversifi-
cation opportunities started to see the light of the day
in the 1980s when researchers, academicians and
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ABSTRACT – REZUMAT

The impact of domestic portfolio diversification strategies in Toronto stock exchange
on Canadian textile manufacturing industry 

The aim of this research study is to examine the impact of domestic portfolio diversification strategies in Toronto Stock
Exchange (TSX) on Canadian textile manufacturing industry in order to obtain attractive investment opportunities.
Dissipation of benefits of globally diversified portfolios due to overwhelming convergence among the international and
regional stock markets around the globe have given rebirth to the idea of domestic portfolio diversification particularly
after the global financial crisis of 2008. Textile industry in Canada is challenging but can achieve higher performance
based on Toronto Stock Exchange behavior. Therefore, this is a complex applied research focused on investigating TSX
as standalone stock market for domestic diversification opportunities. For this purpose, correlation coefficients, pairwise
cointegration, multiple cointegration and causality of sectors in TSX have been examined. The empirical results show
that majority of the sectors in TSX do not share high correlation with each other and they are also not highly
cointegrated. These empirical findings indicate that TSX presents attractive opportunities for domestic portfolio
diversification. 

Keywords: TSX, cointegration, Granger causality test, global financial crisis, international diversification of investment
portfolios

Impactul strategiilor de diversificare internă a portfoliului de pe piața bursieră din Toronto asupra industriei
textile din Canada

Obiectivul acestui studiu de cercetare este de a analiza impactul strategiilor interne de diversificare a portofoliului de pe
piața bursieră din Toronto (TSX) asupra industriei textile din Canada, pentru a identifica oportunități investiționale
atractive. Disiparea profitului portofoliilor diversificate la nivel global, datorită convergenței semnificative existente între
piețele bursiere regionale și internaționale, a condus la renaşterea ideii de diversificare internă a portofoliului, în special
după criza financiară globală din anul 2008. Industria textilă din Canada reprezintă o provocare, dar se poate obține un
nivel mai ridicat de performanță pe baza dinamicii comportamentului Bursei de Valori din Toronto. În consecință, acest
studiu reprezintă o cercetare aplicativă complexă focalizată pe investigarea comportamentului TSX ca piață bursieră de
sine stătătoare, pentru identificarea oportunităților interne de diversificare a portofoliului. În acest scop, s-au analizat
coeficienții de corelație, cointegrarea și relațiile de cauzalitate existente la nivelul sectoarelor de activitate ale TSX.
Rezultatele empirice arată că majoritatea sectoarelor din TSX nu indică o corelație semnificativă și, de asemenea, nu
prezintă un nivel foarte ridicat de cointegrare. Aceste constatări empirice sugerează faptul că TSX prezintă oportunități
atractive pentru diversificarea internă a portofoliului investițional.

Cuvinte-cheie: TSX, cointegrare, testul de cauzalitate Granger, criză financiară globală, diversificarea internațională a
portofoliului investițional



investors started to investigate integration among

international stock markets. Global investors per-

ceived the opportunity of investing in the internation-

al financial markets while holding a diversified portfo-

lio and minimizing risk as fruitful and luxurious. 

The trend of investing in the international stock mar-

kets exploded with the rise of emerging stock mar-

kets which provided better global diversification

opportunities than the global investment opportunities

offered by developed stock markets. Globalization,

advent of multinational companies, electronic trading

and better means of communication reduced block-

ade to international investment and only escalated

and encouraged international portfolio diversification

trend. As a result, an overwhelming surge in global

diversification of portfolios has been observed. Such

rapid, bulk and huge investment in this arena has

made international stock markets more integrated

while fading away the benefits of international diver-

sification. High degree of integration was realized

when most of the international developed and emerg-

ing financial stock markets experienced jolts of

uncertainty, volatility and stock market crashes after

the Asian financial crisis of 1997 and global financial

crisis of 2008 which made investors and researchers

realized that perhaps international portfolio diversifi-

cation is not as effective as it used to be. Financial

crises are caused by various cause such as: over

shooting of markets, excessive leverage of debt and

credit booms, miscalculation of risks, the rapid out-

flow of capital from a country (capital flight), mis-

matches between asset types, such as investing in

short term assets to fund long term assets [1].

Despite the worldwide acceptance of MPT among

researchers and practitioners, “under-diversification”

is still a relevant phenomenon where investors do not

diversify their portfolio to a larger extent. 

The government of Canada stated that textile manu-

facturing industry in Canada comprises of establish-

ments primarily engaged in manufacturing goods and

products for traditional and non-traditional textile

markets. Traditional textile markets are destined to

apparel and accessories; households; furnishings;

and floor coverings. Non-traditional markets are

defined as technical textiles and “other valued-added

textiles”. The textile manufacturing industry exhibited

limited growth in output between 2011 and 2015

while domestic market for textile goods and products

increased by $1.4 billion between 2011 and 2015. In

case of developed countries such as Canada, there

is a tendency to support the development of national

systems with complex international interactions.

Moreover, textile companies in Canada manufacture

for a wide variety of technical and niche applications

and are integral to the supply chains of the various

important industries in this country. 

The Canadian government suggested that advances

in the global textile industry have resulted in textiles

increasingly competing with other materials such as

metals, wood, and plastics for applications that have
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traditionally been held by these other materials.

Therefore, the management of any apparel/textile

company has significantly endeavoured to improve,

support and expand its activities, both in serving the

domestic market and, most of all, with the aim to

export and be competitive at the global market.

LiTERATURE REVIEW 

This literature review surveys the financial literature

on financial integration among stock markets. It pre-

sents view of proponents and opponents of interna-

tional financial integration of stock markets. Billio et

al. [2] examined diversification opportunities among

international stock markets and found that an

increase in financial integration at international level

would lead to decline in portfolio diversification inter-

nationally. These findings give rise to the idea of

domestic diversification. However, international port-

folio diversification has its advantages and disadvan-

tages. Caporale et al. [3] found that financial integra-

tion is followed by financial disintegration. Menon et

al. [4] suggested that national economies are respon-

sive to international events and consequences of

international events can effectively change the prices

of securities in the stock market. Bundoo [5] exam-

ined diversification opportunities between US stock

market and Southern African stock markets and con-

cluded that stock markets in southern Africa are not

cointegrated with the stock markets of US. Moreover,

Moerman [6] revealed that sectorial portfolio diversi-

fication’s benefits outperformed international portfolio

diversification’s benefits. Therefore, the aim of this

empirical research study is to examine the stock mar-

ket of Toronto Stock Exchange (TSX hereafter) for

domestic sectorial diversification opportunities regard-

ing textile industry. 

On the other hand, Balli et al. [7] examined ASEAN

stock markets for domestic and international sectori-

al diversification opportunities and reported that

domestic diversification outperformed international

sectorial diversification. Alam et al. [8] investigated

the sectorial performance of conventional and Islamic

indices. They found that in short run conventional

and Islamic indices follow same patterns of efficiency

and perform well. However, Islamic indices remain

attractive and proved to be resilient throughout the

sample period which lead to a finding that Islamic

indices are weakly form efficiency market. As per

best of our knowledge, there is no study in recent

financial literature which has examined the TSX for

domestic sectorial diversification opportunities. It is

the first attempt to expose the TSX as standalone

stock market to sectorial diversification opportunities.

In this study, domestic sectorial integration opportuni-

ties will be examined through multiple and pairwise

cointegration and granger causality tests among sec-

tors of TSX.

Domestic portfolio diversification opportunities will

be examined through the sectors of TSX. It will be



examined if the sectors of TSX are highly correlated

or not. Similarly, pairwise and multiple cointegration

among sectors will be examined to inspect if sectors

offer diversification opportunities or not. Sectors’

causality will also be examined through granger

causality test. Toronto stock exchange is a thriving

stock exchange and is also the largest stock

exchange in the world by number of listed compa-

nies. TSX presents a great domestic sectorial diver-

sification opportunity for academics as well as domes-

tic institutional and individual investors. According to

official statistics, Toronto Stock Exchange is one of

the global leaders in diversified industries, including

companies involved in relevant areas such as: com-

munications and media, consumer products and ser-

vices, financial services, industrial products and ser-

vices (includes also manufacturing companies), and

real estate.

DATA AND METHODOLOGY

Toronto Stock Exchange or TSX, hereafter, has been

selected to examine the domestic diversification

opportunities among sectors. The index is TSX com-

posite. Daily stock prices of the companies have

been downloaded from Datastream on sectorial

basis. Time period of the data started from December

1st, 2008 and ended on March 8th, 2019 [9–10]. In

order to check for the diversification among sectors,

price weighted index has been developed. It is devel-

oped by calculating the average prices of companies

in each sector on daily basis. The return of these

average prices is calculated to get returns of price

weighted index. Following formula has been used to

calculate returns:

Index
t
– Index

t–1
Returns =                          × 100        (1)

Index
t–1

where: Index t is closing index and Index t–1 – open-

ing index.

The total number of activity sectors included on TSE

is 20 and total number of companies in all 20 sectors

for the above-mentioned time period is 356. The

exact situation is provided in table 1. To examine

domestic diversification opportunities among sectors

of TSE, pairwise correlation, cointegration and

causality tests have been run and their results are

examined. For analytical purposes, the following sta-

tistical and econometrics technique have been

applied using STATA econometric software.

Correlation matrix

Correlation measures how two stocks are closely

related. It captures the movement of two stocks. Its

value ranges from +1 to –1. The value +1 indicates

that stocks have tandem movements whereas –1

shows that movements of two stocks are not tandem.

0 correlation coefficient indicates that there is no rela-

tionship in two stocks. Marokowitz’s Modern Portfolio

Theory considers correlation as its integral part and

states that investor should go for diversification when
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correlation coefficient between two securities is low.

MPT theory used the following equation to measure

the portfolio’s variance [11]:

s2p = w2As2A + w2s2B + 2wAwBsAsBrAB (2)

where s2p is variance of portfolio, w2A – weight of a

security in portfolio and r – correlation coefficient.

Unit root test

Efficient market hypothesis [12] states that stock

prices reflect all private and publicly available infor-

mation. Information efficiency is divided in three main

categories, such as: weak form, semi-strong form

and strong form [13]. Efficient market hypothesis

includes some essential aspects such as: investor

rationality, uncorrelated errors, and the assumption

that there are no limits to arbitrage [14]. Unit root test

is applied to examine the stationarity of the data.

Dickey Fuller test is used frequently to examine the

stationarity of time series data. It may or may not

reveal trend in the data which indicates inefficiency in

sectors. Unit root test has null and alternate hypoth-

esis. Its null hypothesis states that data is non sta-

tionary:

yt = ryt–1 + mt (3)

where y – sector index for a given day, yt–1 – sector

index for previous day, r – co-efficient and mt – error

term.

SECTORS AND NUMBER OF COMPANIES

Sector No. of companies

Air Space and Defence 8

Alternative Energy 9

Automobile and Parts 6

Beverages 9

Chemical 12

Construction and Material 23

Electricity 17

Electronic and Electrical Material 21

Fixed line and Telecommunication 3

Food and Drug Retailers 8

Food Producers 22

Forestry and Paper 12

Gas, Water and Multi Utilities 6

General Industries 8

General Retailers 25

Health Care Equipment Services 38

Industrial Engineering 24

Oil Equip and Services 46

Personal Goods 5

Pharmaceutical and Biotechnology 54

Total 356

Table 1



Johansen’s multivariate co integration test

If two sectors have tandem movements and are
showing the tendency of moving together, they are
said to be integrated. To examine the equilibrium
relationship in short run and long run among non-sta-
tionary indices of all sectors, Johansen’s Multivariate
Co-integration Test will be examined as follows:

l trace = –T  ln (1 – li)                 (4)

where li is estimated eigen value and l trace – trace
statistic.

Granger Causality Test

This test is used to determine how one sector is
impacting the other sector. There may be a unidirec-
tional or bi-directional relationship between two sec-
tors, if they are integrated. Unidirectional sector indi-
cates that one sector is impacting the other sector
whereas bi directional relationship among both sec-
tors shows that both are impacting each other. 

EMPIRICAL RESULTS

The following table 2 provides descriptive statistics of
selected databases based on stock returns. It shows
the mean daily return of the sectors. Health care
equipment services sector is posting the highest
average return which is 0.105% followed by automo-
bile parts sector which posted a return of 0.095%.
The table also shows standard deviation value.
Standard deviation value shows how volatile the sec-
tor is. It shows that highest volatile sector is health
care equipment services which is posting standard
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deviation value of 4.535 followed by Pharmaceutical
and Biotechnology sector with standard deviation
value of 2.98. It is important to note the health care
equipment services sector is the one with highest
return and it is also the most volatile sector as well.
The table also shows the minimum and maximum
returns for each sector. Interestingly, healthcare ser-
vices sector is the one which has posted lowest min-
imum and highest maximum return which is
–57.73709% and 51.13089% respectively. 
The correlation matrix examines the relationship
between two sectors. It shows that if two sectors are
related to each other or not? It inspects if two sectors
dependent upon each other or not. Correlation’s
coefficients values range from +1 to –1. +1 coefficient
value suggests that there is a strong relationship
between two sectors and –1 coefficient value states
that two sectors are independent of each other.
Airspace and Defence sector does not share strong
relationship with any sector. It is not highly correlated
with any sector. Similarly, Alternative energy sector is
not highly correlated with any sector. It is clear from
the table that the correlation coefficients among sec-
tors are extremely low. The general trend from the
table shows low correlation coefficient values for all
the sectors. It means that all the sectors are not high-
ly correlated with each other, in other words, they are
independent of each other. Correlation coefficient
results suggest that TSE presents excellent domestic
diversification opportunity among sectors because
their movements are not tandems. It means that loss
of investment in one sector will not put the investment

DESCRIPTIVE STATISTICS

Sector name Obs. Mean (%) Std. dev. Min (%) Max (%)

Air Space and Defence 2679 0.055647 1.279235 –15.2679 9.346304

Alternative Energy 2679 0.026001 2.760541 –18.7148 19.74444

Automobile and Parts 2679 0.095963 1.750812 –9.03341 11.50117

Beverages 2679 0.040732 0.8380914 –5.60183 4.894431

Chemical 2679 0.053355 1.517616 –7.71385 6.452939

Construction and Material 2679 0.033793 1.548734 –12.5662 16.35021

Electricity 2679 –0.02469 3.360679 –28.6107 52.5243

Electronic and Electrical Material 2679 0.012184 1.299013 –8.34414 8.115792

Fixed line and Telecommunication 2679 0.038065 0.8373267 –5.75896 7.186808

Food and Drug Retailers 2679 0.041232 0.8114182 –5.01 4.565838

Food Producers 2679 0.034508 0.906451 –5.81748 4.144572

Forestry and Paper 2679 0.045439 1.528355 –9.28537 6.995167

Gas, Water and Multi Utilities 2679 0.010186 1.779282 –9.38685 18.04949

General Industries 2679 0.07842 1.521718 –9.90595 8.653371

General Retailers 2679 0.04426 0.7015473 –3.68192 3.389365

Health Care Equipment Services 2679 0.105062 4.535045 –57.7371 51.13089

Industrial Engineering 2679 0.034942 0.9846312 –4.91691 5.10728

Oil Equip and Services 2679 0.022193 0.9342339 –5.70999 4.631205

Personal Goods 2679 0.06548 2.053176 –23.6146 25.76177

Pharmaceutical and Biotechnology 2679 –0.01149 2.948174 –53.3728 22.57859

Table 2



at risk in the other sector since there is no strong cor-
relation among activity sectors. 
Table 3 provides empirical results on stationarity
based on Unit Root Test at Level 0 and Level 1. Co-
integration will be examined among sectors. One of
the pre-conditions of co-integration test is data must
be stationary. Time series grows in value if data is not
stationary. In order to run co-integration test, several
times series should be stationary at same level. To
examine whether times series is stationary or not,
Dicky-fuller test has been used. Hypothesis for
Dickey-fuller test is data has a unit root which indi-
cates that time series is not stationary. For data to be
stationary at 1% level of significance with critical
value of –3.430, the t-stat value of time series must
be less than critical value with p value less than 5%.
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Above table shows that all sectors are non-stationary
at level 0 because t-stat value is greater than critical
value with p value greater 5 %. The results show that
null hypothesis could not be rejected, and time series
has unit root hence data is nonstationary. However,
all-time series are found to be stationary at first order
difference because t stat value is lower than critical
value with 0 p value which is lower than 5% which
indicates that null hypothesis is rejected, time series
is stationary at level 1.
Table 4 provides empirical results on VAR Lag length
Selection Criteria. The precondition of co-integration
and granger causality test is to determine the lag
length, after that, it will be determined if two sectors
are integrated or not. VAR lag length test is used to
select the lag length for the granger causality test.

STATIONARITY CHECK:  UNIT ROOT TEST AT LEVEL 0 AND LEVEL 1

Sector name
1% Critical

value

Level 0
Remarks

Level 1
Remarks

t-stat prob. t-stat prob.

Air Space and Defence –3.43 –0.705 0.8454 Non stationary –51.617 0 Stationary

Alternative Energy –3.43 –2.742 0.067 Non stationary –55.124 0 Stationary

Automobile and Parts –3.43 –1.485 0.5409 Non stationary –49.192 0 Stationary

Beverages –3.43 –1.058 0.7315 Non stationary –52.738 0 Stationary

Chemical –3.43 –2.059 0.2613 Non stationary –48.751 0 Stationary

Construction and Material –3.43 –2.787 0.0602 Non stationary –56.213 0 Stationary

Electricity –3.43 –1.206 0.671 Non stationary –57.134 0 Stationary

Electronic and Electrical Material –3.43 –2.015 0.2802 Non stationary –50.9– 0 Stationary

Fixed line and Telecommunication –3.43 –1.3 0.6292 Non stationary –52.833 0 Stationary

Food and Drug Retailers –3.43 –0.392 0.9114 Non stationary –51.339 0 Stationary

Food Producers –3.43 –1.717 0.4225 Non stationary –49.793 0 Stationary

Forestry and Paper –3.43 –1.998 0.2875 Non stationary –48.536 0 Stationary

Gas, Water and Multi Utilities –3.43 –2.362 0.1529 Non stationary –55.349 0 Stationary

General Industries –3.43 –0.456 0.9004 Non stationary –51.315 0 Stationary

General Retailers –3.43 -0.971 0.7637 Non stationary –47.805 0 Stationary

Health Care Equipment Services –3.43 –1.515 0.5258 Non stationary –52.17 0 Stationary

Industrial Engineering –3.43 –2.48 0.1204 Non stationary –47.731 0 Stationary

Oil Equip and Services –3.43 –2.013 0.2811 Non stationary –47.012 0 Stationary

Personal Goods –3.43 –0.44 0.9032 Non stationary –54.739 0 Stationary

Pharmaceutical and Biotechnology –3.43 –1.929 0.3185 Non stationary –51.873 0 Stationary

1% Critical value = –3.430

Table 3

VAR LAG LENGTH SELECTION CRITERIA

Lag LL LR df p FPE AIC HQIC SBIC

0 –82384.9 - - - 125.286 61.5881 61.6041 61.6322

1 25600.1 2.20E+05 400 0 1.5e–33* –18.8192* –18.4847* –17.8945*

2 25947.8 695.34 400 0 1.60E–33 –18.7801 –18.1269 –16.9746

3 26178.4 461.17 400 0.019 1.80E–33 –18.6535 –17.6817 –15.9673

4 26432.2 507.56* 400 0 2.00E–33 –18.5442 –17.2537 –14.9773

Table 4

Note: * indicates lag order selected by the criterion



Five methods are used in the tests when it comes to
selecting the lag length number. These methods are
LR test Statistics, Final Predication Error (FPE),
Akaike information Criterion (AIC), Schwarz Bayesian
information criterion (SBIC) and Hannan-Quinn infor-
mation criterion (HQIC). Rule of thumb suggests that
lag length will be selected which has a support of
most tests or methods. It is clear from the table that
FPE, AIC, SBIC and HQIC are supporting lag length
2 and it should be selected whereas LR test is sup-
porting lag length 4. Therefore, lag length 1 will be
selected for empirical analysis. 
Table 5 provides empirical results on Multivariate
Johansen’s Co-integration Tests. The interpretation
of the Johansen’s Multivariate Co-integration tests
depends on Trace Statistics or Eigen Value. The null
hypothesis for Trace Statistics is that there is no co-
integration among sectors and alternate hypothesis
states that there is minimum one co-integration
among sectors. For Eigen value, hypothesis is same
as the hypothesis of Trace Statistics as far as null
hypothesis is concerned, however, its alternate
hypothesis is different than the alternate hypothesis
of Eigen value. Alternate hypothesis of Eigen value
states that there is only one co-integration exists. For
co-integration to exist, Trace Statistics value should
be less than critical value for the given rank. The rank
represents the number of possible co-integrated
equations. Eigen value suggests that no cointegra-

tion exists in two sectors. Similarly, trace statistics
value suggests that series are not cointegrated with
each other. Pairwise co-integration will be run to
examine if individual sectors are co-integrated with
each other or not. 
Pairwise Co-integration test has been run to examine
if one sector is integrated to another sector. If the one
sector is integrated to another sector, provided they
are statistically significant, then, diversification can-
not happen between them. For diversification to hap-
pen, a sector must be statistically significant and
must not be co-integrated to another sector. If sectors
are co-integrated to each other or not. * sign indi-
cates that values are significant. Rank “0” indicates
that there is no co-integration and “1” indicates that
there is co-integration. Some pairwise co-integration
sectors have results which are statistically not signif-
icant. One pair is alternative energy sector and gas
and water and multi utilities sector, second pair is
chemical sector and construction and material sector,
third pair is chemical sector and industrial engineer-
ing sector and fourth pair is construction material sec-
tor and industrial engineering sector. The empirical
results revealed that there is no relationship between
the pairs mentioned above. 
According to our empirical analysis 11 pairs of sec-
tors are co-integrated with each other whereas rest of
the pair sectors are not co-integrated with each other.
It is clear that most of the pair sectors are significant
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MULTIVARIATE JOHANSEN’S CO-INTEGRATION TESTS

Maximum
rank

Parameters LL
Eigen
value

Trace
statistic

5% critical
value

0 20 25100.42 - 970.2174* -

1 59 25173.56 0.05314 823.9259 -

2 96 25234.76 0.04466 701.5324 -

3 131 25288.13 0.03906 594.7934 -

4 164 25330.76 0.03133 509.52 -

5 195 25368.57 0.02783 433.9137 -

6 224 25402.51 0.02502 366.0319 -

7 251 25432.01 0.02178 307.0316 -

8 276 25458.07 0.01927 254.902 -

9 299 25482.49 0.01806 206.0736 277.71

10 320 25500.46 0.01332 170.1367 233.13

11 339 25515.96 0.01151 139.1263 192.89

12 356 25530.99 0.01116 109.0598 156

13 371 25544.75 0.01022 81.5424 124.24

14 384 25555.62 0.00808 59.8108 94.15

15 395 25563.5 0.00587 44.044 68.52

16 404 25570.52 0.00523 29.9987 47.21

17 411 25576.33 0.00432 18.3936 29.68

18 416 25580.99 0.00348 9.0602 15.41

19 419 25584.43 0.00256 2.1954 3.76

20 420 25585.52 0.00082 - -

Table 5

Note: *indicates co integrated equations

and are not co-integrated, as well
which can provide a great diversifi-
cation opportunity. For instance, air
space and defence sector are not
co-integrated with each other which
presents a great diversification
opportunity. It means that if a portfo-
lio manager has invested in both
above mentioned sector, a loss in
one sector can be off-set with the
profit in another sector. However,
some pair of sectors are co-integrat-
ed. For instance, construction materi-
al and electricity are co-integrated
with each other which means there is
no diversification opportunity between
these two sectors and perhaps the
loss in one sector will also lead to
loss in another sector. TSE presents
excellent opportunity for diversifica-
tion because most pair sectors are
not statistically significant and have
no co-integration with each other. 
In order to determine if one sector
causes another sector in short run
and if the series can be used for fore-
casting purposes, granger causality
test is run. Granger causality test has
null and alternate hypothesis. Its null
hypothesis states that no granger
causality among specific sectors. To
prove that there is granger causality



between two sectors, null hypothesis should be
rejected when p-value is less than 5%. Like any other
test, it has its short coming. For instance, it only gives
information about existence or non-existence of
Granger causality, but it is silent on coefficient of
causality. It is important to remember that relationship
between two sectors in granger causality test is uni-
directional which means one sector causes another
sector but not the other way around. It is clear from
the results that some sectors cause other sectors.
For instance, air space and defence sector cause
alternative energy sector. It also causes beverages
sector, forestry and paper, general industries and
general retailers sectors respectively. But the rela-
tionship is unidirectional. It means that there exists a
causality between air and defence sector and sectors
it has relationship with, but this relationship is unidi-
rectional not a bidirectional and this relationship only
exists in short run. It indicates that a rise or fall in
prices of air and defence sector may cause rice or fall
in the prices of other sector with whom it shares a
unidirectional relationship. But two things are impor-
tant to note here. Firstly, a rise or fall in the prices fair
and defence sector and other sectors with whom it
has unidirectional relationship is only established in
short run and secondly, the rise and fall in prices of
other sectors, with whom air and defence sector
shares a relationship, is caused by a rise and fall in
prices of air and defence sector since the relationship
is unidirectional only. Therefore, diversification is not
possible in short run with air and defence sectors and
sectors associated with it through a unidirectional
relationship. 
Similar trend can be observed in other sectors as
well. For instance, alternative energy sector causes
“food producers” sector and forestry and paper sec-
tor causes construction material sector and food and
“drug retailers” sectors. Therefore, diversification
cannot happen for a portfolio manager in such sec-
tors in short run. However, diversification is possible
in such sectors where unidirectional relationship and
granger causality do not exist among sectors. For
example, Alternative energy sector does not share
any unidirectional relationship with any sector other
than “food producers” sector. It means portfolio man-
ager, or an investor can diversify the portfolio by
investing in alternative energy sector and other sec-
tors as well. This trend is also observable throughout
the table. Many sectors in TSE present a fruitful
diversification opportunity. All the empirical results
suggest that TSE is an attractive stock market for
domestic portfolio diversification. It gives fruitful
diversification opportunities to investors who invest
domestically for diversification and maximize their
portfolio wealth without investing in international

stock markets. It is evidenced from the results of mul-
tivariate cointegration tests, pairwise cointegration
tests and granger causality tests that TSE has ample
amount of domestic diversification opportunities in
short run and long run. Most of its sectors are not
cointegrated to each other which provides an excel-
lent opportunity for investors to maximize their port-
folios’ value. These findings are line with the findings
of previous literature on domestic diversification
opportunities. 

CONCLUSIONS

In 1952, Harry Markowitz has made a significant con-
tribution to financial economics by introducing the
new idea of portfolio selection and diversification.
Since then investors started looking investment
opportunities and offsetting their risk by diversifying
their portfolios regionally and globally. International
portfolio diversification started in early 1980s and
reached its peak in 2000s resulting in overwhelming
financial integration among international and regional
stock markets. As a result of extreme convergence
among stock markets, benefits of global portfolio
diversification started to dissipate, and this notion
was further confirmed by Asian financial crisis of
1997 and global financial crisis of 2008. Due to fre-
quent financial crisis, high uncertainty at political
arena and extreme integration among financial mar-
kets, the idea of domestic portfolio integration started
getting attention day by day. Therefore, this study
aims to study domestic portfolio diversification oppor-
tunities in the TSX. It is a prosperous stock exchange
which offers ample amount of diversification opportu-
nities in domestic context. In order to identify diversi-
fication opportunities in TSX of Canada, correlation
coefficients of the sectors have been examined using
correlation tests. Their pairwise and multiple cointe-
gration have also been examined and causality
among sectors have also been tested through
granger causality test. It is very clear from the results
that TSX offers excellent domestic portfolio diversifi-
cation opportunities. Most of its sector does not share
high correlation with each other and they are also not
highly cointegrated with each other which means that
investors can diversify their portfolio by investing in
different sectors and maximize their portfolios’
wealth. Future research should focus on predicting
the future trends of the sectors of TSX in order to
make the investment horizon more certain and avoid-
ing any volatilities in stock prices. Textile industry in
Canada is challenging, rather heterogeneous and not
very representative but can achieve higher perfor-
mance based on optimizing investments on Toronto
Stock Exchange of Canada.
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INTRODUCTION 

The tensile properties of spun yarns are one of the

basic performance properties of a product and as

such, are important not just in the case of post spin-

ning mechanical operations (like warping, weaving,

braiding, knitting, production of direct oriented struc-

tures and composites), but also in operations needed

to assemble the yarns into a final product. For exam-

ple, spun yarns are used in the production of

women’s tampons, where inappropriate or insufficient

yarn tensile strength can lead to the breaking of

yarns, and consequently, to a lower efficiency of pro-

duction. Tensile properties are characterized by two

parameters: a) breaking tenacity, which is a ratio

between breaking load and yarn linear density,

expressed in N/tex, and b) breaking strain, which is a

ratio between breaking extension and initial length of

yarn, expressed in % [1]. Breaking strength could be

also expressed as absolute value, e.g. as breaking

force, which is the maximum force applied to the test-

ing yarn in a tensile test carried to rupture, expressed

in cN or N. There are several factors, which have an

impact on the tensile properties of spun yarn. These

can be grouped into the following categories: a) prop-

erties of spinning material (tensile strength of used

fibers, fiber length, fiber cross-section etc.); b) yarn

structure (arrangement of fibers in the yarn, yarn fine-

ness, the number of fibers in yarn cross-section,

adhesion, twist, type of spinning technologies, yarn

irregularities); c) testing conditions (gauge length,

rate of extension/loading, humidity, temperature, the

manner of sampling). 

In a standard test procedure, a gauge length of 500

mm is employed, whilst having 20±2 s of time avail-

able in order to cause breaking. A clamped yarn

breaks in its weakest point according to the principle

of the “weakest link” and this strength value is then

assigned to the whole length of yarn [2]. As the test

sample is gripped at the two ends and maintains

such a static state during the duration of the testing

process, the evaluated tensile properties are treated

as static tensile properties [3]. It is worth mentioning

that in actual practice the yarns undergo stress and

strains that are substantially different from those

Breaking force analysis of cotton ring-spun yarns
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ABSTRACT – REZUMAT

Breaking force analysis of cotton ring-spun yarns                                                                               

The most important factor influencing the production efficiency of final textile products made from yarns as well as the
product performance are the tensile properties of the yarn. The breaking force of spun yarns, assessed with standard
static procedure, depends on several parameters, one of them being the testing conditions. In our research, the effect
of testing conditions (climatic conditions, the ratio gauge length/constant rate of extension and sampling, which refers to
the number of yarn package and the position of package winding, taken from the bobbin) on the breaking force of 100%
cotton ring-spun yarns was analyzed using the statistical evaluation method “ANOVA”. The results clearly indicate that
indeed all input parameters of testing conditions have a statistically significant effect on the breaking force of the yarn.
When we judge the suitability of yarns to withstand a certain tension produced by technological procedures, not only
average breaking force should be focused on. The information regarding the tested minimum breaking force of yarn
becomes very important regarding our decision whether yarn fulfills the prescribed value of breaking force.

Keywords: ring-spun yarns, breaking force, testing conditions

Analiza privind rezistența la rupere a firelor din bumbac filate cu inele

Cel mai important factor care influențează eficiența producției de produse textile finale obținute din fire, precum și
performanța produsului este reprezentat de proprietățile de tracțiune ale firelor. Rezistența la rupere a firelor filate,
evaluată cu procedura statică standard, depinde de mai mulți parametri, unul dintre aceștia fiind condițiile de testare. În
această lucrare a fost analizată, folosind metoda de evaluare statistică „ANOVA”, influența condițiilor de testare
(condițiile climatice, raportul dintre distanța între cleme și viteza constantă a alungirii epruvetei și eșantionarea, care se
referă la numărul de formate de fire și poziția înfășurării firelor, preluate din bobină), asupra rezistenței la rupere a firelor
filate cu inele, din 100% fibre de bumbac. Rezultatele au indicat clar că, într-adevăr, toți parametrii de intrare ai condițiilor
de testare au un efect semnificativ statistic asupra rezistenței la rupere a firului. Atunci când se evaluează capacitatea
firelor de a rezista la o anumită solicitare produsă în timpul proceselor tehnologice, nu trebuie să se țină cont numai de
forța de rupere medie. Informațiile  privind forța de rupere minimă obținută la testarea firelor devin foarte importante
pentru a decide dacă firul corespunde valorii impuse pentru rezistența la rupere.

Cuvinte-cheie: fire filate cu inele, rezistență la rupere, condiții de testare
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applied in standard testing conditions. Therefore, the

results obtained under a standard test method cannot

always be expected to fully reflect the end-use per-

formance of the yarns [4]. The tensile strength and

breaking extension of the yarns are not unique func-

tions, but they are dependent upon the rate of exten-

sion and gauge length. To compare tensile properties

of yarns, it is thus important to indicate if the tester

uses a constant rate of loading (CRL) or a constant

rate of extension (CRE) [5], and what is the distance

between gauges. The results of some researches

indicate the following:

• yarn tenacity increases with the extension rate for

all spinning system [4] and that the relationship

between yarn tenacity and the logarithm of rate of

extension is approximately linear [6]; the effect of

rate of extension on breaking extension is lesser

than its effect on strength [7];

• yarn tenacity decreases with higher gauge length

for ring and friction spinning systems; the strength

of ring- and friction-spun yarns show a sharp drop,

as the gauge length increases from 1 mm to 40 mm

and from 1 mm to 20 mm, respectively; as for gauge

length greater than 40 mm, the strength of ring-

spun yarns appears fairly constant, whereas the

strength of friction-spun yarns is reduced continu-

ously with the increase of gauge length [8].

In this work, the influence of testing conditions (cli-

matic conditions, gauge length/rate of extension, the

number of package, the position of package winding

taken from the bobbin) on the breaking force of ring-

spun yarns produced from cotton fibers have been

analyzed. The ANOVA statistical method has been

used to assess the significance of the individual

parameter. 

MATERIALS AND METHODS 

Carded, bleached and hydrophobic (Sevophob)

100% cotton ring-spun yarns used for the production

of women’s tampons were analyzed in this research.

The fineness of used yarns was 60 × 4 tex. Breaking

force was measured according to the ISO 2062 from

the same yarn lot using Tinius Olsen universal tester

(Model H10KT) under following testing conditions:

• climatic conditions: standard (65 ± 2% relative humid -

ity; 20 ± 2oC) and non-standard conditions   (40 ± 2%

relative humidity; 23 ± 2oC);

• gauge length – constant rate of extension: 200 mm

– 100 mm/min; 250 mm – 250 mm/min, and 500

mm – 500 mm/min;

• number of the package: No. 1, No. 2, and No. 3;

• position of package winding taken from the bobbin:

outer, middle, and inner winding;

• number of measurements per sample: 60.

Altogether 3240 (60 × 2 × 3 × 3 × 3) tests were con-

ducted to determine the mean value of breaking force

and elongation of tested spun yarns. To determine if

there was any difference among the testing condi-

tions according to the breaking force of spun yarns

and to test null hypotheses (table 1), analysis of vari-

ance procedure (ANOVA) was performed using IBM

SPSS 22 statistical software package. The selected

value of significance level for this procedure was 0.05

(or 95% confidence level).

RESULTS AND DISCUSSIONS

The results of ANOVA analysis are presented in table

1. The input parameters (climatic conditions, gauge

length/rate of extension, the number of the package

and the position of package winding taken from the

bobbin) with p-values lower than 0.05 are expected

to be significant. Since the results showed that all

input parameters had p-value lower than 0.05, all null

hypotheses were rejected. This means that testing

conditions significantly affect the yarn breaking force

at 95% of confidence level.

The effect of climatic conditions

Figure 1 shows the results of breaking force of cotton

yarns regarding the standard and non-standard cli-

matic conditions at different positions of package

winding. The breaking force measured by standard

climatic conditions is higher than by non-standard cli-

matic conditions. Cotton yarns absorb more water

vapour at higher relative humidity, thus resulting in
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Fig. 1. The effect of climatic conditions on yarn breaking

force

TEST OF NULL HYPOTHESES

Null hypotheses – H
0

Confirmation of H
0

Climatic conditions don’t have an effect on yarn braking strength no

Gauge length/rate of extension doesn’t have an effect on yarn breaking strength no

Number of the package doesn’t have an effect on yarn breaking strength no

The position of package winding doesn’t have an effect on yarn breaking strength no

Table 1



higher breaking strength. This is valid for all positions
of package windings.

The effect of gauge length/rate of extension

Figure 2 shows the results of breaking force of cotton
yarns regarding the gauge length – GL/constant rate
of extension – CRE at different number of the pack-
age. 

We should have in mind that the rate of extension
was not the same during the increase of gauge
length from 200 mm to 500 mm. The ratio between
the gauge length and the constant rate of extension
was 2, 1 and 1 for 200, 250 and 500 mm of gauge
length, respectively (table 2).

If we compare the results of breaking force for yarns
with the same ratio between the gauge length and
rate of extension, this following conclusion can be
made: yarn breaking force decreases with higher
gauge length (from 250 to 500). At higher gauge
lengths, there is more slippage and breakage of
fibers compared to shorter gauge lengths. If we
observe the ratio between the constant rate of exten-
sion and gauge length, we can conclude that these
ratios were 0.5, 1 and 1 for 200, 250 and 500 mm of
gauge length, respectively. If we compare the results
of breaking force for yarns with an increasing ratio
between the constant rate of extension and gauge
length, this following conclusion can be made: yarn
breaking force increases with increasing constant
rate of extension per gauge length. This is valid most-
ly for all numbers of the yarn package. As the rate of
extension increases, the percentage of ruptured
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fibres increases (the inter-fibre pressure tends to
increase), resulting in a higher breaking force, while
greater numbers of fibres are contributing to the
breaking load.

The effect of sampling

According to the standard, sampling should be per-
formed according to the procedures; namely if only
mean values are required, then 10 packages shall be
taken from the bulk sample, distributed as evenly as
possible among the cases and among the levels in
each case. In our case, 3 bobbins (packages) were
taken from the testing material, marked as package
1, package 2 and package 3. Then, from each pack-
age, the appropriate lengths of yarn were taken at
three different positions of package winding, namely:
from the outer, middle and inner package winding.
From each package winding position, 60 specimens
were tested. Figures 3 and 4 show the results of
breaking force of cotton yarns in regards to the num-
ber of package and the position of package winding
taken from the bobbin (outer, middle, and inner wind-
ing) at different climatic conditions, respectively. 
From the figure 3, the differences between the pack-
ages can be seen, which are according to the
ANOVA analysis, statistically important.
Results show that the middle package winding has
the highest breaking force in comparison with the
outer and inner package winding, thus implying that
yarn structure in the middle of the bobbin is more
homogenous, with less weak points. We assume that
in this case the tension at winding was not kept at the

GAUGE LENGTH AND RATE OF EXTENSION RATIO

Gauge length –
GL (mm) / constant
rate of extension –

CRE (mm/min)

Ratio
GL/CRE

Ratio
CRE/GL

200/100 2 0.5

250/250 1 1

500/500 1 1

Table 2

Fig. 2. The effect of gauge length/rate of extension
on yarn breaking force

Fig. 3. The effect of the number of yarn package on yarn
breaking force

Fig. 4. The effect of the position of package winding on
yarn breaking force



same level with the increase of bobbin diameter, thus

resulting in different yarn breaking strength. Yarn

damage is highest at yarn taken from the outer pack-

age winding. 

CONCLUSIONS

The breaking strength of spun yarns is essential dur-

ing the production of the final product. Consequently,

it is important to use those yarns, which will be able

to maintain tension produced by technological pro-

cesses. There are several factors influencing the

breaking strength of yarns; one of them is testing

conditions. In our research, the testing conditions,

namely climatic conditions, the gauge length/con-

stant rate of extension, the number of bobbin (pack-

age), the position of package winding taken from the

bobbin, were analyzed using standard static test pro-

cedure and statistical evaluation of the results

(ANOVA analysis). The results clearly indicate that all

input parameters of testing conditions have a statisti-

cally significant effect on the yarn breaking force

(95% confidence level). This implies that even if the

declared breaking force of spun yarns is achieved

(assessed with standard test procedure), the results

cannot be taken as reliable in actual practice, as they

are dependent upon our subjective decision – which

package we will take from the lot and how evenly we

will take the yarn from the packages. For the produc-

ers of the final product, the information regarding the

tested minimum breaking strength of yarns is more

appropriate in comparison to mean breaking

strength, when we judge the suitability of yarn to with-

stand a certain tension produced by technological

procedures.
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INTRODUCTION

Natural dyes contain pure colorant components,
which are non-hazardous to environment. Mostly,
these colorants are obtained from self-growing plants
and non-traditional crops [1]. Natural colours are
famous for utilizing in colouring of food, leather and
natural protein fabrics such as silk, wool and cotton
[2], as synthetic dyes generate hazardous waste

which is harmful for living environment [3–5]. But
majority of common hues are taken from various
parts of plants such as roots (Morinda tentoria), bark
(Azadirachta indica), flowers (Solidago grandis) and
leaves (Tectona grandis) etc. [6]. The colour of these
dyes enhanced with the passage of time unlike their
synthetic counter parts which fade with time [7].
People demand that colors must have appropriate
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ABSTRACT – REZUMAT

Green dyeing of microwave treated silk using coconut coir based tannin natural dye

The resurgence of natural dyes is gaining fame in textile industry due to eco-friendly nature. The present study was done
to investigate the Coconut coir as natural dye (tannin) for silk dyeing under Microwave (MW) treatment following the
optimization of experimental parameters. Isolation of colorant was carried out in aqueous, acidic and organic media
(methanol) under influence of MW treatment up to 6 minutes. Dyeing of silk was carried out having irradiated and
unirradiated extracts. Good colour strength was achieved by dyeing unirradiated silk using methanolic extract under MW
treatment for 4 minutes at 75°C. The optimal dyeing was achieved at 75 minutes at pH 8 while keeping fabric liquor ratio
1:25 having 5 g/100 ml table salt as an electrolyte. For development of shades, salts of Al and Fe and Tannic acid were
used as pre- and post-chemical mordants and Acacia, Pomegranate, Turmeric and Henna as pre- and post-bio-
mordents. Acacia (6%) as pre-bio mordant and Turmeric (6%) as post-bio mordant considerably improved the colour
strength at optimal conditions utilizing irradiated extract of coconut coir (tannin) and un-irradiated silk under MW
treatment at 4 minutes. ISO-standard shows good colour fastness and colour strength at optimal conditions using Acacia
and Turmeric as bio-mordents. This research work gives information about tannin extracted from Coconut coir has great
potential to dye silk fabric to produce reddish-brown colour under the influence of microwave treatment. FTIR spectral
study revealed chemical changes in the silk fabric treated with microwave radiations.

Keywords: coconut coir, microwave treatment, dyeing, silk, chemical mordents, bio-mordants, K/S value, colour
fastness, FTIR

Vopsirea ecologică a mătăsii tratate cu microunde folosind colorant natural tanin din nucă de cocos

Coloranții naturali câștigă notorietate în industria textilă datorită naturii ecologice a acestora. Studiul de față a fost
realizat pentru a investiga nuca de cocos în calitate de colorant natural (tanin), pentru vopsirea mătăsii sub tratament
cu microunde (MW), în urma optimizării parametrilor experimentali. Izolarea colorantului a fost realizată în mediu apos,
acid și organic (metanol), sub influența tratamentului MW, până la 6 minute. Vopsirea mătăsii s-a realizat cu extracte
iradiate și neiradiate. O rezistență bună a culorii a fost obținută prin vopsirea mătăsii neiradiate folosind extract metanolic
sub tratament MW, timp de 4 minute la 75°C. Vopsirea optimă a fost obținută după 75 minute cu un pH 8, păstrând un
raport de flotă de 1:25, folosind 5 g/100 ml sare de masă ca electrolit. Pentru dezvoltarea nuanțelor, sărurile de Al și Fe
și acidul tanic au fost utilizate ca pre- și post-mordanți chimici, iar salcâmul, rodia, curcuma și henna ca pre- și post-
biomordanți. Salcâmul (6%) ca pre-biomordant și curcuma (6%) ca post-biomordant au îmbunătățit considerabil
rezistența culorii în condiții optime, folosind extract iradiat de nucă de cocos (tanin) și mătase iradiată sub tratament MW
la 4 minute. Conform standardului ISO se obține o rezistență a culorii în condiții optime, folosind salcâmul și curcuma
ca bio-mordanți. Această lucrare de cercetare oferă informații despre taninul extras din nuca de cocos, care are un
potențial semnificativ de a vopsi țesăturile din mătase, pentru a produce o culoare maro roșiatică sub influența trata -
mentului cu microunde. Studiul spectral FTIR a evidențiat modificări chimice ale țesăturii din mătase tratate cu radiații
de microunde.

Cuvinte-cheie: nucă de cocos, tratament cu microunde, vopsire, mătase, mordanți chimici, bio-mordanți, valoare K/S,
rezistența culorii, FTIR



shades and have capacity to fix with the substrate

strongly [8]. The shade of coloured substance may

not have influenced by drawn out presentation to

light, soap, water and colour must have colour fast-

ness properties [9]. Synthetic dyes are hazardous for

the environment and are difficult to degrade [10].

Natural colorants are renewable, agro-renewable,

and biodegradable, do not cause disposal problem

because their wastes become the part of fertilizers

and do not pose any threat to food [1]. Natural dyes

are eco-friendly and eco-label in nature [1]. Applica -

tion of natural dyes for textile fabrics acquire some

techniques to utilize. Dyeing parameters are, there-

fore, necessary for obtaining ideal shades for textile

processing [11].

Many laboratory techniques are to be utilized for

enhancing the extraction of colorant, dyeing

behaviour, colour properties, dye sorption, colour

fastness and dye uptake for fibers [9]. Radiation is

the proliferation and discharge of light as waves

through various media. The medium might be a few

materials or space. There are diverse sorts of radia-

tion, for example, UV [12], gamma [13], microwave,

ultrasonic [14–15]. The microwave heat is very fast

technique because of no loss of heat and is safe to

use. Microwave radiations had many advantages

such as low cost, increase of colour fastness, dye

uptake and consumed less energy, power and time

[16]. It was observed that by increasing the power up

to 700 increased the rate of extraction and give bet-

ter yield. Microwave heat is distributed uniformly

throughout the material and conventional or tradition-

al heating only heat up the surface of material.

Microwave radiations are the power source of non-

contact heating and in the microwave field the sub-

stance that have permanent dipoles to rotate [17].

Silk is the insect fiber which is obtained from silk-

worm and used as textile fiber. Historically the silk

fiber has been referred to as the queen of textiles

[18]. Silk fabrics due to excellence performance such

as softness, smoothness, luster, breathing ability,

comfortableness and hygroscopicity have been used

as a textiles material for thousands of years [12].

Coconut coir is a new dye yielding plant whose com-

mon name, scientific name and plant family is coir

[19] Cocos nucifera and Arecaceae (Plam), respec-

tively [20]. The husk contains tannin which acts as

228industria textila 2020, vol. 71, no. 3˘

colouring material to give brown colour on natural

fabrics [21]. The alcoholic extracts of coconut husk

possess antifungal and antimicrobial activities. It con-

tains tannin as natural colorant which is used for dye-

ing of wool, silk and cotton (figure 1) [22].

Keeping in view the importance of natural colorants,

the present study was focused:

1. To explore the extraction of microwave radiation

for isolation and addition of herbal based bio-mor-

dants of colorant from coconut coir using different

media under microwave radiations.

2. To develop new shades using exploring of chemi-

cal and bio-mordents.

3. To improve the colour fastness properties of silk

fabric using chemical and bio mordents.

EXPERIMENTAL WORK

Materials and methods

Coconut (Cocos nucifera) coir was collected from the

Local Market Faisalabad, Pakistan. The coir was

washed with water and dried under shade and cut

into small pieces. The plant sources ground finely

and went through a sifter of 20 work size to get pow-

der of uniform size and stored in a plastic bag for fur-

ther process of silk dyeing. Pre-treated silk fabric is

purchased from local silk market in Fasialabad,

Pakistan was dyed from the coconut coir.

Optimization of extraction conditions under

microwave irradiation

The process of extraction of aqueous, acidic and

organic (methanol) extracts were obtained from

coconut coir by boiling 4 g of powder of coconut coir

in 100 ml of water for 60 min. After boiling the flask

were cooled and filtered. The filtrate was utilized for

dyeing of natural silk fabric was treated with

microwaves up to 1 to 6 min. in a microwave oven

(Orient Model ME-732 K) with power 800 W having

frequency 450 MHz. Dyeing process was followed for

treated and untreated silk fabrics [23]. 

It was found that optimized dyeing on silk fabric was

achieved by utilizing methanolic media with 4 min.

treated with microwave radiations keeping tempera-

ture 75°C [24].

Fig. 1. Structure of: a – silk; b – tannin

a                                                                                        b 



Different dye bath parameters with mordents

For optimum dyeing, different parameters like pH
(1 to 9), Time (25 to 85 min.), Temperature (25 to
85°C) and NaCl & Na2SO4 (1–11 g/100 ml) were
applied [25]. In exhaust dyeing, salt is used as an
electrolyte for level and uniform dyeing [26]. Dyeing
process was completed for 75 min. at 75°C [27].
Irradiated silk and un-irradiated silk was dyed by this
dyeing process. Extracts of different chemical mor-
dents (1 to 11 g/100 ml) like Al [28], Fe [29] and
Tannic acid and bio-mordents (1 to 11 g/100 ml) like
henna, acacia [12], pomegranate and turmeric [30]
were also applied to improve in colour strength and
fastness properties [31].

Measuring colour strength and colour fastness

properties

Microwave treated and untreated silk fabrics were
observed for colour strength and Lab values through
Kubelka Munk equation computed in Spectra Flash
(SF 600) at laboratory of the Noor Fatima Fabrics,
Faisalabad, Punjab, Pakistan. Colour strength values
were achieved from the equation [K/S = (1 – R)2/2R].
ISO standard method for light (ISO 105-Bo2), rubbing
(ISO 105-X12), washing (ISO 105 C03), dry cleaning
(ISO 105D 01) and perspiration (ISO 105 EO4) fast-
ness tests were used to investigate the colour fast-
ness properties of dyed silk.

FTIR analysis

FTIR analysis was done to investigate the influence
of the treatment with microwaves on the chemical
structure of silk fibers. Experiments with silk fabric in
a wet state under microwave irradiation for various
lengths of time (1–6 min.) were carried out. This anal-
ysis uses infrared light to scan and observe chemical
properties of samples. Samples were prepared using
optimum irradiated microwave treatment for both silk
and tannin dye solution. Control sample was also
subjected to FTIR.

RESULTS AND DISCUSSION

Microwave irradiation improved the colour depth char-
acteristics from the extract of coconut coir in
methanolic media, when compared with other dyeing
media. The results are shown in figure 2.
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Colour characteristics of dyed silk fabric from the
coconut coir in a methanol medium was enhanced by
the presence of colouring part in coconut coir (phe-
nol) which is more soluble in methanol medium [32].
During dyeing, colouring part from the coconut coir
(tannin) makes strong bond with amino and car-
boxylic groups which are present in silk fabric. In
other media impurities like dust, leaves of plants
might be connected with the fabric and dye bath not
make firm bonding resulted less colour depth [33]. In
figure 2 result shows that high colour depth was
achieved by utilizing MW treatment of 4 min. on the
silk fabric [34]. Microwave treated fabric enhanced
the colour strength on the fabric by using
pomegranate (Punica granatum L.) mentioned in lit-
erature [35]. However, high time microwave treat-
ment of silk fabric not effect on the colour yields (fig-
ure 2). Similarly, low time contact of fabric under MW
treatment not force the dye particles to sorb towards
the fabric surface and treatment of fabric with
microwave irradiation for more time period degrade
the dye particles as well as he fabric surface, result-
ed decrease in yield of colour on silk fabric [36].
Overheating, from microwave treatment of fabric also
swells the fabric surface, by which colour particles
not make proper bonds with fabric [11].

Optimization of experimental parameters

pH in the dying bath also plays an important role in
dyeing process. At optimum pH high colour strength
is achieved on the coloured silk fabric. Role of opti-
mum pH is that it accelerates the dye molecules
towards the fabric surface for sorption. In figure 3, a
data gives information that at 8 pH maximum colour
strength is measured as compared to the other pH
conditions. Silk fabric is damaged on the more acidic
pH because acid damage the silk structure [19]. So
moderate pH was suitable for silk dyeing b/c dye
molecules jump toward the fabric surface for sorption
[37]. Moderate pH not damages the fabric surface
[17]. Temperature is an important tool for the sorption
of the dye particles to rush toward the fabric surface
during dyeing process. Figure 3, b shows that best
temperature for the dyeing of un-treated silk fabric
under the influence of MW treatment was 75°C using
treated methanol extract of coconut coir. It is evident
from figure 5 at 75°C that MW radiations not acceler-
ate colour particles to move on the fabric surface due
to low rate of striking of dye particles and thus low
colour values are obtained. Similarly, at high temper-
ature (85°C) fabric swell and change in structure both
in fabric and dye particles resulted poor colour yield.
Up to 75°C, dye particles act as a unit molecule and
properly absorbed on the silk fabric surface revealed
the dark shade and optimal colour strength achieved
[38]. In dyeing process, time parameter plays a sig-
nificant impact on the fabric surface. When molecules
of dye move on fabric surface it require time for mak-
ing bond with fabric surface and for good sorption of
the dye molecules [39]. Data given in figure 3, c
shows that optimal time for dye molecules to rush
toward fabric for good sorption is 75 min. Good

Fig. 2. Microwave treatment of pre-treated silk dyeing by
methanolic extract of coconut coir: NRS – non-irradiated
silk; NRE – non-irradiated extract; RS – irradiated silk;

RE – irradiated extract



colour strength of dyed silk obtained from spectra
flash was at 75 min. in methanolic extract of coconut
coir tannin based dye. Low dyeing time may not inter-
act the dye molecules to rush toward the silk fabric.
It may also reduce the kinetic energy of the dye
molecules to sorption on the silk fabric [40]. Similarly,
more dyeing time degrade the silk fabric and not
favoured for sorb of the level dyeing on silk fabric.
Long dyeing time may weak the H-bonding between
the dye molecules and silk fabric [41]. Hence, 75 min.
is the suitable dyeing time for silk dyeing for good
colour strength [11]. Adding of electrolyte in dye bath
resulted in enhanced dyeing yield on silk fabric. Silk
fabric produced poor colour strength contraction with
colouring particle and less dye adsorbed on the fab-
ric surface without using salt in dyeing process.
However, adding electrolyte increases the dye parti-
cle adsorption on fabric. In figure 3, d shows that
Table salt using in dyeing at 5 g/100 ml increased dye
yield as compared the Glauber salt. It might be due
to the fact that silk fabric acquired negative charge in
methanolic medium and dye anions repulsion
increased by fabric and not make firm bonding by
colouring particles from dye towards the silk fabric [9,
42–43]. Role of using electrolyte in dyeing process is
that it increases the anions on the fabric surface and
minimize the force of repulsion between fabric and
negative colouring particle charges and enhance the
colour depth from dye bath toward the fabric surface.
Low salt concentration (1 and 3 g/100 ml) and high
amounts (7–11 g/100 ml) not properly shift the dye
particles towards the dye fabric surface because the
dye equilibrium not produced between dye and fabric
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therefore, less light shades achieved. In dyeing,
treatment of microwave radiations decreases the salt
consumption on the silk fabric [14]. Therefore, using
5 g/100 ml table salt enhanced the rate of exhaust
dyeing of un-treated silk (NRS) with methanol extract
of coconut coir (RE) under the influence of
microwave treatment and utilized the fabric for future
process for improvement in colour strength.

Effect of chemical and bio-mordents on dyeing

of silk fabric

The pre-mordenting behavior of different chemical
mordents (salts of Al & Fe, Tannic acid) and bio-mor-
dents (Acacia, Turmeric, Henna and Pomegranate) is
shown in figure 4. Each chemical and bio-mordents
enhanced colour strength on silk fabrics dyed with
methanolic extract of coconut coir. However, Acacia
(6%) enhanced colour depth characteristics as com-
pared to other mordents, when silk dyed from
methanolic extract of coconut coir (figure 4, a). It
might be due to the reason that dye particle tannin
present in both coconut coir and acacia bark [43]
results high shade strength and make firm bonding
between fabric carboxylic group and phenolic groups
present in the dye molecules [10]. In post-mordent-
ing, Turmeric (6%) exhibited good colour strength on
the silk fabric as compared to the other chemical (Fe,
Al and Tannic acid) and Bio (Henna, Pome granate
and A. nilotica bark) mordents (figure 4, b). Turmeric
as post-mordant makes strong H-bonding with tannin
dye particles and fabric surface. Turmeric also had
potential to making complex bond with dye and fabric
surface by this process, more colour sorbed on silk
fabric and yellow colour produced rather than the

Fig. 3. Impacts of dyeing variables on the coloured silk fabric (NRS/RE) by extract of methanolic coconut coir

c                                                                                        d 

a                                                                                        b 



other mordents applied on the fabric with good
shades strength [44–45]. It is found that low % of
chemical and bio-mordant using in silk dyeing may
not made a firm stable complex with silk fabric and
during washing easily washed the mordents from fab-
ric surface and low K/S values achieved [9]. Thus,
overall bio-mordents established high colour charac-
teristics and fastness properties rather than the
chemical mordents under the MW treatment of silk
fabric [46]. Furthermore, Bio-mordents are more eco-
friendly, sustainable and greener for the using silk
dyeing under MW treatment [19].

Fastness properties

The fastness properties results show under the influ-
ence of MW treatment of methanol extract of coconut
coir using untreated silk fabrics enhanced strength of
colour and produced high colour depths (tables 1 and
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2). This is because that methanolic extract of coconut
coir for 4 minutes and mordented silk fabric make
firm bonding with dye and silk fabric utilizing bio-mor-
dents as compared to the chemical mordents due to
the conjugation double bonds in natural dye (tannin
in coconut coir) and auxochrome with stable complex
formation of dye and chemical mordant on the silk
fabric and strong H-bonding with bio-mordents. They
have resistance to eject colorant during applying fast-
ness properties such as washing, rubbing and light
[47]. 
Better colour strength achieved on the silk fabric to
make good strength bond complex between dye and
metal due to phenolic groups and double conjugate
bond which present in dye molecules [48].Tannin
which also present in dye molecules also had double
conjugate bond helps to make firm bonding formation
when bio-mordents are applied on silk fabric to

Fig. 4. Microwave treatment on the optimum silk dyed fabric 4 minutes (NRS/RE) of:
a – pre-mordants; b – post-mordants

a                                                                                        b 

EFFECT OF CHEMICAL MORDANT BY MICROWAVE TREATMENT ON COLOUR STRENGTH VALUES OF
UNTREATED SILK FABRIC UTILIZING TREATED EXTRACT OF METHANOLIC COCONUT COIR ON OPTIMAL

PARAMETERS

Chemical

mordant

Pre-mordanting Post-mordanting

LF WF DRF WRF
Perspiration Dry

clean
LF WF DRF WRF

Perspiration Dry
cleanacid alkaline acid alkaline

Al 4–5 4 5 4 4–5 4 4 4–5 3–4 4 3 4 3 4

Fe 4 3–4 4 3–5 4 4–5 5 4 4–5 4 3–4 4–5 4 4–5

TA 4 4 5 4 4–5 4 4–5 3–4 4–5 4–5 4–5 3–4 3 4

Table 1

EFFECT OF BIO MORDANT BY MICROWAVE TREATMENT ON COLOUR STRENGTH VALUES OF UNTREATED
SILK FABRIC UTILIZING TREATED EXTRACT OF METHANOLIC COCONUT COIR ON OPTIMAL PARAMETERS

Bio-mordant

Pre-mordanting Post-mordanting

LF WF DRF WRF
Perspiration Dry

clean
LF WF DRF WRF

Perspiration Dry
cleanacid alkaline acid alkaline

Acacia 4–5 4 5 4 4–5 4 4 4–5 3–4 4 3–4 4 4 3–4

Henna 4 3–4 4 3–4 3–4 4–5 4–5 4 3–4 4–5 4 4–5 4 4–5

Turmeric 4 4 5 4 4–5 4 4–5 3–4 4–5 4–5 4 3–4 3 4

Pomegranate 3–4 4–5 4 3–4 4 3–4 4 4–5 4 4 3–4 4–5 3–4 4

Table 2



improve the colour strength values [15]. Moreover,

microwave treatment has ability to plays a major role

enhancing colour fastness on silk fabrics. Hence,

during silk dyeing MW treatment is greener, environ-

ment friendly and clean process that improved the

fastness properties using coconut coir tannin based

natural dye for silk dyeing [12].

FTIR analysis 

FTIR analysis of untreated silk fabric and microwave

treated silk fabric FTIR-ATR dyed with natural tannin

dye extracted from Coconut coir are given in figure 5.

As it can be seen from figure 5, there are not any

detectable significant changes in the FTIR spectra

properties of microwave treated silk fabric after

when compared with undyed silk fabric. According to

FTIR spectra, the peaks ranged from 1630.08 cm–1,

1512.71 cm–1, 1227.10 cm–1 due to C-C, C-N, and

N-H stress, are present in both untreated and

microwave-treated silk fabrics depicting that MW

radiation has nothing to do with the surface of the silk

fabric chemically, It just physically modifies the struc-

ture of silk fabric which in turn enhanced the dye

uptake capacity of silk fabric, resulting in improved

colour shades of silk fabric. 

CONCLUSIONS

It has been found that MW treatment during extrac-

tion and dyeing process of silk fabric by using natural

coconut coir-based tannin dye has potential to dye

silk fabric. This method is eco-friendly, green, less

cost and less time-consuming process. Microwave

assisted dyeing of silk fabric with methanolic extract

of coconut coir using chemical and bio-mordants

achieved reddish brown colour shades. The gaining

of same colour via synthetic dyes is found to be more

hazardous and non-ecofriendly. Methanolic extract of

coconut coir at pH 8 for 4 min. under MW treatment

using NaCl (5 g/100 ml) gave a good color strength

and darker shade by dyeing unirradiated silk fabric

for 75 min. at 75°C. Chemical mordants (Al, Fe and

Tannic acid) and bio-mordants such as Henna,

Pomegranate, Acacia and Turmeric also applied to

improve the colour strength and make strong bond-

ing with silk fabric but bio-mordents like Acacia

bark gave excellent colour and high K/S values.

Furthermore, MW treatment has also tendency to

improve the colour strength on silk using coconut coir

extract as a natural dye under optimum conditions.

More than that, the use of bio-mordants is non-haz-

ardous for health and environment, green, eco-label

and is cheaper for dyeing. 
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Fig. 5. FTIR of: a – untreated silk; b – microwave treated silk

a                                                                                        b 
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INTRODUCTION

The assessment of the financial and investment
activity of textile enterprises is a particularly topical
issue in the modern textile industry. Companies that
pay significant attention to business administration
and business analysis have great opportunities for
operating data and making important managerial
decisions, including finding investors and sponsors to
expand production and sales trends of the textile
industry.
The successful operation of a textile enterprise in
modern conditions requires an increase in the effi-
ciency of financial and economic activity on the basis
of financial analysis. It is based on reliable informa-
tion reflected in the forms of financial statements. It is

the financial statements that should provide com-
plete, unbiased and reliable information about the
current state and results of the operation of the com-
pany, but the indicators presented in the reports are
not enough to make sound and correct management
decisions. Conducting an assessment of the financial
condition of the company is mandatory at modern
textile manufacturing enterprises if they are to profit.
Such analysis will allow to timely identify the actual
indicators of liquidity, solvency, financial stability,
financial attractiveness, profitability, break-even and
other indicators, and respond to their changes. And in
general, increase the likelihood of adopting sound,
constructive and correct decisions, obtaining propos-
als from investors and sponsors.

Assessment of financial and investment activity of textile enterprises
as a guarantee of successful business in the region

DOI: 10.35530/IT.071.03.1687

YULIIA MELNYCHUK MAKSYM SLATVINSKYI
IRYNA TKACHUK OKSANA VINNYTSKA
LIUDMYLA CHVERTKO TETIANA KORNIIENKO

ABSTRACT – REZUMAT

Assessment of financial and investment activity of textile enterprises as a guarantee of successful business
in the region

This article is devoted to the research of the interaction of theoretical and methodical bases of using analysis in the
process of case management at textile enterprises. The purpose of the study is to prove the necessity of conducting an
assessment of the financial status and investment activity of textile enterprises. According to the results of the research,
it has been proved that the financial evaluation of the state of financial and investment activity is important in the
organization of textile business. The indicators of accounting are the basis for such an analysis and assessment of the
financial condition of textile companies. The research has carried out the classification of financial reporting indicators
for assessing the activity of the textile enterprise. The elements of financial reporting and their characteristics are
analysed. The sources of income generation and expenses of the textile manufacturing company were systematized
and revealed. A plan for assessing the effectiveness of activities has been developed and proposed, which will reflect
the results of the activity of the textile enterprise. The components of financial reporting are proposed and their purpose
is analysed. The conclusions regarding the effectiveness of the evaluation of financial-investment activity of textile
enterprises, which influences the results of successful business in the region, are presented.

Keywords: financial analysis, reporting, performance indicators, performance

Evaluarea activității financiare și investiționale a întreprinderilor textile ca garanție a afacerilor de succes
în regiune

Articolul este dedicat cercetării interacțiunii dintre bazele teoretice și metodice ale utilizării analizei în managementul
întreprinderilor textile. Obiectivul studiului este de a demonstra necesitatea efectuării unei evaluări a activității financiare
și investiționale în întreprinderilor textile. Conform rezultatelor cercetării, s-a dovedit că evaluarea activității financiare și
investiționale este importantă în organizarea afacerilor textile. Indicatorii contabili stau la baza analizei și evaluării stării
financiare a întreprinderilor textile. Studiul a cuprins clasificarea indicatorilor de raportare financiară pentru evaluarea
activității întreprinderii textile. Au fost analizate elementele raportării financiare și caracteristicile acestora. Sursele de
generare a veniturilor și cheltuielile întrerpinderilor textile au fost sistematizate și prezentate. A fost elaborat și propus
un plan de evaluare a eficienței activităților, care va reflecta rezultatele activității întreprinderilor textile. Au fost propuse
componentele raportării financiare, iar scopul acestora a fost analizat. Au fost prezentate concluziile privind eficiența
evaluării activității financiar-investiționale a întreprinderilor textile, care influențează rezultatele afacerilor de succes din
regiune.

Cuvinte-cheie: analiză financiară, raportare, indicatori de performanță, performanță
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REVIEW OF LITERATURE

The questions of the analysis and evaluation of the

activity of textile enterprises are carried out by fore-

ign and domestic scientists, such as: Melnychuk Y.,

Berling J., Dominic-Ferreira S., Vuuren V., Justin A.,

Shaukhin T., Reznichenko K., Samofat I., Podolyak

G., Larsson M., Lennborg M., Dubin M., Zadorozhny

S., Ishchenko A., Yaremenko N., Tkachenko A.,

Shmatko K. At the same time, the issue of the need

for an analysis of the activity of textile enterprises

requires further research. Therefore, the purpose of

the article is to determine the peculiarities of analy-

sing the financial and investment situation in a textile

company.

Scientists are keen to improve the system for evalua-

ting and analysing the activities of textile companies,

as this is a very topical issue today. Thus, the propo-

sed blocks of investment potential and investment

activity indices at the national, corporate and house-

hold levels for investment activity assessment. Such

system of indices reflects the state of investment pro-

cesses at all stages of investment movement [1].

However, investment processes should be conside-

red in the context of financial activities in general.

Investments are an integral part of the financial acti-

vity of the textile enterprise.

Human advices are useful, but they can be subjec-

tive. We are interested in the opinion of really experi-

enced specialists on this issue. Auditors and

financiers, accountants and other specialists know

that the reliability of the project is determined not by

words but by calculating a number of indicators of the

reliability of the investment object, for example, the

ratio of own and borrowed funds to the project, liq-

uidity of assets, expected profit, probability of

bankruptcy of the company, etc. There are dozens of

such indicators, so it is needed to have access to

information and have experience in financial and

analytical work for their calculation [2]. One has to

agree with this opinion, adding to the previous that

the results of the assessment of the financial state of

the textile enterprise affect the decision of investors.

Therefore, the definition of the final financial perfor-

mance of the company has a great scientific and

practical significance. With their help you cannot only

evaluate the company’s efficiency, analyse its various

structural units and activities, but also determine the

development strategy, develop a forecast and action

plan for the future, establish the results of using the

resources spent, in particular, means of production,

labour, information [3].

ANALYSIS AND DISCUSSION

The disclosure of the results of the textile company’s

activities, in particular, the financial support indica-

tors, plays an important role in making decisions of

the investor regarding the choice of the project and is

advertising for the company itself. Such indicators

are: the level of authorized capital, the level of equi-

ty, income and expenses of the company, assets of

the company. All these indicators in the complex

reflect the financial support of the company and its

position in the textile market. However, they do not

reflect the assessment of the financial condition,

which is only possible, based on the analysis of finan-

cial statements.

It is generally known that financial statements are

statements that contain information about the finan-

cial position, results of operations and cash flows of

the enterprise during the reporting period, the pur-

pose of which is to provide users with complete,

truthful and unbiased information about the financial

position, performance and operating costs of the

enterprise for decision-making.

The composition of financial statements is determi-

ned by the national accounting (accounting) stan-

dards.

Balance sheet – statement of financial position of an

enterprise that reflects on a certain date its assets,

liabilities and equity.

Report on financial results – a report on income,

expenses and financial results of the enterprise.

Cash flow statement – a statement that shows the

cash flows and cash flows from the activities of the

enterprise in the reporting period.

Statement of equity – a statement that reflects

changes in the equity of the enterprise during the

reporting period.

Notes to the financial statements are a set of indica-

tors and explanations that provide detailed and sub-

stantiated items of the financial statements, as well

as other information, disclosure of which is provided

by the relevant provisions (standards).

The financial statements of textile enterprises should

contain a set of components that will be used in the

analysis of its financial condition (table 1).

The assessment of the effectiveness of companies in

textile production is based on financial statements in

the directions [2]:

• Analysis of the company’s income;

• Cost analysis of the company;

• Comprehensive assessment of the financial situa-

tion of the textile enterprise: liquidity and solvency

of the company, financial stability of the textile

enterprise, financial attractiveness, profitability and

calculation of the probability of a bankruptcy of a

textile enterprise.

The assessment of the effectiveness of a textile com-

pany should be determined by the set of indicators

already mentioned above. The combination of com-

pany profits and expenses with the balance sheet

data in terms of financial ratios and indicators reflects

the results of the activities of the manufacturer, its

financial stability and solvency.

By “costs” we mean any means, money, values, etc.,

used in the process of doing anything. And “income”

reflects the material values, the money received by

the company as a result of any activity.

Indicators that reflect the financial content of the prof-

its received at the textile manufacturing enterprises

are as follows: structural analysis of company profits

and a comparative analysis of profits over a number

of years.
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Along with incomes, they analyze costs that are high
in textile production. Indicators that reflect the finan-
cial nature of company expenses are as follows:
structural analysis of company expenses and a com-
parative analysis of costs over a number of years.
Necessary for obtaining a certain result (effect) all
expenses are divided into current (daily) and one-
time. Current (everyday) expenses include labour
costs for different categories of personnel (labour)
and the amount of continuously used means of pro-
duction (the cost of labour, the amount of deprecia-
tion), as well as some other costs included in the full
cost of production. One-time costs are advanced
funds for the reproduction of means of production in

237industria textila 2020, vol. 71, no. 3˘

the form of capital investments. At the same time,
capital investments produce returns (effect, result)
only after a certain time equal to the duration of the
reproductive cycle of labour and is taken into account
when determining their effectiveness. The expenses
of the company have their own specifics, which
depends on the direction of production. 
For textile producers, it is important to control the pro-
duction process not only in terms of quality, but also
in financial indicators that reflect the efficiency of pro-
duction. The system of indicators of production effi-
ciency is given in table 2 [4–6].
Wages are the main source of living for employees,
accounting most of the revenues achieved and

SYSTEM OF INDICATORS OF PRODUCTION EFFICIENCY

Summarizing
indicators

Performance metric

labour (personnel) production funds financial resources

production per unit cost
of resources

growth rate of labour
productivity

total fund of return (by
volume of production)

turnover of working capital

profit per unit of total
expenses

share of product growth at
the expense of productivity

growth

fund of return of the active
part of fixed assets

profitability of working capital

profitability of production relative release of
employees

profitability of fixed assets relative release of working capital

costs per unit of
commodity products

coefficient of utilization of
useful working time fund

funds capacity of a
product unit

specific capital investments (per
unit of capacity increase or output)

share of product growth
at the expense of inten-
sification of production

labour capacity of the
product unit

material capacity of the
product unit

profitability of capital investments

the economic effect
of the use of one product

salary capacity of the
product unit

coefficient of use of the
most important types of raw

materials and materials.

payback period of capital
investments

Table 2

COMPONENTS OF FINANCIAL REPORTING AND THEIR PURPOSE

Components
of financial statements

Content Use of information

Balance sheet Availability of economic resources, which are
controlled by the enterprise, at the balance
sheet date

Estimation of the structure of enterprise
resources, their liquidity and solvency of the
enterprise, forecasting of future loan needs,
estimation and forecasting of changes in eco-
nomic resources that the company is likely to
control in the future

Report on financial
results

Revenues, expenses and financial results of
the enterprise for the reporting period

Estimation and forecast: Profitability of the
enterprise, income and expenditure structure

Cash flow statement Changes in the equity of the enterprise during
the reporting period

Estimation and forecast of changes in equity

Statement of equity Generation and use of cash during the report-
ing period

Estimation and forecast of operating, invest-
ment and financial activity of the enterprise

Notes to the financial
statements

Selected accounting policies, information is
not provided directly in the financial state-
ments, but required by the Standards of
Accounting, additional analysis of the articles
of reporting necessary to ensure its compre-
hensibility.

Estimation and Forecast: accounting policies,
risks or uncertainties affecting the company,
its resources and liabilities, activities of busi-
ness units, etc.

Table 1



having a decisive effect on the standard of living of
the employee and its family. Labour productivity is
one of the indicators that show how effective the work
forces. Of all the factors of production, human capital
(meaning labour) is one of the most important factors
that impose effects on productivity. Increasing labour
productivity means that a larger quantity of goods
has been produced over a period of time in a sector
or across one country [7].
The problem of improving the efficiency of production
is to provide the maximum possible result for each
unit spent labour, material, financial and other
resources, therefore the criterion of production effi-
ciency in the macroeconomic scale is the growth of
productivity of social labour.
The next stage of the analysis is an assessment of
the financial state of the textile company by means of
indicators that reflect:
• Liquidity of the company:

– coefficient of general liquidity;
– ratio of current liquidity;
– absolute liquidity ratio.

• Financial stability:
– coefficient of concentration of equity capital;
– coefficient of concentration of debt capital;
– correlation coefficient;
– coefficient of financial dependence;
– coefficient of maneuverability of own capital.

• Profitability;
• Probability of bankruptcy.
In general, all measures to improve the functioning of
textile enterprises can be reduced to three areas:
• management of expenses and resources of

enterprises with textile profile;

• development and improvement of textile production
and other activities;

• improvement of the enterprise management sys-
tem and all types of its activities on the basis of
evaluation of the financial and investment situation
of the textile enterprise.

As you can see, all measures to improve the efficien-
cy of the textile enterprise are interdependent.
However, the most important factors are identified by
the third group (direction), because their mobilization
involves determining the place of implementation in
the management system of activities.
Specialists know that the financial soundness of tex-
tile enterprises is determined by calculating a number
of indicators: the ratio of own and attracted capital,
liquid assets and short-term receivables, and others,
for such calculation, indicators of financial reporting
are required. In many developed countries, the cal-
culation of indicators is carried out by rating agen-
cies, but each company may have its own financial
specialist, which will be engaged in assessing the
financial condition of the enterprise.
It should be noted that the modern Ukrainian clothing
market is represented by virtually all types of pro-
ducts: from world-famous brands related to fashion
houses to unregistered producers. According to stati-
stics, about 6,000 ready-made garments and fur
companies are registered in Ukraine. Indicators of
activity of enterprises of light industry (including clot-
hing manufacturers) of Ukraine for 2013–2018 are
given in the table 3 [2, 6].
The results of the analysis showed that most clothing
enterprises operate at a loss, the rest – low-income
enterprises. At enterprises of clothing manufacturers
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Note: * Information is given on textile manufacturing, clothing, fur and fur products (without leather production, leather goods and
other materials).

INDICATORS OF ACTIVITY OF LIGHT INDUSTRY ENTERPRISES (IN PARTICULAR, CLOTHING
PRODUCERS) OF UKRAINE FOR 2013–2018

Indicators of activity 2013 2014 2015 2016 2017 2018

Sales volumes,% to the total volume of industrial 
products 1.1 1.1 1.0 0.9 0.9 0.8

Profitability of operating activities of enterprises (%) –0.2 –0.2 0.7 –1.6 3.4 2.5

Operating expenses, mln, UAH* 3753.8 4285.5 4893.5 6113.3 5093.2 5922.4

Operating expenses
structure (%)*

material expenses 51.6 53.4 52.7 52.9 51.0 55.1

salary expenses 4.9 4.6 4.6 4.0 5.0 4.3

deductions for social events 24.3 23.6 23.4 22.2 22.5 21.8

amortization 8.7 8.3 8.2 7.6 7.9 7.6

other operating expenses 10.5 10.1 11.1 13.3 13.6 11.2

Operating expense 1 UAH. sold products, UAH* 103.3 102.3 99.0 108.1 96.1 98.5

Investments in fixed capital, UAH million* 344 290 348 365 196 338

FDI:
– million dollars USA 
–% of total investment

129.1
0.8

126.6
0.6

144.4
0.5

139.7
0.4

145.5
0.4

139.3
0.3

Table 3



operating costs of 1 UAH sold products amounted to

0.96 UAH – in 2017, and 0.98 UAH – in 2018, sewing

production of material resources. According to 2018,

55.1% of operating expenses were material costs,

4.3% – depreciation, 21.8% – labor costs, 7.6 –

deductions for social activities and 11.2% – other

operating expenses. An in-depth financial analysis

will contribute not only to enterprise management,

but also to ensure the achievement of the goals of

economic development of the region of the whole

financial system [7].

CONCLUSIONS

For the more effective development of the garment

industry, it is expedient to consider the following

measures:

• ensuring the stability of economic, tax and customs

legislation, which will facilitate investment attraction;

• more stringent controls during the import of sewing

products to prevent smuggling;

• introduction of technical barriers to the import of

second-hand, in particular sanitary-hygienic findings;

• directing the activities of enterprises to improve the

quality of products and expand the range in accor-

dance with market requirements;

• reduction of the share of production under the toll

scheme due to production of the corresponding

quality on the domestic market;

• promoting the certification of clothing industry

enterprises in accordance with international stan-

dards.

The generalization of scientific approaches to asses-

sing the financial and investment status of an enter-

prise enables us to determine the efficiency of the

enterprise on various grounds. At the same time,

each type of efficiency provides a separate characte-

ristic of the effectiveness of the textile enterprise, so

it is worth paying attention to all types of efficiency,

because in the complex, they can significantly impro-

ve the final assessment of the enterprise. In our opi-

nion, the assessment of the operation of an enterpri-

se should be determined not by one but by several

important criteria. Moreover, when it comes to asses-

sing the activities of enterprises in a particular indust-

ry, in particular, textile.

Thus, the assessment of the financial and investment

situation of the enterprise is of great scientific and prac-

tical importance. It helps you not only to evaluate the

efficiency of the company, analyse the overall effect of

its various structural units and activities, but also to

determine the strategy of development, to develop a

forecast and plan of action for the future, to establish

the results of the use of resources spent, in particular,

the means of production, labour, information. Financial

evaluation of the enterprise is a complex feature of the

existence of the socio-economic system. It is also nec-

essary to use a complex approach to its definition,

which includes a set of criteria for assessing the

effectiveness of the enterprise, namely its cost effec-

tiveness, target performance and competitiveness. It

is the need for detailed analysis, comparison, the def-

inition of a number of indicators that characterize the

financial position of the company, led to the emer-

gence of rating agencies that group the performance

of companies and determine the level of its stability.

However, an internal analysis of the effectiveness of

textile companies provides improved management

decision making, which is not possible without the

use of accounting information.

Future areas of research can be the development of

ways to expand information content, deepening the

financial analysis of textile enterprises, forms of

financial reporting through its convergence with other

types of reporting (creation of integrated reporting) in

order to perceive and interpret its indicators to

improve the efficiency of management decisions.
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INTRODUCTION 

The present investigation belongs to the activities
developed by the academic body Management and
Business Development of the Institute of Economic-
Administrative Sciences (ICEA) of the Autonomous
University of the State of Hidalgo (UAEH), and whose
objective was to analyse the impact of technological
innovation in medium-sized companies in the indus-
trial sector within the State of Hidalgo.
The theoretical evidence highlights the need to know
the factors that affect the achievement of high levels
of competitiveness by organizations, factors that seem
to be oriented towards innovation and optimal appli-
cation of technologies in production processes [1].

GENERAL INFORMATION 

The textile industry constitutes a significant sector for
the economy of many countries due to its participa-
tion in the GDP and the generation of jobs [2]. In the
case of Mexico, with the implementation of the North
American Free Trade Agreement (NAFTA) it repre-
sented attraction of foreign investment, development
of strategic alliances and access to technology,
which, finally, would result in growth of the economy.
However, there have been several phenomena that
have negatively affected the dynamics of trade
between the United States and Mexico [3].
The socioeconomic contribution of this sector was
reflected in the creation of jobs, since the number of
workers in the textile sector went from 42,231 in 1990
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Creators of competitiveness in the textile and clothing industry from the Hidalgo state  

Nowadays, technological innovation is a very important agent not only in the business sector, but also in the research
sector, especially when it is related to factors such as competitiveness, since it is perceived as a determinant for the
future of the industry and business development. This research presents the development of the work “Generalities of
the textile industry and its relevance in the business competitiveness of medium-sized companies in the state of Hidalgo”
in which the competitiveness of some Hidalgo organizations in the industrial sector is analysed based on innovation in
technology. The work consists of a theoretical review and the application of instruments to medium-sized companies in
the industrial sector, considering the database of the Mexican Business Information System (SIEM). Based on the
above, an instrument was created that allows knowing if the competitiveness in the industries depends on the
technology implemented in these organizations. The work was carried out in two stages: in principle, a brief theoretical
framework is developed in which the importance of innovation in technology for the competitiveness of companies in the
textile industry is explained and, subsequently, the way is opened to the Field research, where this relationship is
analysed for the particular case of medium-sized Hidalgo companies. It should be noted that these are the partial results
derived from the creation of the measurement instrument and the application of a pilot test to these companies.

Keywords: technology, innovation, company, industrial sector, production

Creatorii de competitivitate în industria textilă și de îmbrăcăminte din statul Hidalgo

În zilele noastre, inovarea tehnologică este un agent foarte important nu numai în sectorul de afaceri, ci și în domeniul
cercetării, mai ales atunci când este legată de factori precum competitivitatea, deoarece este percepută ca un factor
determinant pentru viitorul industriei și al dezvoltării afacerilor. Această lucrare prezintă rezultatele cercetării
„Generalități ale industriei textile și relevanța acesteia în competitivitatea în afaceri a companiilor mijlocii din statul
Hidalgo”, în care este analizată competitivitatea unor organizații din Hidalgo, în sectorul industrial pe baza inovării
tehnologice. Lucrarea constă într-o documentare teoretică și aplicarea instrumentelor în companii mijlocii din sectorul
industrial, utilizând baza de date a Sistemului de informații despre afacerile din Mexic (SIEM). Pe baza celor de mai sus,
a fost creat un instrument care permite evaluarea competitivității din industrii în funcție de tehnologia implementată în
aceste organizații. Lucrarea a fost realizată în două etape: inițial, este elaborat un cadru teoretic în care este explicată
importanța inovării tehnologice pentru competitivitatea companiilor din industria textilă și, ulterior, se deschide calea
către cercetarea pe teren, unde această relație este analizată pentru cazul particular al companiilor mijlocii din Hidalgo.
Se menționează că acestea sunt rezultatele parțiale care provin din crearea instrumentului de măsurare și din aplicarea
unui test pilot pentru aceste companii.
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to 26,559 ten years later [4]. However, this trend

weakened as globalization favoured the pressure to

increase competitiveness in terms of quality, produc-

tivity and flexibility from the shift of production activi-

ties to countries with the capacity to offer costs low

labour costs [3].

On the other hand, in Mexico, the contribution of the

textile and clothing sector to international trade

reached the export leadership in the period between

1990 and 2002 when achieving a participation in the

imports of EE. UU of 11.58%, but the lack of techno-

logical innovation caused the loss of competitiveness

against Asian and Eastern European countries at the

beginning of the first decade of the 21st century,

mainly because labour costs no longer represent a

competitive advantage, because those from coun-

tries such as China and India are even lower [4].

From an organizational approach, technology is con-

ceived as the use of knowledge for the creation of

goods and services, which make it one of the main

mechanisms available to design, create and dis-

tribute their products [5].

The term technology is used to refer to the process

by means of which tools are developed that elevate

the control and understanding of the material context,

this construct is made up of two kinds of knowledge:

the codified and the tacit. Additionally, technologies

are affecting the economic environment and, along

with them, the needs of consumers, which are

increasingly difficult to satisfy, which implies a chal-

lenge for companies to implement new strategies that

allow them to be more competitive. Contemporary

fashion  trends  and  modern  technologies  impose

more requirements  to  the  textile  industry.  

The innovation is one of the most important factors

for the so called “Knowledge Society”, in which

knowledge constitutes, precisely, a strategic element

for all nations and organizations, where the correct

management of it, represents improvements in com-
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petitiveness and survival within a globalized econo-

my [6].

In the degree to which knowledge is oriented towards

producing innovations, in that degree a greater

development in technology will be achieved. The

Economic Commission for Latin America and the

Caribbean (ECLAC) highlights that among the main

factors that distinguish the current economy are the

following [7]:

• mostly codified knowledge;

• science and technology in close relationship, high

innovation rates and a short product life cycle;

• greater relevance in continuous learning, in educa-

tion and in the issue of innovation in GDP growth;

• lower investment in fixed capital and more in intan-

gible factors (R&D, education, software);

• labour market and its variability in demand.

Tables 1 and 2 show the results obtained from the

application of the pilot test to the 10 medium-sized

companies in the textile and clothing sector.

Table 3 shows the percentage of variance (R2=0.37,

p<0.01) finding a statistically significant relationship

between the variables “characteristics of companies

in exports” (β=0.42; p<0.01) and “infrastructure”

(specifically in the dimension “renewal and expansion

of products and services”). According to these

results, renewal and expansion of the range of prod-

ucts is generated based on the presence of an export

performance of medium-sized companies, so that

medium-sized companies in the state of Hidalgo are

competitive in their exports require the best infras-

tructure in their productive processes.

For its part, the results presented in table 4 show that

there is a statistically significant relationship between

the number of patents and utility models of compa-

nies and the variable “human capital formation”,

which indicates that innovation for the development

of patents, utility models or copyright of companies

(β=–0.50; p<0.01) resides, to a large extent, in the

ELEMENTS OF THE PILOT TEST COMPANIES (N = 10)

Levels Age

Percentage of

foreign capital

(%)

Export

percentage

(%)

Number of

workers
Sales ($)

Number of patents,

prototypes and

copyrights

Median 18 5.9 6.3 275 77,757,140.50 12

Total pilot test 18 5.9 6.3 275 77,757,140.50 12

Table 1

ELEMENTS OF THE COMPANIES INTERVIEWED (N = 10)

Dimension of

the company

Turn: sector 313 Turn: sector 314 Turn: sector 315 Turn: sector 316

Number
Percentage

(%)
Number

Percentage

(%)
Number

Percentage

(%)
Number

Percentage

(%)

Median 3 30 3 30 2 20 2 20

Total pilot test 3 100 3 100 2 100 2 100

Table 2



formation of their human capital, obtaining a percent-
age of explained variance of R2=0.38 (p<0.01)
In general terms, both analyses carried out in the
pilot show a significant association between the vari-
ables innovation in infrastructure and training of
human capital and exports and innovations of com-
panies, but not with the age of the company and its
sales volume.

CONCLUSIONS

Technological innovation is a very important factor in
the achievement of business competitiveness, which
also has an impact on the economic development of
any country, since it is a guiding axis in the produc-
tion of goods and services. 
The partial results of this research show interesting
aspects to be analysed: in the first instance, the pos-
itive relationship between the characteristics of the
companies and the infrastructure and innovation in
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RESULTS OF THE HIERARCHICAL REGRESSION ANALYSIS OF THE PILOT TEST

(INFRASTRUCTURE/RENEWAL AND INCREASE OF THE VARIABILITY OF PRODUCTS AND SERVICES)

Variable: Elements of the company Step 1 Step 2 Step 3 Step 4

Age –0.05 0.08 0.05 0.05

Percentage of foreign capital 0.05 –0.07 –0.07 –0.09

Export percentage - 0.53** 0.40** 0.42**

Sales - - –0.03 –0.02

Number of patents, prototypes and copyrights - - - 0.14

R 0.09 0.30** 0.30** 0.32**

R2 0.01 0.25** 0.25** 0.37**

R2 Adjusted 0.03 0.21 0.19 0.20

Table 3

RESULTS OF THE HIERARCHICAL REGRESSION ANALYSIS OF THE PILOT TEST

(FORMATION OF HUMAN CAPITAL)

Variable: Elements of the company Step 1 Step 2 Step 3 Step 4

Age –0.06 0.08 0.05 0.05

Percentage of foreign capital 0.06 –0.07 –0.07 –0.09

Export percentage –0.01 –0.01 0.01 –0.01

Sales –0.01 - –0.01 –0.02

Number of patents, prototypes and copyrights 0.49** 0.50** 0.50** 0.50**

R 0.20 0.25** 0.55** 0.52**

R2 0.01 0.35** 0.35** 0.38**

R2 Adjusted 0.03 0.22 0.29 0.23

Table 4

Note: *p<0.05 and **p<0.01

Note: *p<0.05 and **p<0.01

the production processes of these. Similarly the role
of investment in intellectual capital and in the gener-
ation of knowledge that brings innovation from the
creation of brands and patents, key factors in achiev-
ing competitiveness. 
The objective of this study is to identify the influence
of innovation in technology on the competitiveness of
medium-sized companies in the textile and clothing
sector in the state of Hidalgo, in turn, develop
improvement proposals that allow them to be com-
petitive in the regional market, National and interna-
tional.
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INTRODUCTION 

As companies have become increasingly oriented
towards gaining and maintaining competitive advan-
tage by stimulating the creativity of their employees
[1] we deem it important to understand how creativity
in the entrepreneur designers’ workplace can be
facilitated or inhibited, by analysing their attributes
and the individual manner in which the creative pro-
cess unfolds.
In the last decades multiple studies have been car-
ried out that have provided information of great
importance regarding creativity. However, there is still

a significant lack of qualitative research on this topic,
the literature showing a predominance for quantita-
tive research. For example, the works of Guilford [2]
involved simply counting ideas, with no regard for the
qualitative element, i.e. that arbitrariness of ideas.
Torrance [3] analysed 388 correlations between intel-
ligence and creativity. These pioneering tests were
criticized [4] on the grounds that they were aimed at
measuring creative intelligence and not creativity
itself, but also because they used preponderantly
quantitative analyses. This aspect continued even
after the 2000s, when Vincent and his colleagues [5]
analysed the correlation between intelligence and
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The challenge of young Romanian designers: creativity in business

The present paper focuses on the subject of creativity in business starting from a set of interviews with young designers
(fashion designers mostly, but not exclusively). In order to provide an updated overview of the “ecosystem” of creativity,
we intend to add to the field literature, thus offering a more comprehensive understanding of creativity by focusing on
the role of designers in facilitating or inhibiting creativity in business in the fashion industry. The work was limited
contextually to the fashion sector in the western region of Romania, with the data being collected through
semi-structured interviews with entrepreneur fashion designers (producers of clothing, footwear and accessories). The
analysis aims to identify and highlight the attributes of entrepreneur designers in the creative industry, as well as the
ways in which they are inclined to develop their creativity in order to combine various materials or textures into
something original. The results of our research are in fact empirical evidence regarding the strategic role of entrepreneur
designers when it comes to creativity in business, a role that can allow them to achieve durable competitive advantage
for their own businesses by developing both the analytical skills necessary for interpreting economic data to validate an
idea, and the intuitive skills regarding the economic climate. Although the specific context may be considered a limitation
of the study, it may become a real advantage for potential future research that will extend the boundaries of the present
one.

Keywords: entrepreneurship, creative industry, fashion design, passion, imagination, competitive advantage 

Provocarea tinerilor designeri români: creativitatea în afaceri

Lucrarea de față se concentrează pe tema creativității în afaceri pornind de la un set de interviuri cu tineri designeri (mai
ales designeri de modă, dar nu exclusiv). Pentru a oferi o imagine de ansamblu actualizată a „ecosistemului” creativității,
a fost prezentată literatura de specialitate din domeniu, oferind astfel o înțelegere mai cuprinzătoare a creativității, prin
concentrarea pe rolul designerilor în facilitarea sau inhibarea creativității în afaceri în industria modei. Cercetarea s-a
limitat contextual la sectorul modei din regiunea de vest a României, datele fiind colectate prin interviuri semi-structurate
cu designeri de modă antreprenori (producători de îmbrăcăminte, încălțăminte și accesorii). Analiza își propune să
identifice și să evidențieze atributele designerilor antreprenori din industria creativă, precum și modalitățile în care sunt
înclinați să își dezvolte creativitatea, pentru a combina diverse materiale sau texturi cu abordări originale. Rezultatele
cercetării sunt de fapt dovezi empirice cu privire la rolul strategic al designerilor antreprenori, atunci când discutăm
despre creativitatea în afaceri, rol care le poate permite să obțină un avantaj competitiv durabil pentru propriile afaceri,
prin dezvoltarea atât a abilităților analitice necesare interpretării informațiilor economice pentru validarea unei idei, cât
și a abilităților intuitive cu privire la climatul economic. Deși contextul specific poate fi considerat o limitare a studiului,
acesta poate deveni un avantaj real pentru cercetările viitoare, care vor depăși limitele celei prezente și pot valida și în
alt context rezultatele obținute.

Cuvinte-cheie: antreprenoriat, industrie creativă, design vestimentar, pasiune, imaginație, avantaj competitiv



expertise. Thus, in order to rebalance the literature,

we considered it relevant to carry out a qualitative

research on the topic of creativity and to channel it

into the business environment.

The economic environment has caused companies

to focus on creativity. Thus, in order to survive in an

environment that is changing at an unpredictable

speed [6], organizations must stimulate the creativity

of their employees, as their ideas are essential if they

are to remain innovative and competitive [7]. Florinda

[8] argued that people, through their creative poten-

tial, are key elements in adding economic value to

their sector of activity. 

Moreover, although there are several studies on cre-

ativity in business, they focus mainly on critical actors

such as managers and employees from large fashion

houses or large companies. In this regard, our paper

innovates by presenting interviews with designers in

charge of their own business, in order to shed light on

how they perceive creativity in business. We intend-

ed to focus on a qualitative research on creativity in

business, on the analysis of the creative process in

the fashion industry by conducting interviews with

Romanian entrepreneur designers.

LITERATURE REVIEW

The notion of creativity has a long history, its study

appearing to have increased at the beginning of the

20th century, especially in the field of psychology

[9–10]. Nowadays, the concept of creativity is associ-

ated with the ability to bind unique connections, the

emergence of new products [11] or the development

of new and distinctive solutions for the existing prob-

lems [12].

As organizations face increasingly complex chal-

lenges, their ability to adapt and properly manage

innovation projects is crucial in order to achieve long-

term success and competitiveness [13].

There is ample evidence in favour of regarding the

concept of creativity as having relevance in facilitat-

ing entrepreneurial success [14], an attribute that

ensure the entrepreneurial process and can decisively

help in discovering new business opportunities [15]. 

Entrepreneurship in the creative industries (creative

entrepreneurship) is a concept that brings to the fore

the combination of several qualities, such as those of

being an artist or a creator with that of being a busi-

nessman and, in so doing, proves the ability to add

value to the economic development, especially

where the traditional economy has failed. Creative

businesses are considered to be those sectors of

creation, which focus on technological development,

generate profit and rethink culture as a catalyst for

national and regional development, constantly adapt-

ing to the needs and requirements of their own clients

and of competitive and dynamic markets [16].

Businesses in the creative industries begin their

activity on a small scale [17], but show great diversi-

ty. For them, creativity was the core of the idea and

maybe even the answer to the question: What should
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companies do to become more innovative, more cre-

ative in order to fulfil the dreams, passions and

desires of customers? [18].

Entrepreneurship in the fashion design sector

requires the entrepreneur to bring together the new

design process and business practices [19]. Because

the design process is often intuitive and experi-

mental, and business development is generally

approached systematically and logically, these two

areas require new skills and new ways of thinking,

their successful combination being certain to gener-

ate new challenges [20]. More and more, the textile

industry and the fashion business is connected to

what we call green marketing and green business.

That means that the entrepreneurs are interested in

how the market evolves, how the ecopreneurship

develops, how the consumer behaviour is changing

and how to deal with the new challenges for sustain-

ability and competitiveness in long run [21–22]. It is

proven that when accepted and assumed, business

knowledge is a strong point and entrepreneurial

designers can use creativity to start and grow their

own business [23]. 

Studies in this field show that an exploratory

approach can highlight creativity and innovation, in

doing business especially at their beginning [24–25].

In our case, for fashion designers, these types of

business vision offer an inspired solution to achieve

competitive advantage in a dynamic and complex

business world. And, it is to remark that this wind of

change, of being more accountable and involved in

transforming the organizations in sustainable ways,

is felt in all fields of society, going from public admin-

istration to private sector and NGO’s [26].

The strategy of sustainable development for clothing

business is possible to be implemented by integrat-

ing the vertical value chain and paying attention to

their major components as the creative department,

fashion design, but also better marketing and sales

approaches. At the same time the creativity and inno-

vation must be understood as key elements for the

architecture of the modern business in textile indus-

try, but as well as in all types of activity. 

METHODOLOGICAL APPROACH

In this paper, we aimed to connect creativity and

business in that way so that it might give us the

insight into the different aspects of creativity in the

entrepreneurship for the domain of creative indus-

tries. The idea is to raise awareness of the impor-

tance of creativity for industry, to gain better under-

standing of the creativity process, as well as the

concrete solutions of creativity and business integra-

tions might be proposed. In order to do that, two main

research goals are formulated:

– to see how designers perceive creativity, targeting

the questions of (a) how they define creativity,

(b) identification of attribute of creative individuals,

(c) identification of the factors that encourage cre-

ativity, (d) creativity process;



– to consider how creativity helps entrepreneurs in
business and how to perceive the link between
those two.

In order to understand the complex meanings of cre-
ativity, we resorted to a qualitative approach, the data
being gathered based on semi-structured interviews
over a period of two calendar months. The interviews
were conducted by a single researcher, always the
same. Out of the 25 entrepreneur designers invited to
participate in this research, only 17 responded to the
invitation. Participation in the study was done on the
basis of anonymity, which is why in the paper the
designers are referred to using code names ranging
from D1 to D17. Participation in the interviews was
done on the principle of “convenience contacts” and,
subsequently, using the snowball technique. The cri-
teria for inclusion in the sample included being an
entrepreneur from the western region of the country
and belonging to a segment of the fashion industry.
The geographical distribution targeted the major
western cities as well as emerging cities.
Prior to the interviews, the participants were informed
of the topic. The average time allocated to an inter-
view was 45–60 minutes. The designers also com-
pleted a questionnaire with the help of which we col-
lected a series of demographic data and significant
experiences from their lives.
The transcribed interviews were processed using the
qualitative analysis software ATLAS.ti. During the first
stage, the data were coded for each category of
questions in the interview, followed by a recording of
the previous sections using codes that resulted from
interviews inductively.
For a clearer presentation of the data, the topics dis-
cussed were illustrated in the paper with quotes from
the interviews.

EMPIRICAL RESULTS

The transcribed interviews were processed using the
qualitative analysis software ATLAS.ti. During the first
stage, the data were coded for each category of
questions in the interview, followed by a recording of
the previous sections using codes that resulted from
interviews inductively.
The interpretative analyses of the interviews led to
the identification of 17 themes grouped into 4 cate-
gories: creativity in fashion design, attributes of cre-
ative individuals, the creative process and creativity
in business.
As mentioned earlier, respondents were asked to talk
about the evolution of their career in the fashion
industry, with the interviews including questions
regarding how entrepreneur designers define creativ-
ity, what the characteristics of creative individuals
and the factors that encourage or inhibit creativity are
and, business-wise, how creativity is helpful in their
activity. 

Creativity in fashion design 

Regarding the evolution of their careers, the design-
ers insisted that it was natural and incremental. We

note the statements of two of the designers. In retro-
spect, D5 states about the beginning of his career: “I
began modestly, by giving out what I was making.
Upon realizing how great the demand was, I decided
to put all the products up for sale, and now I only
work on demand. I have been very pleased so far”. In
the same context, D6 gave the following account:
“The evolution was organic. It started with the pas-
sion of a small child which then turned into a burning
call. 10 years ago, I started to take on projects from
customers, and 8 years ago I launched my first col-
lection. But everything became orderly and settled
five years ago when I started the company and the
workshop”.
The designers also proposed definitions for creativi-
ty, from their own perspective, with D6 and D11
describing the artistic and creative work as the pas-
sion of their life. The designers talked about the intrin-
sic motivation that caused them not to give up in dif-
ficult situations, in order to turn their ideas into reality.
Thus, D6 mentions: “Creativity is the driving force of
my life. I feel it start every day and always push me
forward. Creativity is that aspect that helps me inno-
vate, evolve and create a life of which I am proud”,
while D11 presents creativity through the lens of the
different ways of exploring with what you have at
hand: “A way of expressing your own style and ideas,
uniqueness, innovation... there are certain attributes
that some possess and others do not; in my case cre-
ativity starts from the materials I have available when
I start working on something new. From a «fistful» of
beads and crystals, I can make various products, I
don’t know ... a pair of earrings, a staple, a necklace
– I choose the most successful option, on the spur of
the moment. But for others it is just a «fistful» of beads
and crystals...”
Also related to the definition of creativity was the sub-
ject of its origins, more precisely whether it is innate
or not, and in this situation two types of answers
stood out. The vast majority of respondents (14) cor-
related this question with the one linked to the defini-
tion of creativity and thus advanced the idea that indi-
viduals are born with talent that they subsequently
develop through creativity, while 3 of the designers
considered that anyone can develop their creative
potential through learning and repetition. 
With respect to the factors that stimulate/inhibit cre-
ativity, designers suggested there are numerous
experiences that influence their creativity. Exposure
to stimulating, challenging environments can increase
creativity, as D1 states: “It is possible that a stroll or
certain documentaries arouse my creativity... I do not
force anything. Everything comes naturally”.
Other designers, too, place the emphasis on nature
as an incentive. However, the inhibitory factors seem
to differ from one designer to another. More exactly:
“Nature is always a helpful element. Even stress
helps develop creativity. I have found that under
stressful conditions, I show creativity. I often work
better under pressure”. D5 said, while D6 explained:
“Natural light, rest and sun help a lot. And creativity is
stifled by cold, darkness, stress, anxiety, or health
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factors”. On the other hand, for D11, the inhibition of
creativity is justified by the intense search: “While I
work, I usually come up with the most ideas for future
items (...) When I seek inspiration from other fields
such as architecture, fashion, photography, etc. I’m
completely confused, I can’t stop searching and I
can’t focus on a subject, so too much research
inhibits my creativity, I suppose”. 

The attributes of creative Individuals vs.
the attributes of designers

One of the secondary aims of the research was to
identify the opinions of the entrepreneur designers in
the fashion industry regarding the attributes of cre-
ative individuals. The 17 designers constantly men-
tioned the same four attributes of creative people:
imagination (14 designers), followed by originality (11
designers), passion for creation (9 designers) and
intuition (8 designers) as can be seen in figure 1. 
Even when they talked about how they define cre-
ativity, some of the interview participants used quali-
ties of creative people, mentioning passion almost as
often as originality: D17 “For me, creativity means
passion, harmony, sensitivity, emotion” or D13:
“Freedom of expression, freedom to do what you like,
how you like it and when you like it. Flexibility.
Enthusiasm. It’s actually... Passion”.
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Fig. 1. The attributes of creative individuals

When asked which attributes define them as design-
ers, their answers included most often the terms pas-
sion, patience and perseverance. Participants noted
that being flexible is also a feature of creative people.
Moreover, to the question “To what extent have these
attributes impacted on your professional perfor-
mance?” 10 of the designers responded “extensive-
ly”, and the 7 others “a lot”. 

The creative process

The creative process seems to present a multitude of
elements common to most interviewees, as D1, D5
and D6 explain. If, in the pre-interview stages, they
considered creativity to be innate or developed, the
vast majority consider inspiration as an incipient
phase, as D6 does: “I start with inspiration, then I do
research for that collection/that product. After the
research, come the sketches and the materials. The
next step is represented by the sketch and the design
of the product itself. The trying on and the finish follow.”

reality and the material side”. “You can be creative in
any field [...]. Creativity is a business” mentions D11,
while D13 looks at the results: “The business is the
purpose of the art, the way it reaches the consumer.
There is no art if it is not used, if no one sees it, it
does not exist”. 
Also, D14 captures through his words the idea of suc-
cess where creativity and business meet: “Innovation
is always needed to succeed in business, it is very
important to be creative, to always create new prod-
ucts that meet the needs of customers. For a compa-
ny’s financial success, creativity is essential”. Each of
the designers’ opinions illustrates how they dispel the
tensions and erase the boundaries between artistic
creativity and business, as described by D8: “If
art/design is based on subjectivity and emotion, then
business is the objective and pragmatic part, and
without both elements, a business in the creative
industries would be pointless”.

They all noted that the creative process is different
from one product to another, from one creator to
another, from one moment to another. For instance,
D5 mentioned: “I start from the client’s wish. He tells
me what he wants from me, I ask him what colors and
elements he generally wants to find in the final prod-
uct and from there on everything comes only from my
imagination”.
It is worth noting that none of the designers has men-
tioned a perfect template for the creative process.
Each of them spoke about diversity and at the same
time about specificity. D1 emphasized: “I do not have
a pattern of the creative process. It may start with a
sketch that undergoes changes along the way, or I
can sit at the work bench, simply start working and
the ideas might spring to mind at any moment. Often
an idea presents itself unexpectedly, so then I write it
down, I look for solutions, do some trials, maybe
sketch something and when I feel it may lead to
something good, I start working”. 

Creativity in business

In the next decade, a quarter of all jobs will be com-
pletely new. The future is not predictable, but we will
have to create it, and that means we will be forced to
retrain our mind and adopt an entrepreneurial way of

thinking. Companies, big or small, are
challenged to adopt new business
strategies, to create and develop a
creative, innovative business envi-
ronment. This is also evident from the
opinions of the interviewed design-
ers. D1: “There is a point where the
two have to meet. A perfect balance
must be created between them.
Either you have someone to handle
the business details, or you have to
know when to put an end to the wave
of creativity and pay attention to the
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DISCUTIONS

In order to elaborate this study, a number of 17
entrepreneur designers were asked to share their
own opinions of creativity based on their own experi-
ences, through semi-structured interviews. In the col-
lected data set, descriptors were identified that refer
to creativity, specific to each of the topics discussed.
Following the data analysis, we were able to identify
the most frequently used terms, revolving around the
central ones (“creativity”, “creative” and “business”),
namely “work”, “imagination”, “product”, “think”, by
taking into account the central position in the word
cloud (figure 2). This actually reflects a very high den-
sity of these terms in the idiom of designers. The
analysis of the network of keywords used by design-
ers also revealed a particular focus on the following
terms: “ideas”, “passion” and “originality”, especially
when the discussions were about the attributes of
creative people. When they referred to the creative
process, designers quickly moved from “creativity” to
“innovation”, subsequently linking information about
the materials used with terms such as “intuition”,
“patience” and finally, most of them talked about
“results” and “creative solutions”.
Based on the topics discussed regarding creativity,
we proposed a model to help explain the opinions of
the 17 entrepreneur designers from the fashion
industry, a model that could contribute to the under-
standing of creativity in this sector (figure 3). 

Based on the idea that designers regarded creativity
as innate (being associated with the artist’s actual
activity) or developed (by making the distinction
between talent and the ability to solve problems cre-
atively), the creative process can be enriched by
strategies meant to stimulate creativity, such as: par-
ticipation in experience exchanges with other profes-
sionals, training/specialization courses and participa-
tion in conferences. Therefore, regardless of how
they perceive the origin of creativity, and no matter
how important it would be to use creativity stimuli (the
designers’ choices leaning entirely towards great and
considerable importance), the participants in the
study considered that these serve as a predisposition
to the appearance of inspiration (D17: “Sometimes
inspiration can be triggered by the sight of a colour, a
pattern, or by the feeling of a texture or a fabric.”).
Whether doing research to advance, or making
sketches to highlight the details or, rather, actually
choosing the materials, one reaches the stage of
making the pattern, a very important element in giv-
ing life to the idea. At this point, with the materials
and the pattern ready, the cutting process may begin.
A product can have several layers, it can be lined or
made of different textures. For all these details, pat-
terns must be made, based on which the cutting is
done. The parts are then assembled and, before the
finish, if the situation requires it, the sample is tried on
and any necessary alterations are made so that the
product conforms to the original idea. The last stage
could be a final trying on or even the final touch.

CONCLUSIONS

The results show that although, initially, in their
reports, designers regard creativity as a particularly
important feature for those working in the fashion
industry, when referring to the business, the notion of
creativity actually appears to be associated with that
of performance.
The analysis of the points of view of the entrepreneur
designers who are active in the fashion industry

Fig. 2. Word cloud (Interviews processed using ATLAS.ti)

Fig. 3. The designers’ perspectives on the creative process (processed using ATLAS.ti)



shows that this pattern can be applied outside the
creative industry. The origins of creativity, the
attributes of creative people, the creative process
and even the strategies to stimulate creativity can be
transferred to any other field of activity, as they are
not unique, and can thus contribute to a deeper
understanding of the concept. Although the model
has been validated by the research participants, they
do not perceive it as the final outcome, but as a
part/stage in the creative process. Since there are
few studies conducted on the creativity of Romanian
designers, our empirical study, through the obtained
results, contributes to the literature by highlighting
ways in which the entrepreneur designers manifest
and develop their creativity in the context of the new
business environment, in order to achieve sustain-
able competitive advantage.
This serves as proof that the business sector is one
in which creativity can fit like a glove. Running a busi-
ness is not an inhibiting factor for creativity. In fact,
creativity can even be viewed as an art by anyone
with an open mind, who is determined and willing to
take risks while being able to identify opportunities
and, in so doing, to bring out in an organized manner
the latent potential of resources, so that in the end
they can be used to create surplus value.

LIMITS AND RECOMMENDATIONS

We must keep in mind that this study is related to the
designers’ opinions of creativity in business and, as
such, it provides a new perspective for future studies
and additional approaches. 
Regarding the answers analysed, it is necessary to
pay attention to several limitations, out of which one
of the main is the specific context: the fashion design

industry in western Romania. Therefore, no general-
ization can be made regarding the entire creative
sector. At the same time, the sample was partially
self-selected, so our research could represent exclu-
sively the opinion of those who were willing to partic-
ipate in these interviews. The interviews largely
involved the idea of introspection, and this can be
considered difficult for those interviewed because
they can omit certain relevant information. Although
one of the limitations is the small number of intervie-
wees, we chose a qualitative research to the detri-
ment of a quantitative research because we sought a
better understanding of the designers’ ideas in cer-
tain situations, although this allows for the possibility
of overestimating or underestimating them. 
Future studies could support the present research if
based on quantitative surveys mainly focused on the
creativity of entrepreneur designers, and if the seg-
mentation were targeted more precisely. Also, the
features deemed irrelevant in the present paper
might be revisited. Understanding creativity is neces-
sary in the textile industry, and implicitly in fashion, as
support for designers, because it can be the basis for
improving education in the field: discovering a new
idea by resorting to creativity is not enough to be suc-
cessful, as creativity is a continuous process, just like
education. 
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INTRODUCTION

Self-cleaning textiles have many applications for pro-
tective uniforms, upholstery and carpets, window
blinds, tents and awnings, filter fabrics, agricultural
textiles, etc. [1]. Different compounds were tested to
improve the photocatalytic self-cleaning efficiency
such as TiO2 doped with metals, non-metals, metals-
no-metals co-doping, dyes, heterojunctions (ZnO/TiO2;
TiO2/SiO2; TiO2/WO3). Recently, doped TiO2-graphene
nanocomposites are intensive investigated due their
efficiency to decompose pollutants and pathogenic
microorganisms under visible light [2–6]. It is largely
accepted that the high interfacial contact between
graphene sheet and TiO2 nanoparticles facilitates the
charge separation and electron transfer from TiO2 to
graphene upon irradiation and overcome the fast
recombination of the electrons and holes pairs,
improving the photocatalytic activity [7].

Different physical and chemical methods were pro-
posed for the immobilization of graphene-TiO2 on
textiles such as atmospheric pressure metal organic
chemical vapor deposition, electron beam evapora-
tion, reactive magnetron sputtering, spray pyrolysis,
sol-gel, and layer by layer assembly technique [8].
The most used method to prepare self-cleaning tex-
tiles remains the dip-pad-dry-cure method [9–11] due
its large applicability on conventional production
lines. The major drawback of immobilized TiO2 com-
posites is the low coating adherence. 
The objectives of this study are to investigate the
methods to create durable self-cleaning textiles by
coating fabrics with TiO2-(1%) Fe-N-graphene (2%).
To improve the adherence of the nanoparticles, the
polyester/cotton woven fabrics were pre-treated with
polyacrylic acid (PA), carboxymethylcellulose (CMC)
and polyethylene polyamine resin (EZF).
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ABSTRACT – REZUMAT

Attempts to improve the self-cleaning effect of the textile materials

The objective of this study is to investigate the methods to create durable self-cleaning textiles by coating fabrics with
TiO2-(1%)Fe-N-graphene (2%). To improve the adherence of the nanoparticles, the polyester/cotton woven fabrics were
pre-treated with polyacrylic acid (PA), carboxymethylcellulose (CMC) and polyethylene polyamine resin (EZF). The
pre-treated materials were immersed in a doped TiO2 for 30 minutes at 40oC and dried at 125oC. The finished fabrics
were stained with methylene blue dye and exposed to visible light. 
The SEM images show the presence of particles on polymers layers firmly attached on the material surface. The
treatments determine the decrease of the exothermic peak (452.48oC), characteristic of the cellulose decomposition,
demonstrating an increase of the thermal conductivity of the materials. The doped TiO2-graphene induces a double
degradation of methylene blue in comparison with untreated material and the materials treated with CMC, polyacrylic
acid and cationic polymer. The effect is maintained after washing.

Keywords: doped TiO2-graphene, photocatalytic textiles, self-cleaning

Încercări de îmbunătățire a efectului de auto-curățare al materialelor textile

Obiectivul acestui studiu îl reprezintă cercetarea metodei de obținere a materialelor textile cu proprietăți de
auto-curățare, durabile, prin acoperirea cu TiO2-(1%)Fe-N-grafen (2%). Pentru a îmbunătăți aderența nanoparticulelor,
țesăturile din poliester/bumbac au fost pre-tratate cu acid poliacrilic (PA), carboximetilceluloză (CMC) și rășină polietilen
poliamilică (EZF). Materialele textile pre-tratate au fost imersate în TiO2 dopat, timp de 30 de minute la 40oC și uscate
la 125oC. Țesăturile finisate au fost pătate cu albastru de metilen și expuse la lumină vizibilă. 
Analiza SEM evidențiază prezența particulelor pe straturile polimerice, bine fixate pe suprafața materialului.
Tratamentele determină scăderea vârfului exotermic (452,48oC), caracteristic descompunerii celulozei, demonstrând o
creștere a conductivității termice a materialului. TiO2-grafen dopat induce o dublă degradare a albastrului de metilen în
comparație cu materialul netratat și materialele tratate cu CMC, acid poliacrilic și polimer cationic. Efectul se menține și
după spălare. 

Cuvinte-cheie: TiO2-grafen dopat, textile fotocatalitice, auto-curățare

252industria textila 2020, vol. 71, no. 3˘



EXPERIMENTAL

Materials 

Scoured and bleached 33% cotton/67% polyester
woven fabric, TiO2-(1%)Fe-N-graphene (2%), poly-
acrylic acid (Mwt = 138.1 g/mol), carboxymethylcellu-
lose (CMC) and polyethylene polyamine resin
(ITOFIX EZF, Fast Colours, UK), sodium dodecylhy-
drogenesulfate (DHS, Merck), Tween 80 (Sigma
Aldrich), ethanol, α-terpineol (Merk), Imerol JSF
(Archroma). 

Methods

Preparation of 0.7 g/l TiO2-(1%) Fe-N-graphene
(2%) dispersion 
To prepare the dispersion, in a 2l reactor were suc-
cessively added under intensive stirring on ultrasonic
bath the following compounds: 527 ml of water,
351 ml of ethanol, 88 ml of terpineol, 4.5 ml of EHS,
17.5 ml of Tween 80, 10.5 ml of Imerol JSF, 0.8 g
DHS and 0.7g doped TiO2-graphene. The mixture
was stirred at 40°C for 60 min. A white-gray disper-
sion is formed.
Fabric treatment
Cotton/polyester fabrics were separately immersed in
1 g/l carboxymethylcellulose (CMC), 1 g/l polyacrylic
acid (PA) and 10 g/l Itofix EZF solutions, kept at 80oC
for 20 minutes and then, dried at 120oC. The pre-
treated, dried materials are immersed in 0.7 g/l TiO2-
(1%) Fe-N-graphene (2%) dispersion, maintained
under stirring at 40°C for 30 minutes and dried in the
preheated oven at 125oC.
Material abbreviation is the following:
A: cotton/polyester fabric immersed in TiO2-graphene
dispersion;
CMC: cotton/polyester fabric immersed in 1 g/l CMC;
B: cotton/polyester fabric immersed in 1 g/l CMC and
later in TiO2-graphene dispersion;

PA: cotton/polyester fabric immersed in 1 g/l poly-
acrylic acid;
C: cotton/polyester fabric immersed in 1 g/l polyacrylic
acid and subsequently in TiO2-graphene dispersion;
EZF: cotton/polyester fabric immersed in 10 g/l Itofix
EZF;
D: cotton/polyester fabric immersed in Itofix EZF and
later in TiO2-graphene dispersion.

Characterization 

The morphology of the fabric was investigated by
scanning electron microscope (SEM, Quanta 200,
FEI, Holland). The wetting ability was determined by
measuring the contact angles of 5μl distilled water
droplet on a VCA Optima (AST Products Inc., USA)
instrument. The results are the average of 5–10 mea-
surements in different points on the samples surface.
The thermal properties of the coated fabric were
measured on DSC (Pyris Diamond, Perkin Elmer,
USA) instrument, with a heating rate of 10oC/minute
and using 10 ml/minute air as a purging gas. The
electrical resistivity was measured with PRS 801 dig-
ital multi-meter (Prostat Corporation, USA), accord-
ing standard SR EN 1149-1:2006, at 20.7oC and
28.8% relative humidity. The photocatalytic efficiency
of the untreated and treated materials was evaluated
initially and after 5 washing cycles, by measuring the
trichromatic coordinates of materials stained with
methylene blue and exposed at UV and visible light
on Hunterlab spectrophotometer, with CIELAB 1976
color space and D65-light source. 

RESULTS AND DISSCUSION 

Characterization of the fabric by Scanning
Electron Microscopy (SEM)  

The spreading of the particles and their size on the
surfaces of the treated fabrics are shown on the SEM
images (figure 1). 
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Fig. 1. SEM images of untreated and treated fabrics

PA                                          C                                        EZF                                         D

Untreated material A CMC B



SEM images show the TiO
2

parti-

cles on cotton/ polyester woven

fabric samples, before and after

treatments. The samples CMC,

PA, EZF are covered with thick

layers of polymers. After the

immersion in the doped-TiO
2
-

graphene dispersion, a large

number of particles cover the

fibers surface. The particles are in

a larger number and more uni-

formly spread on the surface of

the fabric coated only with doped

-TiO
2
-graphene (A) than on the

surface of the samples covered

with polymers and TiO
2
-graphene
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the electrostatic was observed for the fabric EZF cov-

ered with polyethylene polyamine layers. The materi-

als coated with polymers and TiO
2
-graphene show

higher electrical resistivities due to the thick layers

and large agglomerates formed on the cotton/

polyester surface [13]. 

Thermal conductivity

The thermal behavior of the coated samples is shown

in the figure 2 and tables 3 and 4.

The untreated material has 3 peaks, the first

endotherm (254.45oC) associated with the melting of

the polyester yarns, the second (353.11oC) associated

MATERIALS ELECTRICAL RESISTIVITY

Sample
Surface resistivity

(Ωsq × 1013)

Volume resistivity

(Ω × cm × 1015)

Thickness

(mm)

Untreated material 29.5 2.67 0.40

A 42.5 11.2 0.41

CMC 15.5 9.09 0.44

B 63 2.48 0.43

PA 15.5 8.82 0.43

C 25 43.3 0.43

EZF 20.5 10.5 0.44

D 35 4.33 0.43

Table 2

IMAGES OF WATER DROPLETS AND CONTACT ANGLE VALUES

Sample Untreated fabric CMC PA EZF

Contact angle

left/right (o)
133.22 133.45 137.02 136.22 129.02 130.37 134.92 135.32

Image

Table 1

Fig. 2. DSC thermograme: D – yellow; C – purple;

B – black; A – green; PA – blue; EZF – blue marine;

CMC – red

(B, C, D). As it can be seen from images, the particles

are more agglomerated on the fabric B, covered ini-

tially with CMC, probably due to porous surface of

CMC and carboxyl groups which attract TiO
2

parti-

cles. 

Surface wettability of the treated fabrics

Due to the high content of thin polyester yarns and

tight structure of the fabric, the untreated woven

material is highly hydrophobic (contact angle of

133o). The hydrophoby of the materials is not signifi-

cantly changed (table 1) if the materials are covered

with polymers. After the TiO
2
-graphene treatment, the

water static contact angle becomes zero, the water

droplet being absorbed in less than 60 seconds, indi-

cating a completely water wettability of the fabrics.

The increased hydrophilic behavior of the materials

could be correlated with the deposition of a large

number of TiO
2

particles on the materials surface

knowing that graphene has water and oil repellency

properties [12].

Evaluation of the electrical resistivity

The results of the materials’ electrical resistivity are

shown in the table 2. 

Cotton/polyester fabric has anionic properties due to

the hydroxyl and carboxyl groups respectively. By

depositing layers of carboxymethylcellulose (sample

CMC) and polyacrylic acid (sample PA), the anionic

character is accentuated leading to the decrease of

the surface electrical resistivity. A smaller decrease of



with possible fiber impurities and the third endotherm

(452.48oC) associated with the burning of cotton [14].

Covering the materials with polymers and with TiO
2
-

graphene, causes the enthalpy decrease of both

fibers. It is possible that this decrease is due to the

uneven deposition of the compounds, which leads to

localized growth of thermal conductivity.

Photocatalytic efficiency

The aspect and the color modifications of the materi-

als stained with methylene blue exposed 4 hours to

visible light, are shown in the tables 5 and 6.

As the notes on grey scale demonstrate, the doped

TiO
2
-graphene induces a double degradation (table 6)

of the methylene blue in comparison with untreated

material and the materials treated with CMC, poly-

acrylic acid and cationic polymer. The highest light-

ness difference (dL*) is recorded for sample a, coat-

ed with TiO
2
/graphene. Instead, the highest color

difference is recorded on the sample D, initially treat-

ed with the cationic polymer, followed in descending

order by samples A, C and B. Probably, this effect is

determined both by the uneven deposition of polymer

layers and the blocking of a portion of TiO
2

by the

functional groups of the polymers (- carboxyl groups).

The hypothesis is confirmed by the dL* and dE* val-

ues of samples treated only with polymers that

decrease in the order: PA> CMC>EZF.
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DSC RESULTS ANALYSES

Sample Untreated material A CMC B

Weight (mg) 3.4 3.7 2.8 2.5

Temp. max. (oC) 254.44 353.11 452.48 252.44 415.26 254.49 447.98 255.26 419.42

ΔH (J/g) 26.95 –77.97 –210.54 22.73 –16.47 31.93 –638.79 12.39 –3.75

Onset t (oC) 253.30 340.86 435.32 249.38 407.16 252.38 418.27 252.32 415.57

Table 3

DSC RESULTS ANALYSES

Sample PA C EZF D

Weight (mg) 2.8 2.4 2.3 -

Temp. max. (oC) 254.45 427.13 253.77 422.27 255.26 432.67 252.77 420.33 419.42

ΔH (J/g) 28.994 –133.4490 9.5335 0.6313 24.8835 –52.8754 19.3429 –4.9547 –3.75

Onset t (oC) 252.87 410.75 251.41 421.10 253.16 425.03 249.58 416.98 415.57

Table 4

ASPECT OF THE MATERIALS EXPOSED 4 HOURS AT VISIBLE LIGHT (XENOTEST)

Time (hours) Blank CMC Polyacrylic acid EZF

0

4

Time (hours) A B C D

0

4

Table 5



Carboxymethyl cellulose (CMC) contains several car-
boxymethyl (-CH2-COOH) groups linked to the
hydroxyl groups of the glucopyranosyl rings and
interacts with a larger number of TiO2 molecules than
polyacrylic acid, inhibiting the photocatalytic activity.
Consequently, as the results show, the discoloration
of methylene blue is more intense on the sample
treated with polyacrylic acid and TiO2/graphene
(sample C, dE*=16.26) than that on the sample treat-
ed with CMC and TiO2/graphene (sample B,
dE*=15.53). This demonstrates that the discoloration
is induced by the photocatalytic effect of TiO2-
graphene and not by any possible absorption of the
dye by the polymers although the CMC is amorphous
and according to SEM images is deposited in thicker
layers than the polyacrylic acid. 
The photocatalytic properties of the samples on the
degradation of methylene blue (MB), in visible (λ>400
nm) spectral regions (~1 mW; at the irradiance of
2.5 W/m2) were also measured by a PCC-2 (ULVAC
RIKO, Chigasaki, Kanagawa, Japan) photocatalytic
checker. The absorbance (ABS) is a measure of the
photocatalytic efficiency of sample, higher negative
values indicating better activity. The ABS values of
the samples are depicted in the figure 3.

As the graph shows, the most intensive efficiency is
demonstrated by the samples c and d (after 2 hours
of exposure at visible light, almost 20% of dye is
decomposed). No saturation tendency can be
observed after 2 hours on irradiation in visible light.
The slight differences between the two tests (UV-VIS
spectrophotometry and photocatalytic checker) could
be attributed to the intrisec non-uniformity of the tex-
tile materials and, accordingly to the deposited com-
posites layers.
Evaluation of the photocatalytic effect after washing

The treated materials were subjected to 5 washings
at 40oC with distilled water. After drying, they were
stained with 0.064 g/l MB for 20 minutes at 30oC. The
stained materials were exposed to visible light, the
appearance and results of color change measure-
ments being shown in tables 7 and 8.
All the materials treated with TiO2-graphene preserve
their photocatalytic efficiency after 5 washing cycles.
According to the values of lightness and color differ-
ences, the highest photodegradation is shown by
samples C and D, pre-treated with polyacrilic acid
and, respectively Itofix EZF and then with doped
TiO2-graphene. 

CONCLUSIONS

The SEM/EDAX analyses confirm the deposition of
TiO2-graphene on fabrics. The fabrics coated with
doped TiO2-graphene particles are highly hydrophilic
due to the deposition of a high number of hydrophilic
TiO2 particles on the materials surface. All the treat-
ed fabrics have electrical resistivity in the same range
as untreated cotton/polyester.
The coated cotton/polyester fabrics with graphene
oxide/TiO2 nanocomposite show good photocatalytic
self-cleaning activity evaluated by degradation of
methylene blue under visible light irradiation. The
used polymers promote greater adherence of the
TiO2-graphene particles to the substrate demonstrat-
ed by the maintenance of the photocatalytic efficien-
cy after 5 washing cycles.
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TRICHROMATIC COORDINATES OF THE MATERIALS STAINED WITH MB AND EXPOSED 4 HOURS
TO VISIBLE LIGHT

Sample L* a* b* dL* da* db* dE*
Strength
SUM (%)

Note

Blank  67.61 –3.10 –28.66 1.85 5.31 9.94 11.42 67.49 2.00

A 77.74 –3.10 –11.37 8.86 10.32 12.62 18.55 47.67 1.00

CMC 63.66 –3.43 –31.42 2.20 1.19 10.23 10.53 72.66 2.00

B 80.85 –2.19 –11.47 6.62 10.48 9.35 15.53 54.90 1.00

PA 77.42 –2.22 –23.73 4.93 6.15 10.67 13.27 67.49 1.50

C 79.52 –1.59 –10.14 6.62 10.44 10.56 16.26 55.72 1.00

EZF 83.41 –0.74 –16.86 0.15 8.11 3.93 9.01 78.84 1.50

D 75.37 –4.88 –12.03 8.68 10.19 14.96 20.07 44.98 1.00

Table 6

Fig. 3. The photocatalytic activity of the samples
on the degradation of methylene blue
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ASPECT OF THE MATERIALS EXPOSED 4 HOURS AT VISIBLE LIGHT (XENOTEST)ASPECT OF TREATED
MATERIALS ACCORDING TO EXP. 8 AFTER 5 WASHES, EXPOSED 8 HOURS IN VISIBLE LIGHT

Time (hours) A B C D

0

4

8

Time (hours) CMC PA EZF

0

4

8

Table 7

TRICHROMATIC CO-ORDINATES OF THE MATERIALS AFTER 5 WASHES, EXPOSED 8 HOURS IN VISIBLE
LIGHT (XENOTEST)

Sample L* a* b* dL* da* db* dE*
Strength
SUM (%)

Note

A 74.92 –1.07 –10.60 9.36 12.01 20.98 25.92 44.35 1

CMC 66.62 –2.18 –21.49 5.36 3.39 19.69 20.69 58.08 1

PA 69.43 –1.29 –19.75 5.79 6.83 19.84 21.76 51.78 1

B 75.89 –0.73 –9.75 10.44 11.82 20.92 26.20 46.13 1

C 77.30 –0.42 –9.87 11.53 11.80 22.77 28.12 38.13 1

D 77.96 –0.50 –9.13 11.50 12.21 21.37 27.17 38.19 1

EZF 84.37 2.07 –12.75 3.62 12.21 9.87 16.11 73.12 1

Table 8
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INTRODUCTION 

As the industry grows, more chemical products enter
our life and come in contact with our skin or can be
inhaled or ingested. One of these substances is
formaldehyde [1]. Since its discovery, at the end of
the nineteenth century, formaldehyde, also known as
formalin, has been proven to possess antifungal and
antimicrobial properties and, due to this reason, it
has been also used as treatment for the conservation
of textile artifacts [2–4]. Formaldehyde has been
classified as carcinogenic to humans by IARC

(International Agency for Research on Cancer) [5].
Formaldehyde is a common precursor to more com-
plex compounds and materials. The textile industry
uses formaldehyde-based resins as finishing agents
to make fabrics crease-resistant [6–7]. Formaldehyde
is usually added to textile products to make them
wrinkle-free, shrink proof, flame retardant and to
maintain the durability of the printing and dyeing, or
to improve the texture. Textile products and clothing
containing formaldehyde will gradually release free
formaldehyde [8]. Formaldehyde causes respiratory

Validation method and proficiency test for the determination of free
and hydrolysed formaldehyde
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ABSTRACT – REZUMAT

Validation method and proficiency test for the determination of free and hydrolysed formaldehyde

Formaldehyde resins are usually used in the textile industry to prevent wrinkling, as well as for conservation of textile
artifacts. The International Agency for Research on Cancer (IARC) classified formaldehyde as carcinogenic to humans.
There are several regulations regarding the amount of formaldehyde found in textiles, for example Oeko-Tex Standard
100, REACH and European Ecolabel. In the present work, a spectrophotometric method for quantitative determination
of free and hydrolyzed formaldehyde extracted through partial hydrolysis by using aqueous extraction was developed
and validated. The method is in conformity with SR EN ISO 14184-1:2012 standard. The results of the validation
parameters are 0.0117 mg/l for detection limit and 0.039 mg/l for quantification limit. The working field was proved to be
linear in 0.15 µg CH2O/ml – 6.00 µg CH2O/ml range with a correlation coefficient of 0.999977. Furthermore, the recovery
parameter value is 89.80%. Selectivity was determined in relation to acetic anhydride and the spec tropho tometric
method was proven to be selective for the quantitative determination of formaldehyde. Besides the validation method,
a control diagram has been constructed by measuring a solution of known concentration 10 times. The selected
concentrations are 0.16 mg/l and 0.75 mg/l. These solutions are measured before the actual samples. To ensure the
accuracy of the results, our laboratory participated to a proficiency test conducted by ASQUAL. The z-score obtained
was 0.38 and the number of participating laboratories was 13.

Keywords: formaldehyde, textile, ecology, validation method, proficiency test

Metodă de validare și teste interlaboratoare pentru determinarea formaldehidei libere și hidrolizate

Rășinile pe bază de formaldehidă sunt, de obicei, utilizate în industria textilă pentru prevenirea șifonării materialelor și,
de asemenea, pentru conservarea artefactelor textile. Agenţia Internaţională pentru Cercetarea Cancerului (IARC) a
clasificat formaldehida drept carcinogenă pentru oameni. În prezent, există câteva organisme pentru regularizarea
cantităţii de formaldehidă regăsită în materialele textile: Oeko-Tex Standard 100, REACH și European Ecolabel. În
această lucrare a fost descrisă dezvoltarea și validarea unei metode spectrofotometrice pentru determinarea cantitativă
a formaldehidei libere și hidrolizate extrasă prin hidroliză parţială, utilizând extracţia apoasă. Aceasta metodă este în
conformitate cu standardul SR EN ISO 14184-1:2012. Rezultatele parametrilor de validare sunt 0,0117 mg/l pentru limita
de detecţie și 0,039 mg/l pentru limita de cuantificare. Domeniul de lucru s-a dovedit a fi liniar în intervalul 0,15 µg
CH2O/ml – 6,00 µg CH2O/ml, cu un coeficient de corelaţie de 0,999977. În plus, valoarea parametrului de recuperare
este 89,80%. Selectivitatea a fost determinată în raport cu anhidrida acetică, iar metoda spectrofotometrică s-a dovedit
a fi selectivă, pentru determinarea cantitativă a formaldehidei. Pe lângă metoda de validare, a fost elaborată o diagramă
de control, prin analiza unei soluţii de concentraţie cunoscută de 10 ori. Concentraţiile selectate sunt 0,16 mg/l și 0,75
mg/l. Aceste soluţii au fost analizate înaintea probelor propriu-zise. Pentru a asigura acurateţea rezultatelor, laboratorul
nostru a participat la un test interlaboratoare condus de către ASQUAL. Scorul z obţinut a fost 0,38, iar numărul de
laboratoare participante a fost 13.

Cuvinte cheie: formaldehidă, textile, ecologie, metodă de validare, teste interlaboratoare
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inflammation by inhalation and skin inflammation by

skin contact and it also irritates the eyes.

Furthermore, prolonged exposure to formaldehyde

may cause allergies and cancer. There are two stan-

dards for the determination of formaldehyde from tex-

tiles: one of them is ISO 14184-1:2012 “Determi-

nation of formaldehyde – part 1: free and hydrolyzed

formaldehyde (water extraction method)” and the

other one is ISO 14184-2:2012 “Determination of

formaldehyde – part 2: released formaldehyde (vapor

absorption method)”. The amount of formaldehyde

must not exceed 16 ppm [9–10]. In this paper, a

method to determine the free and hydrolyzed

formaldehyde from textiles is reported, the extraction

being performed in distilled water. The method has

been validated and the control method to improve the

certainty of the obtained results has been estab-

lished.

EXPERIMENTAL

Validation method 

To validate this method, the following performance

parameters have been determined: selectivity (speci-

ficity), limit of detection and limit of quantification,

working range, analytical sensitivity, precision

(repeatability and reproducibility) and recovery.

Selectivity (specificity)

Selectivity (specificity) is the ability of the method to

measure the behaviour of the analyte in the presence

of other impurities and compounds [11]. To evaluate

this parameter, acetic anhydride (figure 1) and acet -

aldehyde (figure 2) have been measured trough

spectrophotometric method in scan mode (350–480

nm range). The two solutions were prepared identi-

cally to the formaldehyde solutions, according to

ISO 14184-1:2012. Moreover, the mixture of compo-

nents that are mentioned in the working procedure

and each component individually, including the ana-

lyte of interest have been analyzed. The concentra-

tions are: 150 g/l ammonium acetate, 3 ml/l acetic

acid, 2 ml/l acetyl acetone, Nash reagent, 1.50 mg/l

formaldehyde solution with Nash reagent and 6 mg/l

formaldehyde solution with Nash reagent (Nash

reagent is a solution obtained by the dissolution in

distilled water of 75 g ammonium acetate, 1.5 ml

glacial acetic acid and 1 ml acetylacetone in a dark

500 ml volumetric flask).  

Limit of detection (LOD) and limit of quantification

(LOQ)

The limit of detection represents the lowest analyte

concentration of a sample that can be detected with

reasonable statistical certainty, but not necessarily

quantified as an exact value under the established

test conditions. In broad terms, the limit of detection

is the lowest analyte concentration of a sample that

can be safely distinguished from zero [12–13]. There

are two types of detection limits: one for the instru-

ment and one for the method. The LOD of the instru-

ment is based on a sample analysis, measured using

a spectrophotometer, without passing by the sample

preparation. The LOD of the method is based on a

sample analysis, measured with the spectropho-

tometer after it was passed through the entire work-

ing procedure. To determine the LOD of the method

10 blank samples have been prepared (Nash reagent

with water 1:1 v/v) according to the working proce-

dure and they were analyzed. LOD was calculated

according to the formula: LOD = 0 + 3 × S0
. LOQ rep-

resents the lower concentration of analyte that can

be measured with an acceptable performance. LOQ

was calculated using the formula: LOQ = 0 + 10 × S
0
. 

Working range and method linearity

The working domain (the working concentration

range) is the interval between the upper and the

lower concentration of the analyte in the sample

(including these concentrations) for which the proce-

dure has been shown to have an adequate level of

accuracy, precision and linearity [14]. For the deter-

mination of formaldehyde concentration, the working

range is between 0.15 µg (15 mg/kg CH
2
O/1 g of fab-

ric) and 6.00 µg (600 mg/kg CH
2
O/1 g of fabric) of

formaldehyde. To determine if the working range is

suitable for the purpose of the method, 3 blank sam-

ples were submitted to UV-Vis spectrophotometer

analysis and the 8 standard solutions (0.1500 mg/l,

0.30000 mg/l, 0.7500 mg/l, 1.5000 mg/l, 2.2500 mg/l,

3.0000 mg/l, 4.5000 mg/l, 6.0000 mg/l) were pre-

pared according to SR EN ISO 14184-1:2012. 

The linearity of a quantitative analytical method

represents its ability to obtain results proportional to

the concentration (quantity) of the analyte in the sam-

ple [13]. To evaluate the linearity, a calibration curve

has been constructed, consisting of 8 concentration

levels: 0.1275 (the concentration of the first solution

is 15% lower than the one from the method), 0.3000,

0.7500, 1.5000, 2.2500, 3.0000, 4.5000 and 6.9000

mg/l (the concentration of the last solution is 15%

higher than the one from the method). The perfor-

mance criteria are: the correlation coefficient to be

0.990000, minimum and the curve to be linear. 

Analytical sensitivity

The sensitivity of the analysis method represents the

slope of the calibration curve or the regression coef-

ficient [15]. To determine this parameter, a calibration

curve in 8 points has been constructed. 

Precision (repeatability and reproducibility)

The precision of the method is expressed by its

repeatability and reproducibility. The description of

repeatability is: the approximate results in a series of

measurements from the same homogeneous sample

under the same operating conditions, same analyst,

same equipment, same laboratory and short opera-

ting time. The Repeatability Relative Standard

Deviation (RSDR) ranges between 0.1 – 1.5% [13].

To calculate the precision of the method a standard

solution with concentrations of 2.5000 mg/l was sub-

mitted to ananlysis 10 times, in the same conditions. 

Reproducibility measures the dispersion of multiple

measurement results for the same measurement,

with the same method, in different laboratories, on

identical samples, by different analysts using different

equipment over a longer period of time. 
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RESULTS AND DISCUSSION

Selectivity (specificity)

The overlapped UV-VIS spectra of the compounds
used for this method, as well as the compounds with
formaldehyde-like structure, such as acetaldehyde,
are represented in figures 1, 2 and 3. These mea-
surements were of great importance, as they have
been used to prove that these substances do not
interfere with the formaldehyde determination and
that the method is selective. 

Limit of detection (LOD) and limit of
quantification (LOQ)

The values of LOD and LOQ are presented in table 1.
These values indicate the suitability of the developed
method for detection and quantification of formalde-
hyde at low levels.

Working range and method linearity

The data has been listed in table 2. The values of the
analyzed samples are very close to the known con-
centrations and the correlation coefficient is 0.99996,
therefore the chosen working range is suitable for the
determination of formaldehyde in a concentration
range between 0.15 mg/l – 6.0 mg/l.
By performing the calibration curve,  a correlation
coefficient of 0.999977 was obtained, which demons-
trates excellent linearity in the 0.15 mg/l – 6.00 mg/l
concentration range, corresponding to 15 mg/Kg –
600 mg/Kg CH2O/g of fabric. The data is listed in
table 3.

Fig. 2. UV-VIS spectrum for acetaldehydeFig. 1. UV-VIS spectrum for acetic anhydride

Recovery
Field recovery returns are accepted in 80–120%
range for formaldehyde analysis using the spectrop-
hotometric method. Three measurements were per-
formed on an unfortified standard solution, on a forti-
fied standard solution and on a fortified sample.

Method robustness

A RSD of up to 1% is acceptable for the determina-
tion of robustness. To evaluate the robustness of the
method, three measurements of 2.25 mg/l formalde-
hyde solution after wavelength modification at 405,
410 and 415 nm were performed. 

Proficiency test

In order to confirm the precision and accuracy of the
method, our laboratory participated at an inter-labo-
ratory test organized by ASQUAL. A number of 13
laboratories took part at this study. 

Confirmation of the instrument performance

To evaluate the quality of the equipment used for the
analyis, a spectrum for a holmium oxide standard
solution was recored.

Uncertainty determination

In order to calculate the uncertainty of the method it
is necessary to take into account all the factors than
can generate errors. Examples of such factors are:
pipettes, volumetric flasks, analytical balance, the
purity of the reagents used. 

Fig. 3. Overlapped UV-VIS spectra of the compounds used for the current method, as well as the compounds with
formaldehyde-like structure (acetaldehyde)



Analytical

sensitivity

The values of the
obtained concentra-
tions according to
the measured absor-
bance of the solu-
tions are listed in
table 4. Based on
these values, the
method has been
proven to have ana-
lytical sensitivity for
the determination of
formaldehyde.
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RESULTS FOR LOD AND LOQ MEASUREMENTS

Blank – theoretical
concentration 0 (mg/l)

1 2 3 4 5 6 7 8 9 10

Mean values (mg/l) 0.0768 0.0554 0.0415 0.0480 0.0627 0.0558 0.0499 0.0807 0.0597 0.0656

Standard deviation= S0 0.0039

LOD (3 × S0) 0.0117

LOQ (10 × S0) 0.0390

Table 1

CONCENTRATION VALUES CORRESPONDING TO THE 8 STANDARD SOLUTIONS

Known
concentrations x

i

(mg/l)

y
i
for the read

concentrations
(mg/l)

xi

(mg/l)
yi

(mg/l)
b slope a intercept

Pearson
coefficient r

0.00
(blank sample) 0.0348

2.0500 2.0524 0.9989 0.0047 1.0000

0.1500 0.1587

0.3000 0.3072

0.7500 0.7457

1.5000 1.4768

2.2500 2.2367

3.0000 2.9856

4.5000 4.5302

6.0000 5.9963

Table 2

CONCENTRATION VALUES CORRESPONDING TO THE CALIBRATION CURVE

Level of concentration Theoretical value Measured value Correlation coefficient R2

1 0.1275 0.1412

0.999977

2 0.3000 0.2931

3 0.7500 0.7368

4 1.5000 1.4902

5 2.2500 2.2709

6 3.0000 2.9841

7 4.5000 4.5216

8 6.9000 6.8896

Table 3

CONCENTRATION VALUES CORRESPONDING TO THE CALIBRATION CURVE

Specified
(mg/l)

Calculated
(mg/l)

Residual
(mg/l)

Calibration
coefficient

Specified
correlation
coefficient

Calculated
correlation
coefficienta b

0.1500 0.1613 –0.0113

–0.0046 –0.1395 0.9800 0.9999

0.3000 0.3068 –0.0068

0.7500 0.7322 0.0178

1.5000 1.4923 0.0077

2.2500 2.2683 –0.0183

3.0000 2.9820 0.0180

4.5000 4.5053 –0.0053

6.0000 6.0016 –0.0016

Table 4



Precision (repeatability and reproducibility)

The results are presented in table 5.
The RSDR values will be maximum 35% (table 6).

Recovery

For the measurements performed on the unfortified
standard solution, the average value obtained was
0.2986, for the fortified standard solution the average
value obtained was 2.3788 and for the fortified sam-
ple the average value obtained was 1.2174. R% = 

100 × c3’/c3 – were c3’ is the theoretical concentra-
tion of the fortified sample and c3 – the average of
the read fortified concentrations. The recovery is
R% = 89.80%, which is in the acceped range, pro-
ving that the method is suitable for the determination
of formaldehyde.

Method robustness

The effect of each modification of the working condi-
tions on the measurement results is represented in
table 7.
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RESULTS FOR REPEATABILITY CALCULATION

Theoretical
concentration

(mg/l)

Read
concentration

(mg/l)

Average
concentration

(mg/l)

Repeatability
standard

deviation Sr
(mg/l)

Repeatability
limit r
(mg/l)

r = 2.8Sr

Repeatability
relative standard

deviation (%)
RSDr = 100 × (Sr/x)

Reproducibility
limit

R= 1.6 × r
(mg/l)

2.5000

2.2018

2.2075 0.0025 0.0069 0.1100 0.0110

2.2065

2.2057

2.2063

2.2082

2.2092

2.2090

2.2090

2.2092

2.2098

Table 5

RESULTS FOR REPRODUCIBILITY CALCULATION

Theoretical
concentration

(mg/l)

Average
concentration

(mg/l)

Reproducibility
standard deviation

SR (mg/l)

Reproducibility
limit r (mg/l)

r = 2.8 SR

Reproducibility relative
standard deviation (%)

RSDR = 100 × (SR/x)

Reproducibility
limit R = 1.6 × r

(mg/l)

3 (First analyst)
3.0489 0.0175 0.0489 0.0790 0.5735

3 (Second analyst)

Table 6

RESULTS FOR ROBUSTNESS AFTER CHANGING THE WAVELENGTH VALUE

Wavelength
(nm)

Formaldehyde standard
solution quantity (mg/l)

Standard
deviation s

Formaldehyde quantity detected (mg/l)
RSD = s/Xmedium

405 2.25 0.0017

2.2605

2.2625 Xmedium = 2.2619

2.2627

2.2619 mg/l ± 0.0761% formaldehyde

410 2.25 0.0015

2.2583

2.2599 Xmedium = 2.2595

2.2603

2.2664 mg/l ± 0.0662% formaldehyde

415 2.25 0.0015

2.2667

2.2673 Xmedium = 2.2664

2.2652

2.2664 mg/l ± 0.0675% formaldehyde

Table 7



Proficiency test

The performance of the laboratory was evaluated
according to “z-scores”:
• |z| ≤ 2: result: correct (color code: green);
• 2 < |z| ≤ 3: result: questionable (warning signal –

color code: orange);
• |z| > 3: result: not satisfactory (action signal – color

code: red).
The comparative results for the z-score obtained
have been represented in figure 4. The concentration
values (mg/kg) attained by each laboratory have
been presented in figure 5. The leter O was assigned
to our laboratory and the z score obtained was –0.38.

Confirmation of the instrument performance

An example of the holmium oxide verification is
shown in table 8.   
The difference between the theoretical values and
the measured values is less than 1 nm, which is an
indicator of the proper functioning of the equipment.
Also, before each set of samples, 2 solutions from
the calibration curve (0.1600 mg/l and 0.7500 mg/l)
were analyzed. The values must range between the
values from table 9.

Uncertainty determination

The calculated value of the uncertainty for this met-
hod is 8.7%.
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Fig. 4. Z-score value for each laboratory

Fig. 5. Concentration in mg/kg and z-score for each laboratory

RESULTS FOR HOLMIUM OXIDE MEASUREMENT

Values
of wave-
length

Spectral
slot

width
The corresponding wavelength T% minimum (nm)

Theoretical
values

2 nm 
241.10 250.00 278.10 287.50 333.50 345.40 361.10 385.80 416.60 451.30 467.90 485.20 536.90 640.80

Measured
values

241.22 250.11 278.18 287.61 333.59 345.55 361.27 385.96 416.74 451.45 468.07 485.42 537.06 640.99

Confidence interval 95 % Confidence interval ± 1 nm                           95 % Confidence interval ± 3 nm

Table 8

RESULTS FOR THE INTERMEDIARY VERIFICATION WITH TWO SOLUTIONS FORM THE CALIBRATION CURVE

Result Correct result Acceptable result Acceptable result

x x – 0.002378 x + 0.002378 x – 0.003567 x – 0.002378 x + 0.002378 x + 0.003567

0.1697 0.1673 0.1721 0.1661 0.1673 0.1721 0.1733

x x – 0.001866 x + 0.001866 x – 0.002799 x – 0.001866 x + 0.001866 x + 0.002799

0.7451 0.7432 0.747 0.7423 0.7432 0.747 0.7479

Table 9



CONCLUSIONS

A method for the determination of the free and hydro-
lysed formaldehyde from textile materials has been
validated. The performance parameters (selectivity,
limit of detection, limit of quantification, working
range and method linearity, sensitivity, precision,
recovery, robustness) of the method have been eva-
luated and they indicate that this method is precise
and reliable. The method is accredited by RENAR,

the Romanian Organism for the Accreditation of
Laboratories.
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INTRODUCTION

The recycling issue has come into prominence due to

exhaustion of natural sources as well as the fact that

textiles is an industry that is harmful for the environ-

ment. Other environmentally-friendly applications in

textiles are carried out with strategies including

“clean production”, “recover/reuse”, “reduction of

waste in the first place”, “product modification”, “recy-

cle”, “energy recovery”, and “waste utilization”.

Because of great production volumes, approximately

one million tons of waste are generated in Turkey by

the textile industry each year. If total recovery would

be possible, this would be equal to 17% of annual

national unginned cotton [2]. It is quite difficult to

investigate recycling in textile production issue under

one title because raw material, machinery, energy

types and costs, environmental interactions during

processes and recyclability of products are not the

same [3]. Recycling is mostly carried out during spin-

ning. Open end spinning utilizes recycled fibers in

great ratios, as the open-end rotor spinning method

allows use of shorter fibers compared to ring spinning

[4]. 

However, the wastes that are generated in the end of

apparel manufacturing processes are fabric roll start

and end pieces (approximately 15% of whole fabric),

spread cutting leftovers, and defective fabric pieces

[3]. The wastage ratios of carded yarn production is

5.5–10.5%, combed yarn production is 12%, and this

ratio approaches 23% at fabric and apparel manu-

facturing steps [5]. Significant raw material recovery

can be achieved, if the wastes of the apparel manu-

facturing and spinning are utilized.

There are different methods of recycling including

product recovery, chemical recovery and thermal

recovery [6]. The structural and mechanical proper-

ties of fabrics produced from textile wastes, and their

utilization areas [7–11], the utilization potential of

polyester/cotton blend fabrics in composite materials

[12] and production possibilities and production

parameters of recycled yarns [13–18] have been the

subjects of recent studies. However, studies relating
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ABSTRACT – REZUMAT

Investigation of surface defects and apparel manufacturing efficiency of fabrics woven
from recycled cotton and blends 

For a sustainable life, new strategies have come to the forefront relating to design, production and recycling processes
in textiles and apparel manufacturing industries. In this study, woven fabrics consisting of weft threads from recycled
cotton fiber, original cotton fiber and original polyester fiber (35%/65% polyester/recycled cotton, 35%/65%
polyester/original cotton) were made to order in a textile firm and have been investgated in terms of surface defects and
apparel manufacturing efficiency. The types and numbers of defects obtained during inspection were recorded and
evaluated by using Pareto analysis. The percentage of surface/fabric defective products in all defects is 78.57% for
35%/65% polyester-recycled cotton fabrics and 69.09% for that in 35%/65% polyester-original cotton fabrics. The
percentage of second quality products at the end of apparel manufacturing is 4.9% for recycled cotton fabric products
and 2.75% for original cotton fabrics. 

Keywords: recycled fabric, fabric quality, second quality, wastage, apparel manufacturing efficiency

Analiza defectelor de suprafață și a eficienței producției de îmbrăcăminte pentru țesăturile din bumbac
reciclat și în amestec

Pentru o dezvoltare durabilă, noi strategii sunt implementate privind procesele de proiectare, producție și reciclare în
industria textilă și de îmbracăminte. În acest studiu, țesăturile realizate din bumbac reciclat, bumbac original și poliester
original (35%/65% poliester/bumbac reciclat, 35%/65% poliester/bumbac original) au fost utilizate într-o companie
producătoare de îmbrăcăminte și au fost analizate, în ceea ce privește defectele de suprafață și eficiența producției.
Tipurile și numărul de defecte identificate în timpul inspecției au fost înregistrate și evaluate utilizând analiza Pareto.
Procentul de produse cu defecte de suprafață din totalul defectelor este de 78,57%, pentru țesăturile din 35%/65%
poliester/bumbac reciclat și 69,09% pentru țesăturile din 35%/65% polyester/bumbac original. Procentul de produse de
calitatea a doua, la sfârșitul producției de îmbrăcăminte este de 4,9% pentru produsele din țesături din bumbac reciclat
și de 2,75% pentru țesăturile din bumbac original.

Cuvinte-cheie: țesătură reciclată, calitatea țesăturii, calitatea a doua, deșeuri, eficiența producției de îmbrăcăminte



to the defects of fabrics produced from recycled

fibers and their effect on the apparel manufacturing

are not sufficient.  

Defect formation during woven fabric production is

inevitable regardless of the raw material. In the stud-

ies which have been conducted in toweling fabric [19]

and apparel fabric [20, 21] weaving factories in order

for determination and statistical evaluation of fabric

defects, it was reported that 95% of problems which

occur due to fabric defects can be solved by means

of seven technical methods. These methods are flow

chart, check sheet, cause effect diagram, histogram,

scatter diagram, and control cards [22–23]. Woven

fabric defects are deviations, which occur regionally,

affect fabric appearance, change fabric structure and

cause special changes in regional limitation [24].

Fabric defects have been defined by Turkish

Standards Institute as “defects in fabrics which are

caused by the yarn, auxiliary material, labor, machin-

ery, equipment or working method, and can be seen

and evaluated with eye and impair fabric appear-

ance” [25]. 

In this study, it was aimed to determine and define

defects that can be encountered on fabrics in a fac-

tory, which produces shirting fabrics from yarns of

recycled cotton fibers and their blends (regenerated

yarns, as known in the industry). The most common

defects were investigated through Pareto analysis

among statistical process control methods.

Following, the efficiency of two fabrics made to order

were compared by investigating defective pieces

generated during sorting processes in apparel manu-

facturing and second-quality product amount formed

at the end of production.

MATERIAL and METHOD

Material 

The study has been carried out at a factory of yarn-

weaving (315 weaving machines) in Denizli (Turkey).

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,

trouser and clothing fabrics. In the study, white shirt-

ing fabrics (weft threads of 35/65% polyester/recy-

cled cotton and 35/65% polyester/original cotton)

produced for two women’s shirt orders were investi-

gated. The warp thread was 100-denier polyester

yarn for all fabrics which were woven with plain

weave repeat. The recycled yarns were produced

in the open-end spinning section of the mentioned
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factory. The recycled fibers were obtained from Uşak

province. The length of the polyester staple fiber is

38 mm. In woven fabrics, both weft and warp threads

influence the physical and mechanical properties of

the fabrics. In the industry, polyester fibers are pre-

ferred in blends for avoiding problems that can occur

due to recycled yarns. In this study, no changes have

been made in warp density and type. On the other

hand, only changes to weft threads were made. In

table 1, the density and weight values of fabrics that

were produced for orders are shown. 

Method

Woven raw fabrics were investigated manually by

using a light board. The controls were carried out on

the raw fabric. Pareto analysis, among statistical pro-

cess control methods, was used for statistical analy-

sis of defect numbers obtained from the fabric

inspection.  

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 hole/tear/burst, slub, bad selvedge,

knot, batch difference, and ripple effect.

All fabrics are received to the factory in two batches

and in white color. Shirts were cut and sewn in the

apparel supplier of the factory in Denizli. Apparel

manufacturing processes have been carried out and

then apparel manufacturing efficiency, and second

quality ratios were determined. 

FINDINGS AND DISCUSSION

Woven fabric defect numbers and Pareto

analysis

In table 2, the width, length and grams per square

information of fabrics produced for the orders are

shown. According to this, 9 rolls from the 35% PES –

65% r-Cotton fabric, and 8 rolls from the 35% PES –

65% Cotton fabric were investigated.  

In total, 2372 meters of 35% PES – 65% r-Cotton and

2360 meters of 35% PES and 65% Cotton fabrics

woven for orders were investigated and the obtained

FABRIC PROPERTIES

Order

number

Weft thread

raw material 

Weft thread

Ne

Density (thread/cm) Weight

(g/m2)

Roll

number

Total 

(m)Warp Weft

1 35% PES – 65% r-Cotton 20/1 30 25 100 9 2372

2 35% PES – 65% Cotton 20/1 30 25 100 8 2360

Table 1



fabric defects were recorded in inspection sheets.
The defects in the outermost 3 centimeters of fabric
width were ignored. In case there are more than one
defects in a running meter of the fabric, the defect
with the highest penalty points was recorded into the
control card. Pareto analysis, among statistical pro-
cess control methods, was used for the statistical

268industria textila 2020, vol. 71, no. 3˘

analysis of the defect numbers obtained from the fab-
ric inspection. 
The numbers of defects obtained from 35% – 65%
r-Cotton fabric rolls are given in table 3. Accordingly,
the total number of defects obtained from 9 rolls is 293.
The numbers of defects obtained from 35% – 65%
Cotton fabric rolls are given in table 4. Accordingly,

STRUCTURAL PROPERTIES OF THE INVESTIGATED FABRICS

35% PES – 65% r-Cotton fabrics

Fabric roll number 1 2 3 4 5 6 7 8 9

Fabric roll length (m) 347 248 150 222 373 286 276 175 295

Fabric roll width (cm) 159 160 161 159.5 160 160 161 160 160

Weight (g/m2) 103 110 109 105 101 100 102 109 105

35% PES – 65% Cotton fabrics

Fabric roll number 1 2 3 4 5 6 7 8

Fabric roll length (m) 228 293 305 345 380 253 246 310

Fabric roll width (cm) 160 159.5 160 160 159.5 160 160 161

Weight (g/m2) 102 100 103 101 101 100 109 104

Table 2

NUMBERS OF DEFECTS FOUND ON 35% PES – 65% R-COTTON FABRIC ROLLS

Defect name 1st roll 2nd roll 3rd roll 4th roll 5th roll 6th roll 7th roll 8th roll 9th roll

Full-width double wefts 5 3 2 2 4 2 6 1 3

Double wefts half-width or less 3 3 3 4 2 2 2 2

Full-width broken weft 1

Half-width broken weft 7 3 4 3 7 8 7 8 8

Stop mark 5 4 2 4 5 3 6 2 4

Fiber in color 3 1 4 3 1

Soiled-greased weft 2 3 5

Thin-thick weft 4 3 3 5 3

Excessive weft density 2

Broken warp 4 4 3 6 5 4 4 2 1

Excessive warp density 1 1 1 1

Tight-loose warp 2

Drawing-in defect 1 1

Lattice 1

Warp fiber in color 1

Soiled-greased warp 1 1 2 3 1 3

Thin thick warp 1

Double warps 1

Missing warp 1

Temple mark 1

Hole-tear-burst 1

Slub 1 4 6 1 4 1

Bad selvedge 1 3 1 4 4 4

Knot 3 1 1 1 3 1

Soil grease stain 2 3 2 1

Number of defects in the roll 33 24 19 33 55 30 42 30 27

Total defect number 293

Table 3



the total number of defects obtained from 8 rolls is
202.
In the defect report sheet, the defects are listed in
descending order in terms of their numbers, and
defect percentages and cumulative rates are given
as in table 5. 
Among the 25 woven fabric defects obtained from
35% – 65% r-Cotton fabric rolls, the Pareto diagram
shown in figure 1 has been arranged in order to
determine 80% of the defects based on data gath-
ered from table 5. In the conducted Pareto analysis,
it was seen that half-width broken weft (18.77%), stop
mark (11.95%), broken warp (11.26%), full-width weft
(8.42%), double wefts half width or less (7.17%),
thin-thick weft (6.14%), slub (5.80%), bad selvedge
(5.80%), fiber in color (4.10%) which take the highest
9 ranks constitute 80.55% of all defects. 
Among the 25 woven fabric defects obtained from
35% PES – 65% Cotton fabric rolls, the Pareto dia-
gram shown in figure 2 has been arranged in order to
determine 80% of the defects based on data gath-
ered from table 5. In the conducted Pareto analysis,
it was seen that broken warp (13.86%), stop mark
(12.87%), slub (10.40%), double wefts half-width or
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less (8.91%), full-width double wefts (8.42%), bad
selvedge (7.92%), half-width broken weft (5.94%),
soiled greased warp (5.45%), knot (4.95%) which
take the highest 9 ranks constitute 78.71% of all
defects. 
For the two fabric groups, if the first nine of twenty-
five defect types can be avoided, it may be possible
to decrease wastage amount by 80%.
When table 5, figures 1 and 2 are investigated, it will
be seen that the rankings of defect types are different
in 35% PES – 65% r-Cotton and 35% – 65% Cotton
fabrics. The half-width broken weft defect, which
ranks the first and constitutes 18.77% of all defects in
the 35%PES – 65% r-Cotton fabric occurred due to
the production method of the recycled cotton thread
or fiber content. In the original fabrics, half-width bro-
ken weft defect descends to the seventh rank with a
percent of 5.94%. It is thought that the strength of
weft threads decreases due to the fiber quality in the
recycled yarns and this leads to weft breaks. Ersoy
and Şenol reported in their study, related to yarn pro-
duction from recycled fibers, that variations in mass
per unit length increases based on yarn formation
at high rotor speed and; hence, unevenness value

NUMBERS OF DEFECTS FOUND ON 35% PES – 65% COTTON FABRIC ROLLS

Defect name 1st roll 2nd roll 3rd roll 4th roll 5th roll 6th roll 7th roll 8th roll

Full-width double wefts 1 1 2 2 3 5 1 2

Double wefts half-width or less 2 2 3 4 2 2 3

Full-width broken weft 1 1

Half-width broken weft 1 2 1 1 1 1 3 2

Stop mark 4 4 2 4 5 3 2 2

Fiber in color

Soiled-greased weft 3 1 2

Thin-thick weft 1 3 2 3

Excessive weft density 1

Broken warp 4 2 1 8 5 4 1 3

Excessive warp density 1 1 1 1 1

Tight-loose warp 2

Drawing-in defect 1 1

Lattice 1

Warp fiber in color 1

Soiled-greased warp 1 2 4 3 1

Thin thick warp 1

Double warps 1

Missing warp 1

Temple mark 1

Hole-tear-burst 1

Slub 1 2 1 5 7 1 4

Bad selvedge 3 4 4 1 4

Knot 1 1 3 1 1 3

Soil grease stain 2 1 1 3 2

Number of defects in the roll 19 21 19 36 41 25 24 17

Total defect number 202

Table 4



increases. Cotton fibers are shorter than polyester

fibers. Moreover, in a group of cotton fibers, fibers of

different lengths and thicknesses are present. When

this situation is taken into consideration, the uneven-

ness of a thread increases with increment in its cot-

ton content [26]. Thus, specifical defects present on

recycled fabrics are half-width broken weft, thin thick

weft and fiber in color defects. 

Whereas half-width broken defect and thin thick weft

defects are caused by yarn unevenness, another

special defect found in recycled fabrics is fiber in

color. In the first production step of recycled yarn

manufacturing which is waste sorting, separation of
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colored fabric pieces and mixing of colored fibers

during sorting are considered to be the reason for this

defect. 

The stop mark (11.95%), broken warp (11.26%), full-

width double wefts (8.42%), slub (5.80%), bad

selvedge (5.80%) defects found on 35% PES – 65%

r-Cotton fabrics are considered as mechanical and

labor defects [25]. Consequently, these are defects

not related to the production and quality of the recy-

cled yarns but are defects that occur during weaving.

The defects, which have been commonly encoun-

tered within the scope of this study, are given in fig-

ure 3. 

DISTRIBUTION OF DEFECTS IN THE FABRICS

Defect

order

35% PES – 65% r-Cotton fabrics 35% PES – 65% Cotton fabrics

Defect

name

Number

of defect

Defect

percent

Cumulative

percent

Defect

name

Number

of defect

Defect

percent

Cumulative

percent

1
Half-width broken
weft

55 18.77 18.77 Broken warp 28 13.86 13.86

2 Stop mark 35 11.95 30.72 Stop mark 26 12.87 26.73

3 Broken warp 33 11.26 41.98 Slub 21 10.40 37.13

4
Full-width double
wefts

28 9.56 51.54
Double wefts 
half-width or less

18 8.91 46.04

5
Double weft half
width or less

21 7.17 58.7
Full-width double
wefts

17 8.42 54.46

6 Thin thick weft 18 6.14 64.85 Bad selvedge 16 7.92 62.38

7 Slub 17 5.8 70.65
Half-width broken
weft

12 5.94 68.32

8 Bad selvedge 17 5.8 76.45
Soiled-greased
warp

11 5.45 73.76

9 Fiber in color 12 4.1 80.55 Knot 10 4.95 78.71

10
Soiled greased
warp

11 3.75 84.3 Thin thick weft 9 4.46 83.17

11
Soiled greased
weft

10 3.41 87.71 Soil grease stain 9 4.46 87.62

12 Knot 10 3.41 91.13
Soiled greased
weft

6 2.97 90.59

13 Soil grease stain 8 2.73 93.86
Excessive warp
density

5 2.48 93.07

14
Excessive warp
density

4 1.37 95.22
Full-width broken
weft

2 0.99 94.06

15
Excessive weft
density

2 0.68 95.9 Loose-tight warp 2 0.99 95.05

16 Thin thick warp 2 0.68 96.59 Drawing-in defect 2 0.99 96.04

17 Drawing-in defect 2 0.68 97.27
Excessive weft
density

1 0.50 96.53

18 Lattice 1 0.34 97.61 Lattice 1 0.50 97.03

19 Warp fiber in color 1 0.34 97.95 Warp fiber in color 1 0.50 97.52

20 Thin thick warp 1 0.34 98.29 Thin thick warp 1 0.50 98.02

21 Double warps 1 0.34 98.63 Double warps 1 0.50 98.51

22 Missing warp 1 0.34 98.98 Missing warp 1 0.50 99.01

23 Temple mark 1 0.34 99.32 Temple mark 1 0.50 99.50

24 Hole-tear-burst 1 0.34 99.66 Hole-tear-burst 1 0.50 100.00

25
Full-width broken
weft

1 0.34 100 Fiber in color 0 0.00 100.00

Table 5
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Fig. 1. Pareto diagram showing defect amounts found on 35% PES-65% r-Cotton fabrics

Fig. 2. Pareto diagram showing defect amounts found on 35% PES-65% Cotton fabrics

Fig. 3. Fabric defects commonly encountered within the scope of this study: a – stop mark;
b – broken warp; c – slub

a                                                      b                                                     c



Apparel manufacturing processes and
percentage of second quality products

In total, 17 fabric rolls were sent to the cutting depart-
ment were spread and cut. The marker efficiency val-
ues are given in table 6. The marker includes each
one from four different sizes (36, 38, 40, 42). Each
spread included 100 plies. 5 spreads were laid for
53% PES – 65% r-Cotton and 5 for 35% PES – 65%
Cotton fabrics. Thus, total 10 spreads were laid.
When the fabric roll ends, or when a fabric defect
has to be cut out, splicing should be carried out to
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CUTTING AND SPREADING INFORMATION OF THE ORDER

Fabric type
Total
fabric

(m)

Planned
amount

to be cut

Number
of rolls

Number
of

spreads

Assort-
ment 

CAD Efficiency
(%)

Unit
assortment
length (m)

35% PES–65%
r-Cotton fabrics 

2372 2000 9 5 4 84.6 83.4 84.8 81.4 82.3 1.15

35% PES–65%
Cotton fabrics

2360 2000 8 5 4 83.8 81.9 84.5 82.1 81.8

Table 6

REALIZED ORDER INFORMATION

Fabric type
Total fabric

length
(m)

Planned
amount

to be cut

Splicing
number

First quality
(number)

Second
quality

(number)

Second quality
percentage in the

order (%)

35% PES–65% r-Cotton fabric 2372 2000 43 1902 98 4.9

35% PES–65% Cotton fabric 2360 2000 29 1945 55 2.75

Table 7

THE DEFECTIVE PRODUCT DISTRIBUTION IN THE ORDER

Fabric type

Cutting/      
measurement

defects
(number)

Dyeing/
printing
defect

(number) 

Sewing
defect

(number)

Weaving/
surface
defect

(number)

Others
Second
quality

(number)

Second quality
rate based on
weaving (%)

35% PES–65% 
r-Cotton fabric 

13 4 1 77 3 98 78.57

35% PES–65% 
Cotton fabric

11 3 2 38 1 55 69.09

Table 8

avoid incomplete fabric pieces. For 35% PES – 65%
r-Cotton and 35% PES, 65% Cotton fabrics 43 and
29 splicing actions were carried out respectively. For
each splicing, the overlapping fabric length was
between 20 and 60 cm. Once spreading and cutting
oprations have been completed, the enumerated
product pieces were bundled, labeled and dispatched
to the sewing room. After the sewing processes,
100% product quality inspection was carried out and
the first and second quality items were separated. 
In table 7, the first and second quality ratios obtained
at the end of production are given. According to this,
the second quality product ratio for 35% PES – 65%
r-Cotton and 35% PES – 65% r-Cotton fabrics are

CONCLUSIONS 

This study has been conducted in order to define and
determine defects encountered in weaving and
apparel production processes of fabrics manufac-
tured from recycled yarns and equivalent original
yarns. 
After weaving, 293 defects have been reported in
2372 meters of fabric produced by using 35% PES –
65% r-cotton yarn in weft and 202 defects have been
reported in 2360 meters of fabric produced by using
35% PES – 65% cotton yarn in weft. After the pro-
duction, it was seen that the ranking of defect types
shows difference between 35% PES – 65% r-Cotton
and 65% Cotton fabrics. By use of Pareto analysis

4.9% and 2.75%, respectively. The difference
between them is 2.15%.  
After the production, the distributions of defects for
the second quality products with irreparable defects
are shown in table 8. These defects include cutting
–measurement defects, dyeing-printing defects,
sewing defects, thread-weaving defects and other
defects. According to Table 8, the rates of weaving/
surface defective product in all defects are 78.57%
and 69.09% for the 35% PES – 65% r-Cotton and
35% PES – 65% Cotton fabrics, respectively.  
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technique, a number of defect types have been
arranged in terms of their prominence. By this
means, the most important fabric defects in recycled
fabrics have been determined. The specific defect
types confronted in recycled fabrics have been
observed as half-width broken weft defect, thin-thick
weft defect and fiber in color defect. It is not possible
to avoid all fabric defects found during woven fabric
quality inspection. However, it is necessary to care-
fully plan arrangements and developments related to
recycled yarn manufacturing which is the first step of
production in order to take the process under control
and to attain required product quality. It is impossible
to avoid all undesired fabric defects in the final prod-
uct before their occurrence. However, via reduction
of defective production, the require product quality
can be achieved and operating costs can be sub-
stantially decreased.     
At the end of apparel production, the fabric/surface
defective product rates in all defects for 35% PES –
65% r-Cotton and 35% PES – 65% Cotton fabrics
were 78.57% and 69.09%, respectively. The fabric/
surface defective product increase in shirts produced
from 35% PES – 65% r-Cotton fabrics was 9.48%. At
the end of the production, percentage of the second
quality products for 35% PES – 65% r-Cotton and
35% PES – 65% Cotton fabrics were 4.9% and

2.75%, respectively. When the two fabrics produced
at the same construction, under the same conditions
and in the same factory, are compared, it can be said
that the difference stems from recycled threads.
However, when the positive environmental contribu-
tions and economical advantages of recycled yarns
are taken into consideration, this difference should be
ignored. 
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.
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.
It is suggested that determination of various mechan-
ical and physical properties of fabrics produced from
recycled yarns of different fiber blends and blend
ratios and improvement of these properties can be
the subject of future research.
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INTRODUCTION

Fast fashion is changing traditional rules of fashion
market and customers are demanding quick changes
of wide diversity of styles produced in smaller quanti-
ties [1]. The use of different patterning of the materi-
al is one option to follow customers’ demands. The
same jacket can look visually very different produced
from plain material, striped or checked material [2].
Garment industry should use more materials with
intricate patterns to increase diversity of garment col-
lections. To ensure it, material utilization of styles
from intricate pattern fabrics should be improved with
it reducing fabric and final product costs.        
In garment manufacturing it is well known fact that
design of garment styles are always more or less
dependent on several factors which influence product

costs: efficiency of production process and material
costs – fabric consumption and its price. As fabric
costs in garment manufacturing account more than
half (50–70%) of the total product costs, designers
have to create styles which are efficient in materials
use. Because of this reason not often in garment col-
lections are included styles with increase material
consumption, such as, wide and long skirts (sun cut
skirts), obliquely cut skirts/dresses (figure 1) also dif-
ferent styles from striped or checked materials.      
The use of CAD/CAM systems in garment industry
has greatly optimized material utilization of plain fab-
rics. The industry is using different management soft-
ware which organize and plan all work processes
starting from style designing till sell of ready goods.
During the last two decades it is supplemented with
new parts [1]. Specialized software which can screen
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Reduction of material consumption for garments from checked fabrics

The use of CAD/CAM systems have greatly optimized material utilization of garment styles from plain fabrics.
Processing of intricate pattern materials is still work and material consuming. Increased material consumption is
obtained because of two reasons: necessity to match pattern on ready garments and unfixed textile material structure.
The fabric loss related to the pattern matching necessity is the most difficult to reduce. A style of classical women jacket
was tested to compare efficiency of plain and checked fabric markers for sizes 36 –54. It was determined that marker
length is dependent on the conformity of the size of the checked fabric repeat and the length of the longest components
placed in a sectioned marker. Reducing the length of the style slightly it was possible to reduce marker length
considerably for certain size markers. Marker length, fabric consumption and, with it, product costs can be reduced
conforming the length of the style to the size of the checked fabric repeat. Length tolerance – acceptable slight variations
of the length of the style which does not change design and visual perception of the style should be determined by
designers. Specialized software could be developed to vary the length of the style in the interval of length tolerance to
reduce fabric consumption and with it product costs of certain production orders. Improving manufacturing efficiency and
reducing fabric use, the styles from checked materials could be included in garment collections more often.

Keywords: checked fabrics, pattern matching, marker length, cutting room management systems, automated cutting  

Reducerea consumului de material pentru îmbrăcămintea realizată din țesături în carouri

Sistemele CAD/CAM au optimizat foarte mult utilizarea materialelor pentru producția de îmbrăcăminte. Totuși, utilizarea
țesăturilor cu modele complexe conduce la consum mare de material. Consumul crescut de materiale este obținut din
două motive: necesitatea de a potrivi modelul țesăturii și structura flexibilă a materialului textil. Pierderea de material
cauzată de necesitatea de potrivire a modelului țesăturii este cel mai dificil de redus. S-a selectat un sacou clasic pentru
femei, pentru a compara eficiența încadrărilor țesăturilor simple și a celor în carouri pentru mărimile 36 –54. S-a
observant că lungimea încadrării depinde de dimenisunea constantă a carourilor și de lungimea reperelor dintr-o
încadrare secționată. Reducând lungimea produsului a fost posibilă reducerea considerabilă a lungimii încadrării pentru
anumite mărimi. Lungimea încadrării, consumul de material și, odată cu aceasta, costurile produselor pot fi reduse în
funcție de lungimea produsului și dimensiunea carourilor. Toleranța la lungime – variații acceptabile ale lungimii
produsului care nu schimbă designul și percepția vizuală ar trebui să fie indicate de designeri. Un software specializat
ar putea fi dezvoltat pentru a varia lungimea produsului în intervalul de toleranță, pentru a reduce consumul de material
și, odată cu acesta, costurile produsului pentru anumite comenzi de producție. Îmbunătățind eficiența producției și
reducând utilizarea materialelor, țesăturile în carouri ar putea fi incluse mai des în colecțiile de îmbrăcăminte.

Cuvinte-cheie: țesături în carouri, potrivirea modelului, lungimea încadrării, sisteme de management a secției de croire,
croire automată
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different nesting variants for the same order in a

minute and choose the one with the highest fabric uti-

lization level are used to reduce total fabric con-

sumption of the order and with it also product costs

[3–4]. Cut planning and scheduling improvements

[5–9], as well as, possibilities to reduce fabric loss

[10–11] are described in several latest papers.

However, the innovations mostly improve plain fabric

processing. Nesting and cutting problems of styles

from intricate pattern materials are rarely researched

and discussed in published sources. 1st and 2nd edi-

tion of “Industrial cutting of textile materials” [12–13]

are the only books describing manual, semi and fully

automated cutting methods for intricate pattern fabrics. 

THE REASONS OF INCREASED FABRIC

CONSUMPTION 

Processing garment styles from checked fabrics,

increased material consumption comparing with plain

materials is obtained because of two reasons: neces-

sity to match pattern in all produced garments and

unfixed textile material structure. Problems arising

from movable fabric structure can be solved in more

or less effective way depending on cutting method

used: manual, semi or fully automated [14–15]. The

most advanced technologies offer continues single-

ply automated cutting when shapes of the pattern

pieces in the markers are changed in accordance

with imperfect fabric structure (and with it imperfect

pattern) advanced on the cutting surface (Mosaic by

Lectra, AutoMatch by Gerber, Multi-array scanner

(MAS) system by Bullmer, VisionCut by Gemini and

Match++ by Optitex, VisionPRO by Eastman) [15].

Using the fully automated single-ply processing

method, material cutting process becomes fully inde-

pendent on distortions of the fabric structure/pattern

during cutting process. 

The fabric loss related to the pattern matching neces-

sity is the most problematical and the most difficult to

reduce. In creating markers for styles from checked

fabrics, pattern pieces are placed directly on the fab-

ric (using manual cutting) or on the image of the fab-

ric pattern. Matched fabric pattern in the ready gar-

ment has to be obtained in both directions (vertical

and horizontal) and fabric pattern has to be symmet-

rical in all symmetrical components. To fulfill these

conditions some areas of the fabric often are left

unused. Besides, to ensure the same coordinated

pattern in all garments produced, the start of the

marker always must be at the same position of the

repeat of the fabric pattern. Very often because of

this last demand the certain part of the material in all

its widths has to be cut off and wasted (figure 2). In

critical situation this amount of fabric can be very

close to full size of one pattern repeat (figure 3). The

larger is the repeat, the larger can be fabric loss

[16–17].   

FIRST EXPERIMENT

The experiment was performed to estimate the fac-

tors that affect fabric utilization matching fabric pat-

tern of styles from checked fabrics. 5 styles of classi-

cal women jacket were chosen. Although the styles

had similar design, they differed in: length, a body

part division principles (configuration and size of a

front and a back side parts), a collar, pockets. Markers

were created by software Mosaic (Lectra) for 10 their

sizes: 36 – 54 on both – plain and checked material.

Total amount of tested markers – 100 (50 for plain

fabric and 50 for checked fabric). 

Fabrics used in the experiment

The plain and checked fabric with the same width

152 cm was chosen (a marker width 148 cm). The

checked fabric had symmetrical checks with a repeat

5.5 × 5.5 cm2 (figure 3, b).

Marker making 

In making markers manually or in semi-automated

way from both plain and checked fabrics, the pattern

pieces of a jacket are traditionally grouped in sec-

tions to ease further cutting process (for plain and

checked fabrics) and to ensure coordination of pat-

tern on the cut components (for checked materials)

[18]. Only advanced fully automated single-ply cutting
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Fig. 1. Skirt with increased fabric consumption because

of necessity to match fabric pattern

Fig. 2. Extension of marker length to match the pattern

in between all garments produced



method can use more efficient conventional markers

where pattern pieces are not grouped in separate

sections [15]. However, till now single-ply cutting

[19–20] in mass production of garments is used

rarely. It is fully new processing method which has to

be supported with automated single-low ply cutters

which are not yet typical for garment manufacturers.

Because of dominate used of sectioned markers pro-

ducing jackets, it was decided to use them also for

experiment.   

Markers on plain fabric

Pattern pieces of all sizes were laid in separate

groups to create two sections:

• The first section – placed body components of the

jacket: backs, back sides, front and front sides.

• The second section – placed upper sleeves, under

sleeves and facings.

All other smaller size pattern pieces were placed in

available free areas in the first or second section. If

all body components could not be placed in the first

section, one or two pattern pieces of the side compo-

nents were moved to the second section (mostly for
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sizes up to 46, figure 4, a and 5, a). Analyzing

obtained markers for the plain fabric, it was found

that marker length was dependent on the shape and

size of the components and their mutual placement in

the marker. Average marker efficiency for all 10 test-

ed sizes of 5 styles was 73.9%. 

Plain fabric marker length and marker efficiency for

all 10 tested sizes of the style 3 (figure 3, c) are

showed in the table 1. The same style will be tested

also in the 2nd experiment.

Markers on checked fabric

To ensure precise pattern coordination in all cut com-

ponents two different actions had to be performed by

making sectioned markers on checked material:    

• pattern pieces had to be placed on the fabric in cer-

tain way to coordinate horizontal and vertical lines

of the fabric on the cut components and to ensure

symmetry of the pattern on symmetrical compo-

nents;

• certain fabric allowances had to be added around

pattern pieces to support further manual or semi-

automated cutting of components [14, 17–18].

PLAIN FABRIC MARKER LENGTH AND MARKER EFFICIENCY

Size
Marker length (cm) Marker length difference Marker efficiency (%) Marker efficiency

difference (%)Plain Checked cm % Plain Checked

36 152 165 13 7.8 74.3 69.8 6.0

38 157 170.5 13.5 7.9 74.8 69.9 6.5

40 167.2 181.5 14.3 7.8 75.3 69.3 7.9

42 171.2 187 15,.8 8.4 74.4 68.2 8.3

44 182 198 16 8.0 74.6 66.1 8.5

46 185.2 203.5 18.3 9.0 74.3 65.3 12.1

48 195.2 214.4 19.2 8.9 74.8 65.6 12.2

50 203.9 225.7 21.8 9.6 74.6 66.3 11.1

52 209.4 232.1 22.7 9.7 74.1 66.0 10.9

54 212.2 236.5
24.3 10.3 74.0 66.8 9.7

0 8.7 74.5 67.3 9.6

Table 1

Fig. 3. The length of one section extended to the full number of fabric repeats:  

a – x fabric loss, b – fabric repeat; c – style of jacket used in the 1st and the 2nd experiment

a                                                      b                                              c



The largest, most important pattern pieces – both
back components and both front components – were
placed in the marker next to each other to ensure
symmetrical placement of vertical lines in their
pattern (figure 3, a, 4, b and 5, b). All other body pat-
tern pieces (back sides, front sides) were placed next
to their main components or in some other free
spaces in the markers aligning their pattern in hori-
zontal and vertical directions. The described actions
did not change the placement of the pattern pieces
as similar placement of body pieces were used also
in plain fabric markers. 
Fabric allowances were added on side edges of sym-
metrical front and back components placed with their
inner edges together. For other components, the fab-
ric allowances were added on one of their sides. A
fabric allowance, one repeat wide, was added also to
the small components (flaps of pockets, welts, oth-
ers) to coordinate their pattern later with the checks

of their main components. The described actions
influenced placement of the pattern pieces in width of
the fabric:  
• the number of pattern pieces placed in one section

reduced or it was necessary to replace some pat-
tern pieces with smaller ones in the section for the
most part of tested markers (figure 5, b);

• comparatively large areas of the fabric appeared
which had to be left unused (figure 3, b and 4, b).

The length of minimum one section of the marker
was determined by the projectional length of longest
components placed in the sections – a back, a front
or a facing (figure 3, a). The length of the sections was
also depended on a repeat of the fabric. To ensure
coordinated pattern in all garments cut from more
than one fabric ply, the length of the marker had to be
extended to full length of “n” fabric repeats (checks)
(figure 2). This additional action increased the length
of the markers, and with it, reduced fabric utilization. 
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Fig. 5. Markers of the size 54 for: a – plain fabric; b – checked fabric

a                                                                                      b

Fig. 4. Markers of the size 44 for: a – plain fabric; b – checked fabric

a                                                                         b



Necessity to coordinate checked pattern and the use
of additional fabric allowances changed the place-
ment of pattern pieces in the checked fabric markers
and, comparing with plain fabric markers, increased
their length. The marker length for checked material
of all 5 tested styles increased in average for 8.2%.
The marker efficiency for checked material of all 5
tested styles reduced in average for 10.2%. 
Checked fabric marker length and marker efficiency
for all 10 tested sizes of the style 3 (figure 3, c), (this
style will be tested also in the 2nd experiment, see
below) are showed in the table 1.
The results of the 1st experiment showed that the
length of a sectioned marker (material use) is more
influenced by the length of the longest pattern pieces
determining the length of separate sections and the
size of a fabric repeat and less influenced by mutual
placement of the pattern pieces in the markers. It was
also seen that there is no certain correlation between
the size of the style/ pattern pieces and marker effi-
ciency (fabric utilization). The number of other
parameters and their mutual combinations (mutual
placement of pattern pieces in the marker) influences
marker efficiency and fabric utilization level. They
are:
1. for plain fabric – the width of the fabric and the

dimensions, shape, number of the pattern pieces;
2. for checked fabric – the width of the fabric, size of

the repeat, kind of the repeat/ pattern (symmetri-
cal, asymmetrical), the dimensions, shape, num-
ber of the pattern pieces and pattern matching
requests.

SECOND EXPERIMENT

Performing the 1st experiment it was noticed that in
few markers created for checked fabric (12 markers
from 50) the length of a section (with it also the length
the marker) had to be extended almost for whole size
of the checked fabric repeat as the longest compo-
nent exceeded previous repeat of the fabric for very
small value – only 1–2 cm. For example, for the size
44 of the styles 3 (figure 3, c): the length of first sec-
tion (determined by the length of the front/back) had
to be extended from 78.6 cm to 82.5 cm  –  to get full
15 repeats of the fabric. Thus, the marker length

extended for 3.9 cm. To coordinate pattern in
between fabrics plies this amount of fabric will be cut
off and wasted (figure 3, a). Producing this size jack-
et in large qualities fabric loss could be serious.
To try to avoid above described critical fabric loss it
was decided to make the 2nd experiment. It was
decided to change slightly the length of the longest
components and with it – the length of the style, and
to improve fabric utilization. The jacket of the style 3
which had the critical fabric loss in the 1st experiment
was chosen for the 2nd experiment (figure 3, c). The
original length of the jacket (2 cm above hip level)
allowed to make needed changes not influencing
visual perception and design of the style. 
The length of the jacket was reduced for 1.6 cm. The
needed changes were performed for all components
of all tested sizes and new sectional markers were
created. It was seen that reducing the length of the
jacket for 1.6 cm:
• for sizes 38 and 44 the marker length reduced (for

5.5.cm – one fabric repeat) and marker efficiency
increased (size 38 from 66.1% to 69.3%, for size 44
from 66.1% to 68.4%).

• for all other sizes marker the length of the markers
did not change, but the marker efficiency reduced
(table 2).

The results of the 2nd experiment show that it is pos-
sible to reduce sectioned marker length and with it
fabric use reducing slightly the length of the style.
Although for the 5 markers from 7 tested the length
did not change but fabric utilization reduced, final
positive effect – reduction of total fabric consumption
– could be obtained developing certain production
orders. The orders for garment sizes from “critical
loss markers” are larger, the larger fabric savings can
be obtained from slight reduction of the length of the
style, the lower product costs for the ready goods.

DISCUSSIONS

The experiments proved that it is possible reduce
total fabric consumption of certain manufacturing
orders reducing fabric loss which appears because of
necessity to match fabric pattern on ready garments.
Marker length, with it fabric consumption, can be
reduced conforming the length of the style with the
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CHECKED FABRIC MARKER LENGTH AND MARKER EFFICIENCY

Size

Original length jacket Reduced length jacket Reduction of
marker length

(cm)

Marker efficiency (%)

Marker
length (cm)

Full fabric
repeats

Marker
length (cm)

Full fabric
repeats

Original
length jacket 

Reduced
length jacket

36 165 30 165 30 0 69.8 68.9

38 170.5 31 165 30 –5.5 66.1 69.3

40 181.5 33 181.5 33 0 68.6 66.8

42 187 34 187 34 0 68.5 64.3

44 198 36 192.5 35 –5.5 66.1 68.4

46 203.5 37 203.5 37 0 66.3 65.2

48 214.4 39 214.4 39 0 65.8 65.3

Table 2



fabric pattern repeat. Obviously the larger is the fab-

ric repeat the larger fabric loss can appear and, and

the same time, less possibilities exist to reduce fabric

consumption correcting the length of the style. 

Length tolerance – acceptable slight variations of the

length of the style. It could be used for styles whose

design and visual perception cannot be changed

reducing their length in the interval of the length tol-

erance. The length tolerance has to be determined

by the designer for the every certain style. The length

tolerance could be used for different kind of garments

– skirts, dresses, jackets, coats. It can be larger for

longer styles and smaller or even unacceptable for

short styles where length of the style is strictly deter-

mined by its proportions or completation with other

styles.     

Reduction of fabric consumption and with it total

product costs by help of slight variations of the length

of the style can be effective using semi-automated

cutting methods and marker making software for pat-

terned fabrics, such as, Mosaic by Lectra, Visual

Nest by Morgan Tecnica, Match It by Bullmer, In

Vision by Gerber, supplementing them with new parts

[14–15]. Specialized cut planning software which

screens different nesting variants for the same order

and choose the one with the highest fabric utilization

level is already developed and used by industry for

plain fabrics [3, 4]. Similar principle could be used

developing new software to detect “critical loss mark-

ers” and their importance in certain production orders

(depending on ordered quantities) for checked fabric

styles. Work steps could be following: 

• the user of the software inserts the length tolerance

for the certain style – value (in cm/mm) by which

the length of the style could be reduced to reduce

total fabric composition of the order.

• in semi or fully automated way markers are created

for all necessary sizes of the order;

• software detects critical marker/markers – markers

where the longest component in the section

exceeds the end of the fabric report only up to

length tolerance;

• software calculates how large could be total fabric

loss for whole order because of the “critical mark-

ers” taking into account number of garments

ordered from the “critical markers”;

• software calculates total fabric consumption and

compares it with fabric loss obtained from “critical

markers”;   

• software changes the length of the components of

the style for necessary value (cm/mm) to improve

efficiency of the “critical markers”; 

• software creates new markers for all sizes of the

order;

• software calculates total fabric consumption for the

order and compares it with the original variant. 

Above described work principle is only general. After

necessary software is developed it has to be checked

with new experiments and improved in detailed way.  

CONCLUSIONS

In this paper the marker making of garment styles

from checked fabrics was analyzed to reduce the fab-

ric consumption for certain production orders from

checked materials. The main reasons of increased

fabric losses comparing with plain fabrics were deter-

mined. It was tried to find possibilities to reduce fab-

ric consumption conforming the length of a style to

efficient fabric use in sectioned markers. As the result

of two performed experiments following conclusions

were made:

1. The length of the sectioned marker is dependent

on the shape and dimensions of the components,

size of the fabric pattern repeat and the length of

the longest components – the length of the style –

included in the marker.

2. Marker length, fabric consumption and, with it,

product costs can be reduced conforming the

length of the style with the size of the checked fab-

ric repeat.

3. Designing styles from checked fabrics should be

determined length tolerance – the interval in which

the length of the style can be reduced not affecting

its design and visual perception.

4. Using appropriate software the length tolerance

could be used to reduce fabric consumption for

certain manufacturing orders in efficient way.

5. Improving manufacturing efficiency and reducing

fabric use, the styles from checked materials could

be included in garment collections more often.

They could help to raise diversity of garment col-

lections demanded by market in efficient way.
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INTRODUCTION 

As one of the four great fabric dyeing (tie dye, clamp
resist dye, wax resist dye and ash resist dye) in
China, batik was a highlight in the Central Plains
region during the period of the Sui and Tang dynas-
ties. However, batik disappeared in the Central
Plain areas after the Song dynasty and there are
some historical relics only in south-western ethnic
areas today. 
Therefore, exploring the problem of the origins and
spread of Chinese batik technique plays a very
important role in study on essence of extinction of
batik in the Central Plains region. The author
states that types of origin of Chinese batik technique
should be first analysed. Then the division of devel-
opment stages of it should be carried out. On this
basis, the cause of extinction of batik can be summed
up in the end.

ORIGIN OF CHINESE BATIK TECHNIQUE 

The origin of Chinese batik has no background of its
origin in spinning and dyeing. The author views the
origin of Chinese batik technique can be divided into
two types: external afference and internal self-gener-
ating.

The type of external afference

The theory of the external afference refers to opinion
that Chinese batik technique was obtained from com-
munication with the outside world rather than origi-
nated from China. British scholar L.W.C. Miles holds
that fabrics with batiks appeared in 1500 B.C. Having
studied on the pattern of the Ishtar batik fabric (figure
1) unearthed in Xinjiang, Zhao Feng concluded that it
has obvious characteristics of Indian culture. It can
be deduced from the conclusion that Chinese batik
technique originated from India [1]. Lei Guiuan and
Forrest assume that it originated from Java and orig-
inal timeline is now difficult to identify [2].
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Study on the origin and evolution of the Chinese batik

The origin and spread of the Chinese batik have always been a controversial issue in the field of Chinese dyeing and
waving historiography. The systemic analysis was carried out by the methods of textile archaeology and literature
research in this paper. Conclusions have been made as follows: there were two models in the origin of Chinese batik.
One, such as the Central Plains area, was the type of external afference. Another model, such as the south-western
ethnic areas, was the type of generating from the inside of the area. The transmutation of batik in Central Plain areas
have passed through three stages: introduction from the Eastern Han Dynasty to the Northern and Southern Dynasties,
mass acceptance during the Sui Dynasty, Tang Dynasty and Five Dynasties, obsolescence during the Two Song
Dynasties. From the perspectives of the reason, the rapid disappearance of batik in the Central Plains areas were
caused by the special internal and external environment and the development trend of dyeing technology of the Song
Dynasty.

Keywords: batik, origin, transmission, ash resist dye, clamp resist dye

Studiu privind originea și evoluția tehnicii batik în China

Originea și răspândirea tehnicii batik au reprezentat întotdeauna o problemă controversată în domeniul istoriografiei
vopsirii și țeserii din China. Analiza sistemică din această lucrare a fost realizată prin metodele de arheologie textilă și
cercetare în literatura de specialitate. Concluziile au fost următoarele: la originea tehnicii batik din China au existat două
modele. Unul provine din zona Câmpiei Centrale, reprezentând tipul extern. Un alt model provine din zonele etnice din
sud-vest, reprezentând tipul care a fost generat din interiorul zonei. Transmutarea tehnicii batik în zonele Câmpiei
Centrale a trecut prin trei etape: introducere din dinastia Han din est în dinastiile din nord și sud, acceptarea în masă în
timpul dinastiei Sui, dinastiei Tang și în timpul celor cinci dinastii, ieșirea din uz în timpul celor două dinastii Song. Din
perspectivele motivului dispariției acestei tehnici, aceasta a avut loc rapid în zonele Câmpiei Centrale din cauza mediului
intern și extern și a tendinței de dezvoltare a tehnologiei de vopsire a dinastiei Song.

Cuvinte-cheie: batik, origine, transmitere, colorant rezistent din cenușă



The theory of the external afference can be divided
into two types: spread from western or southern. The
theory of spreading from western refers to the batik
technique originated from Egypt and spreads to India
with the period of Hellenism opened up by
Alexander’s eastward expedition of the Macedonia
Kingdom. Gandhara was produced from blending of
Greek civilization and Indian civilization. The batik
technique came from the western parts into the mid-
dle parts of China by means of Gandhara culture.
However, the theory of spreading from southern
refers to the batik technique being introduced into the
southwest frontiers of China from Java, and then
spread to the Central Plains.

The type of internal self-generating

The theory of Internal self-generating of Chinese
batik technique refers to the batik technique an
endemic textile technology that originated from China
without parochial technical support from outside.
Chen Weiji holds that origin of Chinese batik can be
dated back to southwestern ethnic areas in the Qin
and Han Dynasties. People began to use beeswax,
insect wax and oleoresin for wax printing in this area
at that time [3]. The batik technique gradually spread
to the Central Plains with Tu-gong and communica-
tion of cultural trade [4]. The author considers that the
theory of internal self-generating of Chinese batik
technique actually refers to the batik technique an
ancient endemic textile technology in different areas
of southwest, which developed independently without
communication with other regions, it has adapted to
the local environment (natural environment and
social environment).
All the analysis shows that external afference and
internal self-generation are two viewpoints about the
issue of the origin of the Chinese batik and are being
debated endlessly. Nevertheless, Han nationalities
and minority culture are two dimensions that should
be considered while exploring the origin of Chinese
batik. On the one hand, seeing from Han nationali-
ties angle, the author hold feels the batik obviously
originated from the Indian civilization. Ishtar batik fab-
ric unearthed in Xinjiang is a physical evidence. On
the other hand, from the Chinese minority angle, the
batik originated from the inside of the China. The rea-
sons are as follows.
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All versions of Song of wax printing, the ancient song
of Miao ethnics, show the batik was invented and cre-
ated by native girls. Second, legend of Miao nation-
ality tells that Chi You, an ancestor of Miao, was
defeated and turned into the maple when he died.
Miao People apply the maple-leaf juice on their ban-
ners and clothes to memorialize Chi You. Thus the
secret of resist dyeing had been discovered and has
been retained in Basha Miao households in
Congjiang, Guizhou province. Therefore, the batik
evolved from maple liquid dyeing is Chinese Miao.
The batik technique was fully utilized when Miao and
Yao (Miao and Yao had genetic relationship and have
been deemed as Wuyi Man in Chinese ancient
books) had completed their migration to southwest
china in Qin and Han Dynasties (220 B.C. – 220 A.D.),
which shows that Miao and Yao have had the batik
technique before Qin and Han Dynasties. In a word,
the time of origin of batik technique in Miao and Yao
has far to be earlier than the East Han Dynasty when
the batik technique was present in western regions.
So, the model of origins of Chinese batik technique is
internal self-generation from the angle of minority
nationalities.

DEVELOPMENT AND EVOLUTION OF THE BATIK
TECHNIQUE IN THE CENTRAL PLAINS OF CHINA

It is well known that the batik technique of the Central
Plain areas stemmed from India and introduced from
Western Regions (afferent pathway similar to
Buddhism). However, the batik is not the same as
Buddhism whose development stretches without a
break. It is like a shooting star quickly disappearing in
the long river of history. The authors think the devel-
opment and evolution of the batik in the Central Plain
areas undergone three process: Introduction from the
Eastern Han Dynasty to the Southern and Northern
Dynasties (A.D. 25–589), wide popularity during the
period of Sui-Tang and Five Dynasty (A.D. 581–960)
and then decline in the Two Song Dynasties (A.D.
960–1279).

Introduction of the batik technique in the Central
Plains area

The unearthed textiles, blue wax printing wool fabric
and cotton fabric in the Northern Dynasties (A.D.
396–581), of Wuyulaike Site in the Yutian county of
Xinjiang are proofs that the batik technique was
brought to the center of China from Western Region
besides the Ishtar batik fabric. Obviously, these two
batik fabrics were not fabricated by artisans of Han
nationality. The reasons are as followings:
• Wool fabric is main cloth material of northern

minority nationality, silk, ko-hemp and flax are
mainly used for the cloth material in the Central
Plains Area.

• Cotton fabric introduced as “Tu-gong” from
Western Regions and Southwestern ethnic areas
and did not spread to Yangtse River Delta Area until
the ending of Song and beginning of Yuan Dynast.

Fig. 1. Ishtar batik fabric



• The two batik fabrics were discovered in Western
Regions, the communications centre of Silk Road.
It is well known that Western Regions are the con-
vergent center of West Asia, South Asia and
Central Plains civilization. Meanwhile, the related
records about the batik fabrics of West Asia and
South Asia has emerged greatly early before Anno
Domini. Physical batik fabrics did not appear in
Central Plains until the period of the Sui and Tang
Dynasties.

Therefore, the author holds that the possibility that
the batik spread from Western Regions to the Central
Plains is high.

Wide popularity of the batik technique in the
Central Plains area

During the Sui, Tang and Five Dynasties, the batik
quickly became popular in the Central Plains and
was rapidly improved in technology, which can be
verified with textile archaeology. The Viewpoint that
the batik had been popular and developed rapidly in
Central Plains was hinted by two evidences: the ban-
ners in Mogao Grottoes in Dunhuang and the batik
fabrics of the Tang Dynasty had been kept in the
Shosoin of Nara in Japan.
Evidence 1: A lot of unearthed batik fabrics of the
Tang Dynasty in Mogao Grottoes in Dunhuang. In the
1960s, there were a lot of batik fabrics in banners dis-
covered in Mogao Grottoes, e.g. cloud bird flower-
grass patterns on lake blue background of the silk
batik, the lucidum flower-bird pattern on deep red
background of the silk batik, the cloud and flower-bird
pattern on yellow background of the batik silk and the
flower pattern on earthy yellow background of the
batik silk [5]. The author considers the possibility that
they all were made from the Central Plains is great.
The reason is as follows: all are silk fabrics. As is
known, the Central Plains, silk fabrics’ hometown,
can provide conditions for silk fabrics manufacturing.
Secondly, as early as the Qin and Han Dynasties,
the Central Plains people had a tradition of using
lucidum, Ruicao and auspicious cloud as “Xiang Rui”
patterns in silk fabric. In addition, there was also a
kingdom of Gaochang in the Western Regions estab-
lished by the Han nationality in the Sui and Tang
Dynasties. According to researched historical docu-
ments, Gaochang was actually a local regime estab-
lished by Han immigrants who migrated to the
Western Regions during the Han-Jin period. The
technique of silk weaving of Gaochang was surpris-
ingly excellent, which was verified with the wooden
figures of the Kesi belt in Zhangxiong the tomb.
Showing the artisans of Han Nationality also had the
possibility to apply the batik to silk fabrics. Although
the batik fabrics in these flags are not necessarily
made by Han artisans in the Central Plains, the pos-
sibility is there. Even if the batik fabric painted by
Gaochang craftsmen, also conclude that the Han
nationality had already begun to apply the batik craft
to silk fabrics, this completed the transformation of
the wax printing materials from wool and cotton fab-
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rics to the silk. In the fourteenth year of the Era
Zhenguan (640 A.D.), Gaochang was destroyed by
LiShimin, Emperor Taizong of the Tang Dynasty (A.D.
599–649). The Tang Dynasty resettled the military
and civilian officials of Gaochang, and the dominant
power in Gaochang were moved to Chang’an and
Luoyang [6]. So the author feels this the result con-
curred that the batik technique brought to the Central
Plains area is because of inner migration of the dig-
nitaries in Gaochang, which promotes its develop-
ment here.  
Evidence 2: The batik fabrics of Tang Dynasty col-
lected in the Shosoin of Nara. Japan. The Shosoin,
Warehouse of Japan during Nara time (A.D.
710–794), had housed daily necessities and precious
articles of Shengwu Mikado (A.D. 701–756), which
include treasures of Chinese antiques, relics of
Western Regions and creations made by Japan in
imitation of Chinese cultural relics. Therefore, trea-
sures collected in the Shosoin of Nara provided
important material for inquiring into the utensils of the
Nara time and the flourishing period of Tang Dynasty.
Nowadays, a large number of batik products are
stored in the Shosoin of Nara even today, among
which the batik folding screen with tree and elephant
as well as tree and goat design (figure 2) might be
the most famous work. It was drawn from dyeing ani-
mal hairs with exquisite patterns and elegant tone [7].
Even as the opinions expressed in “Research for the
History of Dyeing and Waving” by scholar Akashi
Senjin, the famous screen of the Tang Dynasty was
imported into Japan as a precious gift of friendship.
Although it cannot be concluded that the batik folding
screen with tree and elephant as well as tree and
goat design came from the Central Plains of Tang
Dynasty, there is no doubt that it was welcomed in
here, where as the diplomats would have sent it back
to Japan.
Wax printing was always a professional behaviour in
manual workshop in the Central Plains of Tang
Dynasty. In order to maintain the efficiency of printing

Fig. 2. Batik folding screen with tree
and elephant as well as tree and goat



and guarantee the quality of products, the batik fab-
rics were mainly produced by the following two meth-
ods: i) a small convex template was used to simplify
operation; ii) paper type printing was used to further
improve production efficiency. The authors think:
these two methods are different from manual wax
printing or the boards coated with wax of southwest
minority area by viewing the mode of production. This
suggests that there is little possibility of the batik
spread from southwest minority area to the Central
Plains. It can also be illustrated that the enormous
social demand of the batik fabrics in Tang Dynasty,
which standardized production are being obtained to
promote its development in the Central Plains of
China. People began to popularize application of pat-
tern waxing method after Tang Dynasty. Which laid a
foundation for the generation and development of
ash resistant dye in the Central Plains area and the
batik that replaced by it.

Withered development of the batik in the Central

Plains area

The declining period of the batik in the Central Plains
area refers to the period between the two Song
Dynasties. At this time, the batik fabric was disap-
peared almost in Central Plains. Zhou Qufei (A.D.
1135–1189), scholar of Nan Song Dynasty, records
Yao people use two pieces of wood with carved pat-
terns to clip the grey cloth, the melted wax goes into
the wood patterns, and then dyeing cloth with indigo.
The wax is then melted by boiling the cloth to form
exquisite pattern [8]. This is particular dyeing method
of Yao people the batik was very rare in the Central
Plains in the era of Zhou Qufei. Otherwise, he would
not have been recorded the, waxing and valerian
craft as a kind of odd skill. Exactly what caused the
sudden disappearance of batik in Central China is
still worth discussing. The author believes it was the
sudden extinction of the batik craft in Central Plains
that led to the existence of illusion that Chinese batik
originated from the southwest minority region.

ANALYSIS ON THE CAUSES OF BATIK

EXTINCTION IN THE CENTRAL PLAINS

Between Northern and Southern Song, the reason
for the rapid disappearance of the batik in the Central
Plains is generally attributed to the ban on dyeing
valerian in the Song Dynasty. It is well known that the
extinction of any process is not mainly caused by a
certain major factor, but should be considered com-
prehensively from various factors in the process’s
internal and external history. The author thinks that
the reasons for the rapid disappearance of wax vale-
rian in the Central Plains should be considered from
the political environment of Song Dynasty, the eco-
nomic cost of the batik and the creation of ash resist
dye technology.
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The Song dynasty dyeing ban was an important
political reason for the disappearance of the batik
in the folk society

There are strict regulations on the Yufu system in
ancient China. The prohibition of dyeing valerian in
the civil society is closely related to the Yufu system
system.
Such bans were introduced during the Era Xianping
of Emperor Zhenzong (998–1003) and Era
Tiansheng of Emperor Renzong (1023–1032). The
ban imposed during the reign of Emperor Huizong of
the Song Dynasty (1082–1135, 1100–1126) was the
most severe. According to the records in the histori-
cal materials, the dyeing fabric has been widely used
in the clothing of the army and guards. In order to
strictly separate from the clothing of the common
people, the use of dyeing is prohibited to them.

The lack of beeswax in Song Dynasty is an
important economic factor to limit the
development of the batik

The main raw material for valerian in Central Plains is
beeswax. However, beeswax is widely used in
Chinese. As early as the Han Dynasty, beeswax was
used for the Lighting of royal and noble families [9]. 
The use of candles can be confirmed in mural paint-
ing of Yongtai princess’s tomb. There are other
important uses for beeswax:
• Used in pharmaceutical production. 
• Used in seal of documents. Sealing letters and offi-

cial documents was an important means to prevent
information from leakage in ancient times. It is con-
ceivable that the demand of beeswax is large
because of frequent war between the two Song
Dynasties. 

• Used in cultural trades. Beeswax was an important
ingredient in the production of statues and calligra-
phy mounting. The Song Dynasty, with its thriving
culture, must have had a great demand for
beeswax. 

• Used in all aspects of production and life. In ancient
times (including the song dynasty), beeswax was
widely used as anti-corrosion and lubricating mate-
rials in shoe making, car making, textile and other
industries [10]. The beeswax was very widely used
in the ancient Central Plains.

Beeswax was very difficult to obtain in the Central
Plains of the Song Dynasty, which can be examined
from the price of beeswax paid to the court from var-
ious places. According to the History of Song
Dynasty, Song Hui Yao Ji Gao and Yuan Feng Jiu Yu
Zhi, Henan, Shaanxi, Chongqing, Gansu and Anhui
all paid less than 50kg waxes, and even Pengshui
county, Chongqing city, only paid 5 kg per wax [11].
Beeswax was very expensive, some counties could
not even pay 5 kg. Obviously, the beekeeping level in
the Tang Dynasty was far lower than that in the Song
dynasty. Why did the development of wax resist dye
reach its peak in the Tang Dynasty, while gradually
disappeared in the Song Dynasty?



On the one hand, compared with the Song Dynasty,

the Tang Dynasty had a vast territory. Even in the

early Northern Song Dynasty, its territory was far less

than half that of the Tang Dynasty, let alone the

Southern Song Dynasty. The areas where beeswax

was obtained in the Tang Dynasty were far greater in

the Song Dynasty, which could fully compensate for

the loss of beekeeping technology lower in the Song

Dynasty. According to the New Book of Tang, Gansu,

Sichuan, Shaanxi, Hubei, Anhui, Shanxi, Zhejiang,

Fujian, Guizhou and other places have paid beeswax

as tribute to the imperial court [12]. The Tang Dynasty

established 415 Jimi Zhou in the southwest minority

regions [13], which includes the major areas of

beeswax products. It is not hard to see that the num-

ber of beeswax directly obtained in the Central Plains

of the Song Dynasty would be much lower than that

of the Tang Dynasty.

On the other hand, in the early days of Tang Dynasty,

emperor Tai Zong attacked the Turk in the north and

the Gaochang in the west, which made the Silk Road

run smoothly. At the same time, the Sea Silk Road in

the southwest was opened. The strongest period of

the Northern Song Dynasty, the north and northwest

regions were controlled by the Liao and the Western

Xia respectively, and the communication between the

land and Central Asia was completely blocked. The

southwest regions cannot be effectively controlled

and a large-scale war burst in Jiaozhi (Vietnam). At

this time in the Northern and Southern Dynasties,

only the Sea Silk Road could be used. By comparing

the tang and song dynasties, it can be seen that the

Tang Dynasty had strong national power, vast territo-

ry and smooth traffic between east and west, and the

Song Dynasty was the opposite. Therefore, the Song

Dynasty had far less means to obtain beeswax from

external environments than the Tang Dynasty, which

prevented the development of wax resist dye.

The production of ash resist dye in Song Dynasty

is an important technical factor for the complete

disappearance of the batik

The ash resistant dye is also called Yao ban bu, print-

ing and dyeing by using prepared slurry and resist

dyeing technique. Since the song dynasty, it was ris-

ing rapidly in Jiangnan regions and is in existence

today. According to the Complete Collection of

Pictures and Books of Old and New Times, Yao ban

bu was originated from Jiading and Anting Towns

[14]. From its raw material and technological charac-

teristics, the ash resistant dye is quite suitable for the

development in Central Plains. To begin with, the ash

resist dye used soybean flours and limes as slurries

286industria textila 2020, vol. 71, no. 3˘

of resist dye, which is characterized by simple pro-

cess and low cost. So, it gradually replaced other

dyeing and printing technology, and quickly spread

from Jiangnan to Jiangbei [15]. In addition, its slurry

does not need heating and much simpler than wax

resist dye. In the end, due to the stencil frame made

for duplicating the blank, it can be produced simulta-

neously by different printmakers using the same

stencil frame, which leads to standardized produc-

tion. The batik, by contrast, is less likely to achieve

this because it needs to heat and use hand drawing.

Based on the comparative analysis of the batik and

the ash resistant dye in resist dye slurry, and the pro-

cess characteristics and quality control, the author

believes that it is almost a historical necessity for the

batik craft to gradually withdraw from people’s sight in

Central Plains after the production of the ash resis-

tant dye.

CONCLUSIONS

The results of our research can be summarized as

follows:

• The origin of Chinese batik technique can be divid-

ed into two types: external afference and Internal

self-generating. The origin type of the batik in the

Central Plains belongs to the external afferent type,

which was introduced from the Indian civilization to

the Central Plains through the western regions, and

developed a unique dying method in the Central

Plains Region. On the contrary, the origin type in

the southwest minority region belongs to the type of

internal self-generating, which is formed gradually

through the migration process of Miao and Yao

people and their living environment.

• The development and evolution of the batik in the

Central Plain areas have undergone three process:

Introduction from the Eastern Han Dynasty to the

Southern and Northern Dynasties (A.D. 25–589),

wide popularity during the period of Sui-Tang and

Five Dynasty (A.D. 581–960) then decline in the

Two Song Dynasties (A.D. 960–1279).

• The reasons for the rapid disappearance of wax

valerian in the Central Plains should be considered

from the internal and external environment and the

development trend of dyeing technology. To be

specific, the political environment of Song Dynasty,

the economic cost of the batik and the creation of

ash resist dye technology are the major factor of its

demise.
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INTRODUCTION 

21st century is the age of globalization and informa-
tion society. The interconnections between people,
people and organizations and between organizations
and organizations are ever increasing. The Internet
plays a key role in this evolution of the society, being
the word and the key technology of the last two
decades. The world Internet penetration rate increase
since the year 2000 with 1100% [1]. More and more
word companies and organizations have begun to
appreciate and benefit from the advantages that the
online environment brings to their marketing activity,
regardless of its nature, a trend that also manifests in
Romania. The Internet penetration rate in Romania
is 73.5%, over the world average but below the
European Union average of 85.2% [1].
A study conducted by Śledziewska et al. for Google
[2] showed that Romania is the least digital country
in the European Union ranking 28th in the Digital
Economy and Society – DESI Index, the last place,

revealing problems that hold back the Romanian
business sector. Furthermore, Romanian ranked
27th, regarding the level of digital skills of the society,
outperforming only Bulgaria. Romanian Internet
users ranked 28th in online shopping and 27th posi-
tion in users engaging in online services and online
banking. Also, the level of development of Digital
Public Services (like e-government) is the second
lowest in the European Union (27th place).
The same study shows that Romanian companies
and organizations are not using social media, ranking
the lowest in the UE at this chapter (28th place), and
do not take full advantage of other digital tools [2].
Regarding the use of electronic information sharing
software, like management tools, Romanian organi-
zations also rank on some of the lowest position: 24th

place for software like ERP software and 26th for
cloud computing services. Furthermore, Romanian
companies and organizations are not engaged in e-
commerce, Romania placing on lower positions at
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ABSTRACT – REZUMAT

The effects of online marketing on financial performance in the textile industry 

Although Romania has an Internet penetration rate of 73.8%, over the world average, below the European Union
average of 85.2%, Romanian Internet users ranked 28th in online shopping, the lowest position in EU, while the
Romanian enterprises are the least digital in the EU ranking on the lowest positions in using social media and
e-commerce. The aim of this paper is to examine the impact of using online marketing tools in the development and
implementation of marketing strategies and their impact on organizational performance in the textile industry. We
propose an empirical model, rooted in an in-depth survey of over 897 Romanian organizations acting on the textile
industry market (production, distribution or retail), which gives us a general overview of antecedents of online marketing
success and its impact on organizational performance.

Keywords: e-commerce, online strategy, online distribution, crowdsourcing, marketing metrics  

Influența instrumentelor de marketing online asupra performanței financiare a organizațiilor
din industria textilă 

Cu toate că, în România, internetul are o rată de penetrare de 73,8%, peste media mondială, dar sub media de 85,2%
a ţărilor din Uniunea Europeană, utilizatorii de internet români s-au clasat pe locul 28 la cumpărăturile online, ultima
poziție la nivelul UE, în timp ce întreprinderile românești sunt cele mai puțin digitalizate la nivelul UE, fiind pe ultimul loc
în utilizarea mediilor sociale şi a comerțului electronic. Scopul lucrării este de a analiza impactul utilizării instrumentelor
de marketing online în elaborarea și implementarea strategiilor de marketing și asupra performanței organizaționale
pentru întreprinderile ce activează în industria textilă. Ca urmare a studiului, s-a dezvoltat un model empiric, pe baza
unui sondaj cu 897 de respondenţi din organizații românești, care acționează pe piața industriei textile (producție,
distribuție sau vânzare cu amănuntul) și care ne oferă o imagine de ansamblu bine definită a succesului marketingului
online și a impactului său asupra performanței organizaționale.

Cuvinte-cheie: e-comerţ, strategie online, distribuţie online, crowdsourcing, indicatori ai performanţei



criteria like the share of firms selling online (24th

place), turnover share (24th place) and cross-border

selling (28th place).

In conclusion, Romanian enterprises are the least

digital in the EU and these country’s problems with

digital transformation affect the business environ-

ment. These researches show a lot about the maturi-

ty of the online business environment in Romania,

which has a great development potential, but much to

reach the level of maturity of the most economically

developed European states. The aim of this paper is

to examine the impact of designing online marketing

strategies and implementing online marketing tech-

niques on the financial and marketing performance of

Romanians’ textile industry organizations in order to

explain and predict their intention to continue using

online marketing tools to achieve their strategic

objectives.

A unique econometric model has been proposed for

this study in order to analyze the influence of using

online marketing techniques in implementing market-

ing strategies on the textile industry organizations’

financial and marketing performance and their inten-

tion to continue using online marketing strategies and

techniques.

RESEARCH MODEL AND HYPOTHESES 

The development of online environment implies the

adoption of marketing tools in order to achieve the

short, medium or long-term strategic objectives. The

results of adopting online marketing tools should be

reflected in the company’s marketing performance

and implicitly in their financial performance, including

reputation, market share, number of clients, cus-

tomer loyalty. Thus, some of the research questions

we try to answer include:

1. How is the use of online marketing techniques and

tools in implementing marketing strategies reflect-

ed in the textile industry organization’s marketing

and financial performance?

2. Can it be said that using online marketing tech-

niques in implementing marketing strategies, will

the textile industry organization increase its repu-

tation, market share or number of clients? 

3. Furthermore, the mere adoption of online market-

ing tools does imply the continuity of this decision?

As a result, we are proposing the following hypothe-

ses:

• Hypothesis 1: The frequency of using online mar-

keting techniques has a direct and positive effect

on the frequency of using online marketing tech-

niques.

Online marketing techniques can be used to imple-

ment marketing strategies for the four marketing mix

elements: price, product, place, and promotion [3].

Thus, we state that:

• Hypothesis 2–5: The frequency of using online

marketing techniques has a direct and positive

effect on implementing product (H3-price, H4-place,

H5-promotion) marketing strategies.

The link between the use of business strategies and

the textile industry organizations’ financial perfor-

mance has been described and verified in many

studies, most frequently on the link between Porter’s

generic strategies used by textile industry organiza-

tions and their impact on the financial performance,

moderated by the organization’s internal and external

environment [4–6]. There are many adaptations of this

model, one of them regarding the influence of using

strategies on the success of online marketing [7].

We hereby formulate the H6–H9 hypotheses of the

research:

• Hypotheses 6–9: The frequency of using online

marketing techniques in implementing product

(H7 – price, H8 – place, H9 – promotion) marketing

strategies has a direct and positive effect on textile

industry organizations’ marketing performance.

The marketing performance of the textile industry

organization, which combines aspects of increasing

the organization’s reputation, market share, number

of customers and their loyalty, is determined to a

lesser or greater extent by the use of online market-

ing tools, which underpin the implementation of mar-

keting strategies in the online environment.

• Hypothesis 10: The frequency of using online mar -

keting techniques on implementing marketing

strategies has a direct and positive effect on textile

industry organizations’ marketing performance.

• Hypothesis 11: The frequency of using online mar-

keting tools on implementing marketing strategies

has a direct and positive effect on textile industry

organizations’ marketing performance.

A textile industry organization’s marketing perfor-

mance reflects its financial performance: increasing

turnover, sales revenue, profits, and leads. In other

words, the benefits of using online marketing tools in

implementing marketing strategies reflect in the orga-

nizations’ financial performance [8]:

• Hypothesis 12: Textile industry organizations’ mar-

keting performance has a direct and positive effect

on organizations’ financial performance.

However, developing and implementing online mar-

keting strategies and techniques entails costs for the

organization that adopts them. First, it is about spend-

ing with qualified staff, because not all employees

have knowledge, skills or abilities to develop or

implement an online marketing strategy or technique.

Second, the development and implementation of

online marketing techniques involve the use of tech-

nological equipment [9]. The continued use of these

techniques involves maintenance costs. All these

costs reflect in the company’s financial performance

and the profit will change: 

• Hypothesis 13: The costs of implementing online

marketing techniques have a direct and positive

effect on textile industry organizations’ financial

performance.

Relative advantages are a concept taken from

Diffusion of Innovation Theory [10]. There is no gen-

eral rule on the components of the relative advantage
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concept. These depend on the perceptions and spe-

cific needs of a user group [10].

Thus, in the present research, the relative advan-

tages of using online marketing strategies and tech-

niques can be reflected in the textile industry organi-

zation’s financial performance. The extent to which

marketers perceive the relative benefits of using

online marketing tools to achieve strategic goals

depends not only on the adoption rate [10] but also

on the continuity of intent [11].

• Hypothesis 14: Textile industry organizations’

financial performance has a direct and positive

effect on textile industry organizations’ intention to

continue using online marketing techniques.

Simple adoption of online marketing strategies and

techniques does not imply continuity. Marketing deci-

sion makers can always give up their use. The basis

for this assertion is found in the Theory of

Dissemination of Innovation [10], which states that

the adoption of innovation can result either in conti-

nuity or discontinuity.

The Expectation Confirmation Theory [12] places sat-

isfaction as the main predictor of the behavioural

continuity intention. This causal link between satis-

faction and intention was validated for individual

behaviour in the case of intention to continue shop-

ping online [3], and will be adapted to the study of

textile industry organizational behaviour:

• Hypothesis 15: Satisfaction of using online mar-

keting techniques has a direct and positive effect

on textile industry organizations’ intention to contin-

ue using online marketing techniques.

However, decision-makers’ satisfaction with their

decision to use online marketing strategies and tech-

niques is determined by certain factors. The

Expectation Confirmation Theory [12] postulates

product performance as a key predictor of the extent

to which customers are satisfied with choosing a

product. In a similar way, we will assume that the

decision makers will be satisfied with their decision to

use online marketing tools to the extent that they per-

ceive a higher level of financial performance due to

the development and implementation of online mar-

keting strategies and techniques:

• Hypothesis 16: Textile industry organizations’

financial performance has a direct and positive

effect on organizations’ satisfaction of using online

marketing techniques.

The textile industry organizations operate in accor-

dance with the evolution of the economic and social

environment, which implies the adaptation of the

enterprise’s activity to the external environment. The

company meets customers, the most important com-

ponent of organization’s micro-business. Customers

can be the ones who put pressure on the business to

adopt online marketing tools or techniques. To sub-

stantiate the direct and positive effects of these pres-

sures, we have resorted to the study of the Theory of

Behaviour Planned [13], which take into account the

social component in the study of the behavioural

intent of individuals. 

• Hypothesis 17: The level of external pressure has

a direct and positive effect on textile industry orga-

nizations’ intention to continue using online market-

ing techniques.

Adoption and continued use of information technolo-

gy closely link to the concept of compatibility.

Compatibility is a concept specific to the Diffusion of

Innovation Theory [10] and represents “the degree to

which innovation is perceived as consistent with past

values, experiences, and needs of potential users”.

Similarly, the variable compatibility was built in the

present research. Compatibility implies a concor-

dance between the overall purpose, goals, values

and organizational culture of the enterprise, and the

use of online marketing strategies and techniques. 

• Hypothesis 18: The compatibility with using online

marketing techniques has a direct and positive

effect on textile industry organizations’ intention to

continue using online marketing techniques.

METHODOLOGY, DATA ANALYSIS AND RESULTS

The survey instrument was pretested on a sample of

60 respondents and the questions were adjusted

after the reliability and internal consistency analysis.

The model contains two types of variables: six vari-

ables measured on a frequency scale and seven

variables are measured on a 7-point Likert scale

ranging from 1 – Strongly disagree to 7 – Strongly

agree as shown in figure 1.

The target population consists of all companies and

textile industry organizations with a presence in the

online environment registered in the Romanian

National Trade Register Office. The resulted sample

size statistically representative for a confidence inter-

val of 95% and an error of +/–3 has 874 respondents.

A survey was conducted on a sample of 944 Romanian

textile industry organizations, with 893 entries vali-

dated and subjected to further analysis.

In the research, the four steps [14] and double phas-

ing of the analysis process [15] were applied. First,

the reliability and internal consistency analysis for

variables measured with Likert scales followed that

the items corresponding to each construct have a

Cronbach’s Alpha value over 0.7 [16], the items being

accurate and describing well the latent construct

(table 1).  Next, the average variance extracted (AVE)

values from table 1, which are all over 0.5, show con-

structs’ good convergent validity and the square roots

of AVE are higher than any other correlation among

latent variables (table 1), resulting a good discrimi-

nant validity [16]. 

RESULTS AND DISCUSSION

The proposed research model was analyzed using

WarpPLS 6.0 with the bootstrap resampling method.
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Figure 2 shows the model’s estimates of β path coef-
ficients with their probability values and the R2 coeffi-
cients. Estimates show that textile industry organiza-
tions’ marketing performance (MKPERF) variance is
explained by its six predictors measured on frequen-
cy scale in a proportion of 64%, which is very good,
the main predictor being the frequency of using
online marketing techniques (TECHNIC), with a beta
coefficient of 0.30, followed by the frequency of using
online marketing techniques in implementing promo-
tion marketing strategies with a beta path coefficient
of 0.22.
Textile industry organizational financial performance
(FINPERF) variable variance is explained by its two
predictors variance in a percentage of 47%, the
strongest predictor being textile industry organization
marketing performance (MKPERF), as expected
(beta = 0.57), while the costs of implementing online
marketing techniques also manifest an influence of
only 0.22, suggesting that textile industry organizations

don’t perceive the costs as a strong obstacle in using
online marketing techniques. The third most impor-
tant dependent variable’s variance, intention to con-
tinue using online marketing techniques (INTENTIO)
is explained in a proportion of 63% by the variance of
its four predictors, the strongest being financial per-
formance (FINPERF, beta = 0.38), followed by the
mediating variable adapted for the context of busi-
ness, satisfaction of using online marketing tech-
niques (SATISFAC, beta = 0.26). 
All ten models fit and quality indices from table 2
have very good or excellent values and probabilities.
The AVIF index, which is the most important measure
of the model fit, is 1.224, under the ideal limit of 3.3,
while the ARS index is 0.291 for a p<0.001 [18]. The
third most important index, APC, is 0.232 for a
p<0.001 [18].
In conclusion, our findings validated the proposed
model and its research hypotheses.
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Fig. 1. The research model: the performance model of using online marketing techniques

RELIABILITY AND VALIDITY ANALYSIS

Items Alpha AVE 1 2 3 4 5 6 7

1. MK_PERF 0.897 0.710 0.843 0.643 –0.282 0.503 0.551 0.462 0.496

2. FIN_PERF 0.929 0.779 0.643 0.883 –0.36 0.522 0.698 0.499 0.533

3. COSTS 0.794 0.629 –0.282 –0.36 0.793 –0.298 –0.268 –0.283 –0.292

4. SATISFAC 0.911 0.790 0.503 0.522 –0.298 0.889 0.645 0.572 0.502

5. INTENTIO 0.899 0.832 0.551 0.698 –0.268 0.645 0.912 0.587 0.589

6. COMPATIB 0.932 0.772 0.462 0.499 –0.283 0.572 0.587 0.878 0.502

7. EXT_PRES 0.887 0.751 0.496 0.533 –0.292 0.502 0.589 0.502 0.866

Table 1

Note: Square roots of AVE’s shown on diagonal



IMPLICATIONS, CONCLUSIONS AND FURTHER
RESEARCH

In this study, we studied the positive effects of online
marketing tools on marketing performance in an
emerging economy, as well as their implications on
textile industry organizational financial performance.
Furthermore, we measured a synergetic effect of
online marketing techniques on textile industry orga-
nization’s marketing and financial performance. 
The theoretical implications include introducing new
relationships between the thirteen variables adapted
for the case of using online marketing techniques by
companies and textile industry organizations, as well
as novel ways of measuring marketing performance,
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MODEL FIT AND QUALITY INDICES (COMPUTED WITH WARPPLS 6.0)

Indices Criterion

Average path coefficient (APC)=0.232 P < 0.001

Average R-squared (ARS)=0.291 P < 0.001

Average adjusted R-squared (AARS) = 0.453 P < 0.001

Average block VIF (AVIF) = 1.224 acceptable if  5, ideally  3.3

Average full collinearity VIF (AFVIF) = 1.879 acceptable if  5, ideally  3.3

Tenenhaus GoF (GoF) = 0.487
small  0.1
medium  0.25
large  0.36

Sympson’s paradox ratio (SPR) = 1.000 acceptable if  0.7, ideally = 1

R-squared contribution ratio (RSCR) = 1.000 acceptable if  0.9, ideally = 1

Statistical suppression ratio (SSR) = 1.000 acceptable if  0.7

Nonlinear bivariate causality direction ratio
(NLBCDR) = 1.000

acceptable if  0.7

Table 2

Fig. 2. Estimated model using PLS Analysis

adapted to individual consumer
behaviour specific metrics, such
as satisfaction, intention to con-
tinue the use, compatibility or
normative behaviour.
The methodological implica-
tions consist mainly in propos-
ing, testing and validating mea-
surement scales such as the
financial and marketing perfor-
mance of textile industry organi-
zations, strategy implementa-
tion costs, textile industry orga-
nizations’ compatibility issues
implementing online marketing
techniques and external pres-
sure felt by textile industry orga-
nizations. These metrics proved
to be reliable and can be used
in future research.

The managerial implications consist in establishing
the direct and positive effect of the use of online mar-
keting tools in achieving strategic marketing objec-
tives on the marketing and financial performance of
the textile industry organizations. From these rela-
tionships we can observe that textile industry organi-
zations which are not currently using online market-
ing tools in implementing their marketing strategies
have poor marketing and financial performance and
need to adopt them as soon as possible in order to
be competitive and survive in the future.
Future research could analyse the relationship
between the usage of brand and loyalty strategies in



the online environment and the textile industry orga-
nization’s financial performance.
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