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Investigation of the effect of cotton knitted fabric structure of babywear
on moisture management properties
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SERAP BILTEKIN AYCA GURARDA

ABSTRACT — REZUMAT

Investigation of the effect of cotton knitted fabric structure of babywear on moisture management properties

In recent years, baby clothing has become an important role in the garment sector. The increasing importance of baby
clothing, along with the new designs, different fabric structures, accessories and clothing comfort is required to develop.
Due to the increasing importance given to baby health in the world, babywears have to be manufactured from materials
that are not harmful to health in accordance with the standards.

The purpose of this study is to investigate the effect of cotton knitted fabrics structure of babywear on moisture
management properties. For this reason, moisture management properties (wetting time, absorption rate, spreading
speed, accumulative one-way transport capability (OWTC) and overall moisture management capability (OMMC)) of
cotton knitted fabrics of different structures which are widely used in babywear have been examined. Moisture
management tester was used for liquid transport of the knitted fabric samples.

As a result of the study, it is observed that single jersey fabric had higher OMMC values than these of interlock and 1x1
rib knitted fabrics. Regarding the effect of yarn thickness, liquid transport increased with decreasing yarn thickness in
general. Regarding the effect of fabric weight and fabric thickness, liquid transport decreased with increasing weight and
thickness in general. Negative correlations were observed between fabric weight, fabric thickness and overall moisture
management capability.

Keywords: babywear, moisture management, cotton, knitted

Influenta structurii tricoturilor de bumbac din imbracamintea pentru bebelusi asupra proprietatilor
de control a umiditatii

In ultimii ani, imbrécamintea pentru bebelusi a inregistrat un rol din ce in ce mai important in sectorul articolelor de
imbracaminte. Aceasta importanta, impreund cu noi modele, diferite structuri ale materialelor textile, accesoriile si
confortul vestimentar necesita noi abordari. Datorita importantei acordate sanatatii bebelusului, imbracamintea trebuie
sa fie realizata din materiale care nu sunt daunatoare sanatatii, in conformitate cu standardele in vigoare.

Scopul acestui studiu este de a investiga influenta structurii tricoturilor de bumbac din imbracamintea pentru bebelusi
asupra proprietatilor de control a umiditatii. Din acest motiv, au fost studiate proprietatile aferente controlului umiditatii
(timpul de umectare, rata de absorbtie, viteza de umezire, capacitatea acumulata de transport unidirectional (OWTC) si
capacitatea generala de control al umiditatii (OMMC)) din tricoturile de bumbac cu diferite structuri, care sunt utilizate
pe scara larga in imbracamintea pentru bebelusi. Testerul de control al umiditatii a fost utilizat pentru transportul
lichidelor din probele de tricot.

Ca rezultat al studiului, se observa ca tricoturile glat prezinta valori ale OMMC mai mari decét tricoturile interlock si
tricoturile patent 1x1. In ceea ce priveste influenta finetii firelor, transportul lichidului a crescut odaté cu crestere finetii
firelor. Din punctul de vedere al influentei masei si grosimii tricoturilor, transportul lichidului a scazut odata cu cresterea
masei si grosimii. Au fost observate corelatii negative intre masa tricotului, grosimea tricotului si capacitatea totala de
control al umiditatii.

Cuvinte-cheie: imbracaminte pentru bebelusi, controlul umiditétii, bumbac, tricot

INTRODUCTION

Babywear is a clothing product category for babies
and infants up to 2 years old. In recent years, baby
clothing has become an important place in the gar-
ment sector. The increasing importance of baby
clothing, along with the new designs, different fabric
structures, accessories and clothing comfort is

the right fabric is very important when producing
babywear. The choice of the right fabric in the baby-
wear increases the quality of the garment, the con-
sumer’s desire to buy the garment and the comfort of
the baby in the garment.

Infant’s clothing is sized according to their age: 3, 6,
12, 18, 24 months. During this age, the head does
not correctly stand on their neck. So, garments

required to develop. Due to the increasing impor-
tance given to baby health in the world, babywears
have to be manufactured from materials that are not
harmful to health in accordance with standards.

Today more than 50% of babywear is made of knitted
fabric and most of them are used cotton. Choosing
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should be selected with a full opening. According to
the seasons, the material should be selected, thick or
thin. Also, soft materials with the lightweight should
be selected [1].

Fabrics of babywear must be durable to wear and
tear. Babies prefer soft, absorbent fabrics that do not
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scratch their body. Cotton or polyester cotton blends
provide comfort, durability, and easy care for fabrics
of babywear.

The selection of suitable cloth for the babies allows
them to move comfortably. The cloth should not irri-
tate the delicate skin of the baby. When selecting
babywear, there are a few things needed to be aware
of in order to keep baby safe and comfortable. So,
the patterns of the babywear should be simple and
comfortable [1]. For babies, comfort and safety are
very important. The fabric should not be sticky, slip-
pery or thick, but also breathable. The fabric also has
to withstand of washing. Fabrics of babywear should
transfer the sweat outside quickly to provide tactile
and sensorial comfort for babies [2].

The ideal babywear should be soft, comfortable, easy
to put and take off, ligthweight, non-irritating and
allow quick transmission of sweat from skin to envi-
ronment.

Moisture management transmission is one of the
most important performance properties, which deter-
mine the comfort level of the fabric, in the clothing
industry. When any liquid is dropped on the surface
of a fabric, it moves into multiple directions and its
movement depends upon the structure of the fabric.
The properties of the fabric regarding the liquid and
moisture transport into multiple dimensions are called
the moisture management transmission properties
[3-4].

The primary cooling mechanism of the body is evap-
oration of perspiration. The behavior of the moisture
absorbed at the fabric inner surface and evaporated
at the outer surface significantly influences the
babies comfort. Therefore, it is necessary to deter-
mine the fabric structural properties before the
design of babywear. Babywear needs the ability to
transfer sweat from skin’s surface to the outer side of
the garment to evaporate and then to maintain the
dry sensation during sleeping or playing with a heavy
sweating rate [5-6].

To improve the comfort of the babywears, it is impor-
tant to know the liquid moisture management proper-
ties of the fabrics [7-8]. In fabric structures, for high
moisture management properties generally, cotton
fibers are used in order to maximize transport mois-
ture properties.

The purpose of this study is to investigate the effect
of the babywear cotton knitted fabrics structure on
moisture management properties. For this reason,
moisture management properties (wetting time,
absorption rate, spreading speed, accumulative one-
way transport capability (OWTC) and overall mois-
ture management capability (OMMC)) of cotton knit-
ted fabrics of different structures which are widely
used in baby clothing have been examined.

MATERIALS AND METHODS
Materials

In this study, moisture management properties of six
types of cotton knitted fabrics at two groups with dif-
ferent structural properties which are widely used for
baby wears were examined. Fabric samples at the
first group have same weave type (interlock) but dif-
ferent yarn counts. Fabric samples at the second
group have different weave types but nearly same
yarn count. At this study, effect of yarn counts, weave
types, fabric thickness and fabric weight of 100% cot-
ton knitted fabrics was investigated and trying to find
best fabric structure for moisture management prop-
erties for babywears. Basic properties of fabric sam-
ples for this study are shown in table 1.

Methods

In this study, moisture management properties tests
were made to the fabric samples. The ASTM D 3776-
09a standard was used to measure the mass per unit
area [9]. The ASTM D1777-96 (2007) standard was
used to measure the thickness values of fabric sam-
ples [10].

Moisture management properties were measured by
SDL Atlas M 290 Moisture Management Tester
(MMT) instrument (figure 1) according to AATCC 195
standard [11]. Fabric sample is placed horizontally in
the instrument between the upper and lower sensors
(figure 2). Wetting time of the top and bottom surface,
absorption rate of top and bottom surface, spreading
speed of the top and bottom surface, accumulative
one-way transport capability and overall moisture
management capability of the fabric samples were
examined to determine the proper babywear knitted
fabric structure for moisture transfer.

Table 1
STRUCTURAL PARAMETERS OF FABRIC USED
Fabric Fabric Weave Yarn count . Thickness | Weight Wales | Courses
Material
groups code type (Ne) (mm) (g/m?) percm | percm
A1 Interlock 24/1 100% Cotton 0.82 265 12 14
A2 Interlock 36/1 100% Cotton 0.75 210 15 14
1st group
A3 Interlock 50/1 100% Cotton 0.69 160 18 14
A4 Interlock 60/1 100% Cotton 0.59 155 18 17
A1 Interlock 24/1 100% Cotton 0.82 265 12 14
2" group A5 1x1 rib 30/1 100% Cotton 0.72 205 12 19
A6 Single Jersey 30/1 100% Cotton 0.40 155 16 20
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Fig. 1. Moisture management tester (MMT) [7]

MMT test results were evaluated using the grading
scale, which is a 5-point scale, given according to
AATCC Test Method 195 (2012). For each fabric, five
repetitions were made, and the arithmetic mean was
calculated from the individual measurement results.
At grading scales of AATCC Test Method 195, the
excellent value for wetting time is (< 3) = very fast, for
absorption rate is (>100) = very fast, for spreading
speed is (>4) = very fast, for accumulative one-way
transport capability is (>400) = excellent and for over-
all moisture management capability (OMMC) is (>0.8)
= excellent, so that a fabric which has these values is
excellent for liquid transmission.

Prior to the tests, all fabric samples were conditioned
for 24 hours in standard atmospheric conditions (at a
temperature of 20+£2°C and relative humidities of 65
+2%).

The results were evaluated statistically by using
SPSS 14.0 program. Completely randomized single-
factor (one way) multivariate analysis of variance
(ANOVA) as a fixed model was applied to data.
Student-Newman-Keuls (SNK) tests were used to
compares the means. The treatment levels were
marked in accordance with the mean values, and lev-
els were marked with the different letter (a, b, ¢ and
d) to show that they were significantly different.

Sweat gland

Upper sensor

Fabric Lower sensor

Fig. 2. Sketch of moisture management tester sensors [7]

The correlation coefficients were calculated to deter-
mine the relationships between fabric structural prop-
erties (weight, thickness and yarn count) and fabric
moisture management properties (wetting time,
absorption rate, spreading speed, accumulative one-
way transport capability and overall moisture man-
agement capability).

RESULTS AND DISCUSSION

Wetting time (top and bottom), absorption rate (top
and bottom), spreading speed (top and bottom), accu-
mulative one-way transport capability (OWTC) and
overall moisture management capability (OMMC) test
results of the fabric samples are presented in fig-
ures 3—7. Analysis of variance and Student-Newman-
Keuls test results are given in tables 2 and 3.

The correlation coefficient values between the fabric
structural properties (weight, thickness and yarn
count) and moisture management properties of fab-
rics are presented in table 4. Positive correlations
were observed between weight, thickness and wet-
ting time. In other words, the wetting time values
increased when the fabric weight and thickness
increased. The negative correlations were observed
between weight, thickness and absorption rate, spread-
ing speed, OWTC and OMMC values, as shown in

Table 2
STATISTICAL ANALYSIS (ANALYSIS OF VARIANCE AND SNK TEST) RESULTS FOR MOISTURE MANAGEMENT
PROPERTIES (WETTING TIME AND ABSORPTION RATE)
Wetting Time Top Wetting Time Absorption Rate Top| Absorption Rate
Parameters (sec) Bottom (sec) (%lsec) Bottom (%/sec)
P/Sig. SNK P/Sig. SNK P/Sig. SNK P/Sig. SNK
A1 (24/1) 4.46 d 4.37d 35.74 a 50.35 a
Yarn A2 (36/1) 411 ¢ 4.30d 4917 ¢ 56.95 a
Count 0.000* 0.000* 0.000* 0.190
(Ne) A3 (50/1) 344 a 3.38a 4573 b 52.20 a
A4 (60/1) 3.67b 3.75b 45.89 b 55.04 a
_ A1 (interlock) 446 c 437 c 35.74 a 50.35 a
FTayt;réc A5 (rib) 0.000* 3.59b 0.000* 3.57b 0.000* 44.86 b 0.000* 56.07 b
A6 (jersey) 3.06 a 3.15a 50.76 a 75.25¢c

* statistically significant (P < 0.05).

a, b, c and d represent statistically difference ranges according to SNK test.

industria textila

ﬂl

2019. vol. 70. no. 6




Table 3

STATISTICAL ANALYSIS (ANALYSIS OF VARIANCE AND SNK TEST) RESULTS FOR MOISTURE MANAGEMENT
PROPERTIES (SPREADING SPEED, OWTC AND OMMC)
Spreading Speed Spreading Speed OWTC OMMC
Parameters (Top) (mm/sec) (Bottom) (mm/sec) (%)
P/Sig. SNK P/Sig. SNK P/Sig. SNK P/Sig. SNK
A1 (24/1) 243 a 2.60 a 22247 b 0.548 a
Yarn A2 (36/1) 2.88b 286 b 157.68 a 0.516 a
Count 0.000* 0.000* 0.000* 0.190
(Ne) A3 (50/1) 3.66 ¢ 3.95d 317.35¢c 0.769 b
A4 (60/1) 3.52¢c 3.65¢c 312.47d 0.749b
A1 (interlock) 243 a 2.60 a 22247 a 0.548 a
F.%t;)r: A5 (rib) 0.000* 3.32b 0.000* 3.48b 0.000* | 240.45a | 0.000* 0.658 b
A6 (jersey) 422c 453 c 309.35b 0.830 c
* statistically significant (P < 0.05).
a, b, c and d represent statistically difference ranges according to SNK test.
Table 4
CORRELATION COEFFICIENT BETWEEN STRUCTURAL AND MOISTURE MANAGEMENT PROPERTIES
OF FABRICS
Wetting Time Absorption Rate Spreading Speed
Parameters OWTC OoMMC
Top Bottom Top Bottom Top Bottom
Weight 0.870 0.804 -0.760 —0.481 -0.910 —0.841 -0.740 -0.860
Thickness 0.845 0.770 —-0.681 —0.881 —-0.904 —-0.866 -0.650 —-0.832
Yarn Count -0.270 -0.234 0.287 -0.237 0.337 0.286 0.524 0.428

table 4. In other words, the absorption rate, spread-
ing speed, OWTC and OMMC values increased
when the the fabric weight and thickness decreased.

Wetting Time (WT) test results

WT top and bottom range values were compared
using the grading scale, which is a 5-point scale,
according to AATCC Test Method 195. The grades of
the indexes are: 1 (2120) = non-wetting, 2 (20-119)
= slow, 3 (5-19) = medium, 4 (3-5) = fast, 5 (<3) =
very fast.

The wetting time values of the fabric samples are
shown in figure 3. In figure 3, it was observed that all
fabric samples had “fast” WT values. At the first
group, fabric sample (A1) with highest thickness and
weight had the highest wetting time. At the second
group, single jersey fabric sample (A6) had the low-
est WT values because it has lowest fabric thickness.
The face and back side of fabric samples were
named “the top surface” (inner) and “the bottom sur-
face” (outer). The top surface of the fabric is
designed to be in touch with the human skin. The top
and bottom surfaces of the fabric samples gave
almost similar results to each other for wetting time
results. The fabric samples aren’t thick. So that the
wetting time values at the top and bottom surfaces
were similar. Cotton fiber has a hydrophilic property.
Cotton fabric has a high moisture absorption proper-
ty; the test liquid penetrates into the cotton fibers.

industria textila

ﬁl

According to the statistical analysis in table 2, the
yarn count (Ne) and fabric type have a significant
effect on top and bottom wetting time values of the
fabric samples.

Positive correlations were observed between fabric
weight, fabric thickness and wetting time, as shown
in table 4.

OTop
1 @ Bottom
o

Wetting time, sec
ra

Al A2 A3 A4 Al A5 A6

1stgroup 2nd group

Fabric samples

Fig. 3. Wetting time of top and bottom surface of fabric
sample

Absorption Rate (AR) test results

Absorbency is used to describe the ability of a fabric
in moisture. AR top and bottom range values were
compared using the grading scale, which is a 5-point
scale, according to AATCC Test Method 195.

The grades of the indexes are: 1 (0-9) = very slow,
2 (10-29) = slow, 3 (30—49) = medium, 4 (50-100) =
fast, 5 (>100) = very fast.

2019. vol. 70. no. 6



Absorption rates on the top and bottom surfaces
(%/sec) are the average moisture absorption ability
of the specimen, in the pump time [12].

The absorption rate values of the fabric samples are
shown in figure 4. At the first group, it was observed
that (A2), (A3) and (A4) fabric samples AR values
higher than (A1). At the second group, it was
observed that single jersey fabric sample (A6), AR
values higher than 1x1 rib (A5) and interlock (A1)
fabric samples. At these fabric samples when the fab-
ric thickness and fabric weight decrease, AR values
increase. The top and bottom surfaces of the fabric
samples gave different results to each other.
Absorption rate value of bottom surface was higher
than top surface. The total water content of the top
and bottom surfaces seems to be lower for cotton
fabric. The wetted areas on both surfaces are not
large, since the water molecules are absorbed by the
fibers.

—
o
o

o
o

(=]
(=]

OTop

)
o

@ Bottom

Absorption rate, %/sec
I
(=]

o

Al A2 A3 A4 Al A5 A6
1st group 2nd group

Fabricsamples

Fig. 4. Absorption of top and bottom surface of fabric
samples

According to the statistical analysis in table 2, the
yarn count (Ne) and fabric type have a significant
effect on absorption rate values of the top surface of
the fabric samples but the yarn count (Ne) doesn’t
have a significant effect on absorption rate values of
the bottom surface of the fabric samples.

Negative correlations were observed between fabric
weight, fabric thickness and absorption rate, as
shown in table 4.

Spreading Speed (SS) test results

SS top and bottom range values were compared
using the grading scale, which is a 5-point scale,
according to AATCC Test Method 195. The grades of
the indexes are: 1 (0.0-0.9) = very slow, 2 (1.0-1.9)
= slow, 3 (2-2.9) = medium, 4 (3—4) = fast, 5 (>4) =
very fast.

The spreading speed values of the fabric samples
are shown in figure 5. At the first group, it was
observed that (A1) and (A2) fabric samples had
“medium” and (A3), (A4) fabric samples had “fast” SS
values. At the second group (A5) fabric sample had
“fast” and (A6) fabric sample had “very fast” SS val-
ues. At these fabric samples when the fabric thick-
ness and fabric weight decrease, SS values increase.
The top and the bottom surfaces of the fabric sam-
ples gave different results to each other. Spreading
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speed value of bottom surface was higher than top
surface. This is because the absorption rate value of
bottom surface was higher than top surface.

O Top
B Bottom

Spreading speed, mm/sec

Al A2 A3 A4 Al A5 A6

1st group
Fabric samples

2nd group

Fig. 5. Spreading speed of top and bottom surface
of fabric samples

According to the statistical analysis in table 3, the
yarn count (Ne) and fabric type have a significant
effect on spreading speed values of the top and the
bottom surfaces of the fabric samples.

Negative correlations were observed between fabric
weight, fabric thickness and spreading speed, as
shown in table 4.

Accumulative One-Way Transport Capability
(OWTC) test results

OWTC means, the difference of the cumulative mois-
ture content between the two surfaces of the fabric.
OWTC value gives the difference between the area
of the liquid moisture content curves of the top and
the bottom surfaces of a specimen with respect to
time.

OWTC range values were compared using the grad-
ing scale, which is a 5-point scale, according to
AATCC Test Method 195. The grades of the indexes
are: 1 (<=50) = very poor, 2 (—-50-99) = slow, 3
(100-199) = good, 4 (200—400) = very good, 5 (>400)
= excellent.

The OWTC values of the fabric samples are shown in
figure 6. At the first and the second groups, it was
observed that all fabric samples except A2 had “very
good” OWTC values. A2 had “good” OWTC value.
The reason for this explains with the denser structure
of fabric sample A2 than A1. In these fabric samples,

400
§z€
b2 300
58
e § 200
2%
£ 8 100
3
8 s
<= 0

Al A2 A3 A4 Al AS AB
1st group 2nd group

Fabric samples

Fig. 6. Accumulative one-way transport capability of top
and bottom surface of fabric samples
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when the fabric thickness and fabric weight decrease,
OWTC values increase.

According to the statistical analysis in table 3, the
yarn count (Ne) and fabric type have a significant
effect on OWTC values of the fabric samples.
Negative correlations were observed between fabric
weight, fabric thickness and accumulative one-way
transport capability, as shown in table 4.

Overall Moisture Management Capability
(OMMC) test results

OMMC is an index that determines the total transfer
capacity of the liquid moisture in a fabric. Overall
moisture management capability indicates the overall
ability of the fabric to manage the transport of liquid
moisture, which includes three aspects of perfor-
mance; moisture absorption rate of the bottom side,
one-way liquid transport ability and maximum
spreading speed of the bottom side [13—16]. The
overall moisture management capacitiy (OMMC) was
calculated using equation 1.

OMMC =C, AR+ C, OWTC + C; SS; (1)
Where C,, C, and C, are the weights of the indexes
of the absorption rate of the bottom surface (ARy),
the one-way transport capability (OWTC) and the
spreading speed of the bottom surface (SSg). Here
C, =025, C, =05 and C; = 0.25, and they are
adjustable in practice according to end-of-use pur-
poses.

The high overall moisture management capacity
value means that the moisture transfer is high [12].
OMMC range values were compared using the grad-
ing scale, which is a 5-point scale, according to
AATCC Test Method 195. The grades of the indexes
are: 1 (0.0-0.19) = very poor, 2 (0.2-0.39) = poor,
3 (0.4-0.59) = good, 4 (0.60-0.80) = very good, 5
(> 0.80) = excellent.

The OMMC values of the fabric samples are shown
in figure 7. At the first group, it was observed that
(A1), (A2) had “good” and (A3), (A4) had “very good”.
At the second group, (A1), (A5) had “good” and (A6)
had “excellent” OMMC values. At these fabric sam-
ples when the fabric thickness and fabric weight
decrease, OMMC values increase.

According to the statistical analysis in table 3, the
fabric type has a significant effect on the OMMC val-
ues of the fabric samples.

1

0,8

< 06
=
=

o 04

0,2

(6]

Al A2 A3 Ad Al A5 AbB
1st group 2nd group
Fabricsamples

Fig. 7. Overall moisture management capability of top
and bottom surface of fabric samples
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Negative correlations were observed between fabric
weight, fabric thickness and overall moisture man-
agement capability, as shown in table 4.

CONCLUSION

In recent years, baby clothing has become an impor-
tant role in the garment sector. The increasing impor-
tance of baby clothing, along with the new designs,
different fabric structures, accessories and clothing
comfort is required to develop.

Today more than 50% of babywear is made of knitted
fabric and most of them are used cotton. Choosing
the right fabric is very important when producing
babywear. The choice of the right fabric in the baby-
wear increases the quality of the garment, the con-
sumer’s desire to buy the garment and the comfort of
the baby in the garment.

The primary cooling mechanism of the body is evap-
oration of perspiration. The behavior of the moisture
absorbed at the fabric inner surface and evaporated
at the outer surface significantly influences the babies
comfort. Therefore, it is necessary to determine the
fabric structural properties of moisture transfer before
design of babywear. Babywear needs the ability to
transfer sweat from skin’s surface to the outer side of
the garment to evaporate and then to maintain the
dry sensation during sleeping or playing with a heavy
sweating rate.

Fabrics of babywear must be durable to wear and
tear. Babies prefer soft, absorbent fabrics that do not
scratch their body. Cotton or polyester cotton blends
provide comfort, durability, and easy care for fabrics
of babywear.

Moisture management properties of the fabrics are
among the most important parameters that determine
the wearer’s comfort perception. Sweat transmission
and absorption properties of garment are affected by
fiber properties, yarn and fabric structural parame-
ters, chemical processing and clothing design prop-
erties.

In this study, the effect of cotton knitted fabrics struc-
ture fabric weight, fabric thickness, weave type and
yarn count of babywear on moisture management
properties was investigated.

It has been tested that different knitted structures
have different comfort properties. The fabric structure
properties influence moisture transfer properties.

In this study single jersey fabric sample (A6) had an
“excellent” accumulative one-way transport capability
(OWTC) and overall moisture management capabili-
ty (OMMC) values. Also single jersey fabric wetting
time, absorption rate and spreading speed were very
fast.

On the other hand, single jersey fabric should be cho-
sen for babywears for better moisture management
properties.

Interlock fabric samples (A3) and (A4) had “very good”
accumulative one-way transport capability (OWTC)
overall moisture management capability (OMMC)
values.

Statistical analysis showed that yarn count and knit-
ted fabric type had an effect on moisture management
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properties. It was seen that the spreading speed, between fabric weight, fabric thickness and absorp-
OWTC and OMMC values increased as yarn thick-  tion rate, spreading speed, OWTC and OMMC values.
ness, fabric weight and fabric thickness decreased.

A positive correlation was observed between fabric ACKNOWLEDGEMENTS

weight, fabric thickness and wetting time. But at the  The authors thank to Kity Kate Babywear Company-Bursa
same time negative correlations were observed for their contribution for this study.
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ABSTRACT - REZUMAT

Development of floating treatment wetlands with plant-bacteria partnership to clean
textile bleaching effluent

Treatment of textile wastewater prior to its discharge into the environment is a highly concerned issue of the industry.
The current established methods in textile industry for effluent treatment are typically high in cost, require range of
chemicals along with the generation of concentrated hazardous sludge. It is therefore inevitable to look for economical
and eco-friendly ways to treat textile wastewater. Hence, the present study was endeavored to develop green, chemical
free and sustainable bacteria inoculated plant based technique for remedying textile bleaching effluents. A lab scale
floating treatment wetlands (FTWs) system was developed and implemented for remediation of H,O, based textile
bleaching wastewater. This system was designed by vegetating two free floating aquatic plants Eichhorniacrassipes and
Pistia stratiotes. The performance of this system was enhanced by inoculating two pollutant degrading and plant growth
promoting bacteria, Bacillus cereus and Bacillus subtilis. The efficacy of this bacterial augmented FTWs system was
assessed by monitoring physicochemical parameters of treated wastewater. A substantial decrease in pH, EC, TDS,
TSS, BOD and COD was noted. This stamped the effectiveness of this sustainable technique to treat textile effluents.

Keywords: waste water treatment, textile bleaching effluent, floating treatment wetlands, plant-bacteria synergy, plant
growth promoting bacteria

Sistem plutitor bazat pe sinergia plante-bacterii pentru tratarea efluentilor rezultati din tratamentul de albire
al materialelor textile

Tratarea apelor uzate textile inainte de evacuarea acestora in mediu este o problema extrem de importanta pentru
industrie. Metodele actuale existente in industria textila pentru tratarea efluentilor au de obicei costuri ridicate si necesita
o serie de substante chimice, generand namoluri active poluante. Prin urmare, este necesara identificarea unor
modalitati economice si ecologice pentru tratarea apelor uzate rezultate din finisajul textil. Studiul de fata are ca obiectiv
dezvoltarea unei metode ecologice si sustenabile, bazate pe sinergia plante-bacterii, pentru tratarea efluentilor rezultati
din procesul tehnologic de albire al materialelor textile. La nivel de laborator, a fost dezvoltat si implementat un sistem
plutitor de tratarea efluentilor (FTW) rezultati din procesul tehnologic de albire a materialelor textile pe baza de H,0O.,.
Acest sistem a fost proiectat prin cultivarea a doud plante acvatice plutitoare, respectiv Eichhorniacrassipes si
Pistiastratiotes. Performanta acestui sistem a fost imbunatatitd prin inocularea a doud bacterii, care degradeaza
poluantii si care favorizeaza cresterea plantelor, respectiv Bacillus cereus si Bacillus subtilis. Eficacitatea acestui sistem
FTW augumentat cu bacterii a fost evaluata prin monitorizarea parametrilor fizico-chimici ai apelor uzate tratate. S-a
observat o scadere substantiald a pH-ului, EC, TDS, TSS, BOD si COD. Acest lucru a permis evaluarea eficientei
acestei metode sustenabile de tratarea efluentilor rezultati din finisajul textil.

Cuvinte-cheie: tratarea apelor uzate, efluenti finisaj textil, tehnologie plutitoare, sinergie plante-bacterii, bacterii pentru
cresterea plantelor

INTRODUCTION

Textile industry plays significant role to boost up the
economy of developing and developed countries [1],
nevertheless, effluents generated by textile wet pro-
cessing sector is responsible for massive destruction
of aquatic ecology [2]. Moreover, the presence of

release of its effluents directly to nearby drains with-
out treatment or partial treatment especially in devel-
oping countries. These effluents have high values of
pH, suspended and dissolved solids, biological oxy-
gen demand (BOD), chemical oxygen demand
(COD), and other pollutants [4-5]. A typical textile wet

organic and inorganic ingredients in receiving water
bodies leads to reduce the sunlight penetration in
them which directly disrupt the photosynthetic activi-
ty and concentration of dissolved oxygen [3]. The
environmental and aquatic pollution caused by textile
wet processing (TWP) industry is because of the
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processing comprises a series of processes like pre-
treatment, dyeing and finishing [6]. Bleaching is the
most significant pre-treatment process carried out
prior to dyeing for removing colouring impurities and
to increase the fabric whiteness. Bleaching has to be
performed on all fabrics whether sold as white or
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coloured. Among other bleaching agents like sodium
hypochlorite, hydrogen peroxide has dominant share
in industrial bleaching process [7]. It has been found
that 38% of water in textile wet processing industry is
used during bleaching process [8]. So a huge magni-
tude of wastewater is released from the bleaching
process. Approximately 70 billion tons of wastewater
is generated every year by textile industry [9].
Treatment of textile wastewater prior to its discharge
into naturally occurring water bodies is highly desir-
able.

Many physicochemical and biological techniques like
filtration, adsorption, coagulation, flocculation, oxida-
tion and electrochemical methods are being exer-
cised to treat textile wastewater. However, these
methods have limitations with respect to operational
and maintenance cost, requirement of skilled man
power and generation of hazardous sludge that cre-
ates huge problem of its safe disposal [4]. In com-
parison to these capital and labour intensive physic-
ochemical ways, bioremediation is an eco-friendly,
less expensive and handy approach to clean textile
wastewater from both organic and inorganic pollu-
tants. It is based on plants, microbes and their part-
nership for wastewater treatment. In this technique
bacteria boosts up the plant growth due to catabolism.
In return plants provide nutrients, metabolites and
habitats to microbes in their (endo)rhizoshpere. This
plant-bacteria synergistic interaction results in
enhanced degradation of hydrocarbons containing
pollutants [10]. In this partnership plants contribute
towards phyto-extraction, phytovolatilization, phy-
touptake, phytodegradation, rhizofiltration, phytosta-
bilization (figure 1) while microbes take part in plant
growth promotion activities and metabolization of
organic pollutants and mineralization of inorganic pol-
lutants. The application of this plant-microbe interac-
tive mechanism has been suggested as an efficient

mean to treat many kinds of wastewater and consid-
ered to have in situ applicability [11].

Floating treatment wetlands (FTWs) technique, being
economical and low energy consuming, provide a
green solution to clean polluted water. This method
has been successfully applied to treat municipal,
sewage, storm, domestic, industrial and poultry pro-
cessing wastewater [12-17] while efficacy of con-
structed wetlands have been explored for general
textile water [18]. However, to the best of our knowl-
edge, floating treatment wetlands, vegetating with
free floating aquatic plants, has not been assessed
until now for cleaning textile bleaching enriched
wastewater. Hence the current study has been con-
ducted to remediate H,O, enriched bleaching water
of textile industry applying plant-microbe augmented
FTWs technique.

MATERIAL AND METHODS

Collection of plants and development of their
nursery

Plant selection for this technique is of utmost impor-
tance. The plants having dense root system are
preferable for phytoremediation. In addition, native
plants are more favorable to use as they are better
tolerant to existing climate conditions. Therefore, two
local plants which are found in abundance in the sur-
roundings of Lahore and Faisalabad (the textile indus-
try hub in Pakistan) “Eichhorniacrassipes (Water
hyacinth)and Pistia stratiotes (Water lettuce)”, were
selected for the present research study. Adult plants
were collected from local water bodies and stored in
water tubs of circular shape having 76 cm diameter
and 30 cm depth under ambient conditions for the
development of their nursery (figure 2). In order to
survive in textile wastewater they were immuned by
feeding them with the textile wastewater for one
week with increasing ratio of tap water and textile

Pollutants after converting
into volatile form release into

Textile effluents
containing high
concentration of
dves and chemicals | BN
(before treatment)

Phytostabilization

Inorganic/organic pollutants
NEQS = National Environmental Qualtry Standards
ZDHC = Zero Discharge of Hazrdous Chemicals

PLANTS CONTRIBUTE IN atmosphere through leaves MICROBES ASSIST
- Extraction of polhutants Phytovolatilization i} ﬂ ﬁ ﬁ 5 - Promotion of plant
- habitation of microbes ‘\ hicaas growth
- phytovolatilization / % Y % " - Orzanic compounds
A ic cover to . Ay 1ol transformation’ enzymatic
water bodies i . P * . ll l‘ a degradation
R 1 Accomularion of
&/ Phicasgradution Phytoextration contaminants into
s . — shoot

e T s R

Floating treatment wetlands reactor with free floating aquaric
q
plants for treating textile effluents

Textile effluents
ejecting from industry
after freeing from
5 hazardous pollutants,
meeting NEQS and
ZDHC industrial
wastewater standards
(after treatment)

Roots of plants play their role

[ 7 —

- provids substrate for beneficial
microbe colonization

- filter suspended solids

- stabilize the dissolved sohds

- uptaks nutrients and other
pollutants

Fig. 1. Schematic view of FTW based phytoremediation mechanism proposed for the remediation of textile
bleaching effluents
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Fig. 2. Plants collection, their storage in tubs and development of their nursery

wastewateri.e. 0:100, 20:80, 40:60, 60:40, 80:20 and
100:0 respectively. After getting immunity the plants
flourished well in pure textile wastewater and
increased their population to double within 10 days.

Collection of wastewater degrading bacterial
strains

Previously isolated and characterised [19] pollutant
degrading bacterial strains, “Bacillus cereus” and
“Bacillus subtilis”, were selected and developed using
general purpose agar media (glucose peptone agar
media) applying dilution plate technique. Inoculation
of media plates was made with soil solution and
these plates were then incubated at 28+2°C for 72
hours. From each soil sample the colony farming
units (CFU/g soil) were calculated. The isolates of
bacteria were examined for their polycyclic aromatic
hydrocarbon biodegrading prospective using Bushnell-
Haas broth in 24-well microtiter plates [20]. The effi-
cacy of these bacterial isolates for plant growth pro-
moting was also verified by testing their ACC-deami-
nase activity through method described by Jacobson
[21]. Performance evaluation of these bacterial
strains in respect to their textile effluent degradation
and plant growth promotion activities has also been
acknowledged in many other studies [22-23].

Hydrogen per oxide (H,0,) enriched bleaching
solution preparation

The bleaching solution of 0.2% concentration was
prepared according to the recipe; Hydrogen per oxide
(H,0,) [50% concentrated solution] and Sodium car-
bonate (Na,CO,) 0.6 g/L.

Designing and development of FTWs

FTWs system was designed in transparent polyethy-
lene containers (39 cm x 28 cm x 20 cm) of 10 liter
capacity. Lab scale treatment reactors were devel-
oped for this research in order to evaluate the perfor-
mance of the selected plants and bacterial strains for
remediation of H,O, enriched bleaching water. Nine
treatment reactors for each color were developed.
Their details are given below:

C = control (only bleaching solution)

T1 = solution + P1 (plant 1; Eichhoriniacrassipes)
T2 = solution + P1 + B1 (bacteria 1; Bacillus cereus)
T3 =solution + P1 + B2 (bacteria 2; Bacillus subtilis)
T4 = solution + P2 (plant 2; Pistiastratiotes)

T5 = solution + P2 + B1

T6 = solution + P2 + B2

T7 = solution + B1

T8 = solution + B2

The reactors according to the above cited details
were developed by vegetating 5 plants of each type
having nearly equal mass in transparent polyethylene
containers. Before vegetation the plants roots were
thoroughly washed. After this the selected bacterial
strains were inoculated in these containers according
to the designed specifications of the reactors. For the
development of plant-bacteria interaction, the plants
were dipped in 500 ml broth of each bacterium for 40
minutes. Then these plants were transferred to each
treatment reactor (figure 3).

Testing of textile effluents

500 ml sample was taken from each reactor after four
retention time intervals (TM1 0 hours, TM2 24 hours,
TM3 48 hours and TM4 72 hours) in transparent plas-
tic bottles after washing them thoroughly with distilled
water and analysis were performed for examining

Fig. 3. Washing of plant’s roots before vegetation and development of treatment reactors
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the effects of selected treatments and retention times
on physicochemical parameters i.e. pH, EC (electric
conductivity), TDS (total dissolved solids), TSS (total
suspended solids), BOD; (biological oxygen demand)
after five days, COD (chemical oxygen demand) for
hydrogen per oxide enriched bleaching wastewater,
table 1, according to standard procedures [24].

Table 1

APHA STANDARD METHODS USED TO EXAMINE
THE WASTEWATER QUALITY PARAMETERS
APHA method
Method 4500-H+B
Method 2510
Method 5220 D
Method 5210 D
Method 2540 C
Method 2540 D

Parameter
pH
Electric conductivity (EC)

Chemical oxygen demand (COD)

Biological oxygen demand (BOD)
Total dissolved solids (TDS)
Total suspended solids (TSS)

Statistical analysis

The statistical tests were conducted using the SAS
program version STAT 9.1 of SAS Institute [25]. All
the selected water quality parameters were analyzed
employing General Linear Model (GLM) whereas
multiple comparisons were made using the least sig-
nificant difference (LSD) test for differences between
means. A significance level of p < 0.05 was used for
all statistical tests. Furthermore, regression analysis
was also carried out in order to analyze the effect of
time on quality parameters of textile wastewater.

RESULTS AND DISCUSSION

pH value of wastewater as affected by various
treatments and hydraulic retention times

LSD (least significant difference) test along with com-
parison of individual treatment means of pH value for

variant retention times are presented in table 2. The
results reflect significantly (o = 0.05) highest value of
pH along column wise for control treatment C (9.64)
and lowest for treatment T2 (9.30). Similarly along
row wise the greatest value of pH was noted for
retention time TM1 (9.87) while lowest value was
observed for retention time TM4 (9.22). These find-
ings clearly indicate a good reductionof 8.8% in pH
value (figure 4,a) of the solution for reactor T2
(Bacillus cereus + Eichhorniacrassipes) at retention
time TM4 (72 hours) when compared with that of con-
trol reactor (C). These results exhibit considerable
effect of Eichhorniacrassipes and Bacillus cereus in
synergy to reduce pH of the bleaching solution.
The analysis of variance (ANOVA) for regression with
respect to time (table 3) for bleaching solution dis-
closed a significant impact (oo = 0.05) on the reduc-
tion of pH of the solution. The regression model so
developed narrated an inverse affect of time on the
pH values at the rate of 0.009. There came high
degree of certainty (r2=0.67) that ensured the best
representation of the data observed by the predicted
equation (1).

pH =9.74 — 0.009 x TM (1)
It is derived from all the above findings that interac-
tive action of Eichhorniacrassipes and Bacillus
cereusis responsible for greater reduction in pH of
bleaching solution and bringing it towards neutral
side matching with the standards set by for industrial
wastewater. This reduction in pH from alkaline side
towards neutral is due to the production of carbonic
acid in solution as a result of degradation of organic
pollutants in the effluents. Similar conclusions were
also predicted in previous studies [26—27] for non-
bleach processes. Additionally the bacterial addition
in this system enhanced the performance of this
mechanism by promoting the growth of the plants
resulting in their ability to take up contaminants.
Moreover, rise in the degradation of organic pollutants

Table 2
EFFECT OF VARIOUS TREATMENTS (T) AND TIME (TM) ON PH VALUE OF BLEACHING SOLUTION
pH
Treatment Mean LSD (0.05)
™1 T™M2 T™M3 T™M4
(o2 9.892, 9.59,° 9.55 2 9.51.2 9.64, 0.0580
™ 9.88,2 9.37,° 9.28 ¢ 9.23° 9.44 0.0580
T2 9.86,2 9.25¢ 9.08 9.02f 9.30; 0.0632
T3 9.87 2 9.31, 9.20 % 9.16,% 9.39,, 0.0595
T4 9.87,2 9.47,° 9.39, ° 9.33 0 9.52, 0.0873
T5 9.85.2 9.30, 9.18 ° 9.13.° 9.37, 0.0685
T6 9.86,° 9.36,° 9.24 cde 9.18 cd 9.41 0.0692
T7 9.86,2 9.33,° 9.26, . 9.20 9.41 4 0.0873
T8 9.88.2 9.35.°¢ 9.27,.° 9.22 9.43, 0.0873
Mean 9.872 9.37° 9.27¢ 9.22d 9.43 0.0207
LSD (0.05) 0.0586 0.0756 0.0611 0.0657 0.0311

Superscripts (a, b, ¢, d, e, f) showed comparison among means vertically in columns and subscripts showed comparison among means
horizontally along rows. Any two values not sharing a letter in common differ significantly at p < 0.05.
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Table 3

ANOVA FOR REGRESSION ANALYSIS FOR TIME FOR BLEACHING SOLUTION
s DF Dep. Var. pH Dep. Var. EC Dep. Var. TDS Dep. Var. TSS |Dep. Var. BOD | Dep. Var. COD
ource
MS P>F MS P>F MS P>F MS P>F MS P>F MS P>F
Model | 1 |5.6427 | 0.0001 (45.3618]0.0001{10069607| 0.0001 | 26882 |0.0001(6283.27|0.0001[6636.02| 0.0001
Error | 106 | 0.0260 0.4063 115907 253.5377 24.4660 45.1909
Corr
Total 107

by these bacteria is due to their metabolic properties
that results in release of organic acids which reduced
the pH of the solution.

Effect of various treatments and hydraulic
retention time on EC value of bleaching solution

The results presented in table 4 regarding the com-
parison of individual mean values of EC was ana-
lyzed statistically by applying LSD test. It indicates
significantly (o = 0.05) greatest value of EC (4.99
dS/m) along column wise for control treatment (C).
While the lowest value of EC (3.80 dS/m) along row
wise was noted for T2 treatment. Similarly for various
retention times the greatest value of EC (5.42 dS/m)
along row wise was observed for TM1 while lowest
value of EC (3.51 dS/m) was noted for TM4.
The ANOVA for regression (table 3) related to time
disclosed a significant (a0 = 0.05) effect of retention
time on the EC value of the solution. The developed
regression model indicated an inverse effect of time
on EC value at the rate of 0.024. The degree of cer-
tainty was found higher (r2 = 0.51) clearly indicating
the best representation of data by the predicted
equation (2)

EC =4.88-0.024 x TM (2)

All these findings clearly exhibit the dominant effect
of Eichhorniacrassipes and Bacillus cereus synergy
to reduce EC value of the solution as compared to
that of other treatment combinations. Maximum

reduction in EC value of 40.63 % was observed for
this combination (T2) (figure 4,b). This decrease in
EC value of bleaching solution under the plant-bacte-
ria partnership is attributed towards the decrease of
soluble salts that might be taken up by the plant
through its root and shoot system. Similar decrease
in EC was also reported previously for non-textile
application [28]. Basically plants provide habitat to
bacteria and in return bacteria add up the plant
growth due to their catabolic activities which
improves the nutrient up take ability of plants through
their root and shoots. This plant-microbe combination
enhanced the reduction of EC value of wastewater.

Effect of various treatments and hydraulic
retention time on TDS value of bleaching
solution

The statistical analysis of data regarding TDS value
of the bleaching solution, table 5, clearly indicates the
significant (o. = 0.05) effect of selected treatments on
TDS. The comparison of individual treatment reflects
highest value of TDS along column wise for control
treatment C (2737 mg/L) while the lowest value for
treatment T2 (1958 mg/L). In the same line the great-
est TDS value was noted for TM1 (2809 mg/L) while
lowest value was recorded for TM4 (1911 mg/L)
along row wise.

The analysis of data applying regression analysis
(table 3) described significant (o = 0.05) effect of time

Table 4
EFFECT OF VARIOUS TREATMENTS (T) AND TIME (TM) ON EC VALUE OF BLEACHING SOLUTION
EC
Treatment Mean LSD (0.05)
™1 T™M2 T™M3 TM4
C 5.44 2 4.89,° 4832 4.802 4.99, 0.0541
T1 5432 3.49,P° 3.43, 3.41 be 3.94, 0.0692
T2 5.402 3.33,f 3.27f 3.23 3.80; 0.0580
T3 5422 3.39,°f 3.34, % 3.31.% 3.87, 0.0541
T4 5.44 2 3.51,° 3.46, P 3.43p 3.96, 0.0610
T5 5.41 2 3.40,% 3.31.°f 3.29 ° 3.85, 0.0645
T6 5432 3.43, % 3.39, . 3.36, 3.90, 0.0541
T7 5412 3.46, P 3.40.° 3.37 ¢ 3.91, 0.0541
T8 5422 3.48,Pc 3.41, ¢ 3.39 be 3.93 4 0.0810
Mean 5.422 3.60° 3.54¢ 3.514 4.02 0.0178
LSD (0.05) 0.0428 0.0654 0.056 0.0583 0.0267
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Table 5

EFFECT OF VARIOUS TREATMENTS (T) AND TIME (TM) ON TDS VALUE OF BLEACHING SOLUTION
TDS
Treatment Mean LSD (0.05)
™1 T™M2 T™M3 T™M4
C 28102 27472 27012 2689, 2737, 5.4081
T1 28092 1920,° 1909 b° 1906 ° 2136, 6.9180
T2 28082 1700,f 1669 9 1656, 1958, 14.7960
T3 28082 1860, ¢ 18152° 1797 ¢ 2070, 19.7250
T4 28102 1968,° 1911.° 1903 P 2148, 19.2930
T5 28082 1760,° 1695, 1683.° 1987, 15.1800
T6 28092 1867,¢ 1823 ¢ 1800 ¢ 2075, 25.2080
T7 28092 1913,° 1889 9 1883 ° 2124, 19.6350
T8 28092 1919,° 1893 1886,° 2127, 24.8190
Mean 28092 19620 1923¢ 19114 2151 5.1945
LSD (0.05) 16.153 17.67 17.522 14.099 7.7918

on TDS value of the solution. The developed regres-
sion model in this respect indicated an inverse rela-
tion between time and TDS value at the rate of 11.38.
The high degree of certainty (r2 = 0.45) ensures the
best representation of the data observed by the pre-
dicted equation (3).

TDS =2560.83 — 11.38 x TM (3)

It is obvious from the results that Eichhorniacrassipes
and bacillus cereus combination under treatment T2
made significant reduction (41.07%) in TDS value of
bleaching solution after 72 hours retention time (fig-
ure 4, ¢). This substantial decrease in TDS is attribut-
ed to plant-bacteria partnership due which plant’s
roots provide more spaces for bacteria attachment.
These spaces also motivate the adsorption and
accommodation in plant tissues for both organic and
inorganic matters while the bacteria presence
enhance the efficacy of these processes due to its
ability to degrade contaminants by transforming and
mineralization.

Effect of various treatments and hydraulic
retention time on TSS value of bleaching
solution

Table 6 depicts significantly (o. = 0.05) greatest value
of TSS (139 mg/L) along column wise at control treat-
ment C and lowest (98 mg/L) at treatment T2. The
overall mean value of TSS along row wise was noted
greatest at retention time TM1 (140 mg/L) and lowest
at retention time TM4 (96 mg/L).
The ANOVA, table 3, highlighted significant (o = 0.05)
impact of time on TSS value of the solution. The
developed regression model in this respect showed
inverse effect of time on TSS at the rate of 0.59 while
the high degree of certainty (r> = 0.50) made the best
representation of data by the predicted equation (4).
TSS =131.61-0.59 x TM 4)

It is clear from all these facts that under the treatment
T2 (Eichhorniacrassipes and Bacillus cereus) high
reduction in TSS value (45.39%) of bleaching solution
was observed (figure 4,d). This high level reduction

Table 6
EFFECT OF VARIOUS TREATMENTS (T) AND TIME (TM) ON TSS VALUE OF BLEACHING SOLUTION
TSS
Treatment Mean LSD (0.05)
™1 T™M2 T™M3 TM4
C 1412 1402 1382 1372 139, 6.92
T1 1402 110,° 102,° 99 be 113, 5.80
T2 139,°2 94, ¢ 81.° 770 98, 6.92
T3 1402 97,° 86.° 81 e 101, 7.65
T4 1402 113,° 105, 104 116, 5.41
T5 139,2 97,° 87.° 83 % 102, 6.92
T6 1402 99,° 88.° 859 103, 8.73
T7 1402 108,° 100,° 97.° 111, 6.10
T8 1402 109,° 1010 99 be 112, 5.80
Mean 1402 107° 99¢ 96¢ 110 1.95
LSD (0.05) 5.86 5.63 7.03 6.05 292

industria textila

M

2019. vol. 70. no. 6




10,00 o 45,00 -
S 900 - —=TM1| | 2 40,00 - ——TM1
g 8,00 4 =fl=TM2 > 3500 - e . = TM2
(&)
T 700 ™3 w 30,00 - ™3
s 6001 —eTM4| | 2500 - —>é=TM4
g 5007 S 20,00
o = : 1
g 4,001 S 1500
S 3,00 = 2 '
< 1,00 - ® 500
0,00 oottty 0,00 - Ordrrd gt
CTIT2T3T4T5T6T7 T8 CT1T2T3T4T5T6T7 T8
Treatments Treatments
a b
45,00 - o 50,00
% 40,00 —t—TM1 % 45,00 ==TM1
- 3500 —m-TM2 | | > 40,00 4 —&—TM2
8 30,00 M3 | | @ gg'gg | ™3
= 2500 - eTM4 | | £ oF ==
£ £ 2500
B & 20,00
= 15,00 = 1500 -
S 10,00 S 0
s U 2 10,00
® 500 2 500 -
R 0,00 OOt rtrorere X 0,00 { Gttt
CTIT2T3T4T5T6T7 T8 CTIT2T3T4TS5T6T7 T8
Treatments Treatments
c d
o 30,00 - . 18.00
% = TM1 3 16,00
= 25,00 1 ——TM2 S 14,00
S 20,00 - ™3| | 8 12,00
£ 15,00 - —eTM4 | | © 10,00 -
c = 8,00
(] < !
% 10,00 - g 6.00
2 500 T 400 -
2 0,00 o = 2 g’gg -
€ e M IsIeTrs ’ CTIT2T3T4T5T6T7 T8
Treatments Treatments
e f

Fig. 4. Percentage ofreduction in physicochemical properties of bleaching solution for various treatments (T)
and retention times (TM)

in TSS is accredited towards the dense root system
of plants that makes availability of more places for fil-
tering, settlement and trapping of suspended parti-
cles. Moreover, the presence of plant growth promot-
ing and pollutant degrading bacteria enhanced this
factor by boosting up plant’s biomass.

Effect of various treatments and hydraulic
retention time on BOD value of bleaching
solution

The analysis of data demonstrated significant impact

(a0 = 0.05) of selected treatments on the BOD value
of bleaching solution (table 7). Highest value BOD
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along column was recorded for control treatment C
(104 mg/L) while lowest value was noted for treat-
ment T2 (93 mg/L). Following the same trend along
row, the highest value of BOD was reflected at time
TM1 (107 mg/L) while lowest one was resulted for
TM4 (87 mg/L).
The regression analysis of data exposed off an inverse
impact of time on BOD value of the solution at the rate
of 0.28 as shown in ANOVA, table 3. The high degree
of certainty (r? = 0.71) stamped the best presentation
of the data observed by the predicted equation (5)
BOD = 107.46 — 0.28 x TM (5)
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Table 7

EFFECT OF VARIOUS TREATMENTS (T) AND TIME (TM) ON BOD VALUE OF BLEACHING SOLUTION
BOD
Treatment Mean LSD (0.05)
™1 T™M2 T™M3 T™4
C 1082 104,20 1032 1012 104, 3.65
™ 1062 99, b° 87.° 85 be 94, 4.71
T2 107 2 95,° 89 de 82 e 93, 4.98
T3 1072 95, ¢ 90, % 86,° 95, 5.41
T4 1082 103,23 93, 85 be 974 5.41
T5 1082 99,°° 90 % 83,° 95,, 6.92
T6 1082 101,20 96, ° 84 ° 97 4 5.80
T7 1082 103,,2° 99,20 86,0° 99,. 6.92
T8 1072 1052 1012 89,P 101, 6.92
Mean 1072 100 94¢ 874 97 1.65
LSD (0.05) 5.15 5.24 4.75 5.72 2.48

All these results unrevealed the best performance of
Eichhorniacrassipes and Bacillus cereus combina-
tion with maximum reduction in the value of BOD
(21.29%) of bleaching solution (figure 4, e). The high
performance of this partnership regarding the reduc-
tion of BOD value could be due to the desirable rate
of oxygen transfer through the roots of plants and
high accumulation of microbes in rhizo/endo sphere
of plants that resulted in degradation of organic pol-
lutants.

Effect of various treatments and hydraulic
retention time on COD value of bleaching
solution

The results in table 8 pointed out significant (o« = 0.05)
effects of all selected treatments on the COD value of
the bleaching solution. The highest COD value along
column (187 mg/L) was noted for control treatment C,
while the lowest value (170 mg/L) was found for treat-
ment T2. Similarly along row the highest value of

COD was noted for TM1 (187 mg/L) and lowest one
was observed for TM4 (167 mg/L).

The effect of time on COD value was analyzed by
applying regression analysis. The results represent-
ed in ANOVA, table 3, and the developed regression
model described significant (o = 0.05) inverse effects
of time on COD value of the solution at the rate of
0.29. The best representation of data ensured by
high degree of certainty (r2 = 0.58), observed by the
predicted equation (6)

COD = 187.10 - 0.29 x TM (6)

These results disclosed the supremacy of Bacillus
cereus augmented Eichhorniacrassipes based FTW
system to have maximum reduction (15.87%) in COD
(figure 4,f) when compared with control treatment
reactor. COD is an important pollutant indicating
parameters and it reflects the amount of oxidizable
contaminants present in wastewater. The reduction in
COD is attached with the decomposition of these oxi-
dizable pollutants due to the addition of oxygen by

Table 8
EFFECT OF VARIOUS TREATMENTS (T) AND TIME (TM) ON COD VALUE OF BLEACHING SOLUTION
coD
Treatment Mean LSD (0.05)
™1 TM2 T™M3 TM4

(o 1892 1872 1862 1862 187, 4.80

T1 1882 172,¢ 165 160 % 170, 5.41

T2 1872 173, 162 159 ¢ 170, 6.59

T3 1882 179,°¢ 167 % 163 0de 174, 6.92

T4 1882 1812 176,° 167 bcd 178, 6.92

T5 1882 178,bed 167 9@ 163 e 174, 5.16

T6 1882 180,° 171, 165 bede 176 6.92

T7 1882 183,20 175, .>° 1680° 179, 10.18

T8 1882 1872 178,° 171 182, 6.32

Mean 1872 180° 172¢ 1674 177 1.94

LSD (0.05) 5.21 6.91 4.78 7.30 2.92
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plants because of their photosynthetic activity as pre-
viously accredited [29]. Moreover inoculation of bac-
teria in the system boosted up this oxidation process
by adding up plant growth that resulted in increase of
photosynthetic activity and increasing of oxygen rate
in the solution as reported earlier [27].

Comparison of results of treated solution with
NEQS and ZDHC standards

A comparison of physicochemical quality parameters
of treated H,O,enriched textile bleaching wastewater
by applying plant-bacteria synergized FTWs tech-
nigue was made with industrial and municipal
wastewater quality standards set by NEQS (National
Environmental Quality Standards of Pakistan) and
ZDHC (Zero Discharge of Hazardous Chemicals).
All the parameters were found within the set limit,

table 9, demonstrating the considerable efficacy of
this technology to clean textile effluents.

CONCLUSIONS

The present study successfully investigates the effi-
cacy of floating aquatic plants and their growth pro-
moting and pollutant degrading bacteria in combined
form by applying FTWs phytoremediation technique
to degrade H,O, enriched bleaching solution of tex-
tile industry. This technique marked itself a plausible
approach to remediate textile bleaching effluents by
making comprehensive reduction in major physico-
chemical parameters of effluent. After 72 hours reten-
tion time the combination of Eichhorniacraccipes
and Bacillus cereus made extensive reduction in pH
(8.80%), EC (40.63%), TDS (41.07%), TSS (45.39%),
BOD (21.29%) and COD (15.87%) values of bleach-
ing solution and consequently, bring them with-
in the limits set by NEQS and ZDHC industrial

Table 9
wastewater standards. This embossed the effi-
COMPARISON OF RESULTS WITH NEQS AND ZDHC cacy of FTWs amplified with pollutant degrading
INDUSTRIAL AND MUNICIPAL WASTEWATER STANDARDS|  and plant growth promoting bacteria to degrade
Toxtile For T2 and TV textile bleaching effluents. Moreover, use of
or an H H H

effluent Units | NEQS | ZDHC floating aquatl_c plants made FTWs technique
properties | Bleaching solution more economical by the involvement of less
oH 9.02 + 0.023 _ 6-10 6-9 mfrastruct_ure. It demons’Frated_ the SU|tab|I_|ty_ of
this technique to be applied directly on existing
EC 3.23£0.017 dS/m - - wastewater ponds, lakes, and drains or even in
TDS 1656 + 3.468 mg/L | 3500 - the running wastewater treatment plants in tex-
TSS 77 £2.312 mg/L 150 | 30-150 tile industry. Hence this technique can be a
BOD 82 + 1.156 mg/L 80 30-150 chemical free, Iegs expensiv_e, aesthetica_llly
CoD 159 £ 2.890 m 150 | 20400 pleasant and sustainable substitute to the exist-
92 mg > ing expensive and complex wastewater tech-

The values in + are the standard errors. niques for textile effluents.
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Investigating the effect of self-cleaning treatment on the air permeability,
stain removal and water repellency properties of functionalized double
jacquard woven upholstery fabrics
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ABSTRACT - REZUMAT

Investigating the effect of self-cleaning treatment on the air permeability, stain removal and
water repellency properties of functionalized double jacquard woven upholstery fabrics

Self-cleaning is the important and required function for the upholstery fabrics. At this research, which was not studied in
the references, nano TiO, coating was appliqued on 18 double faced woven fabrics produced with jacquard weaving
technique with three different weft density, two different raw materials of warp yarns that are polyester and rayon, three
different face weave pattern under the same conditions by using sol-gel method. All fabrics were stained with the same
amount of coffee. Self-cleaning efficiency of the applied fabrics were tested at spectrophotometer by using K/S
(Colour/Strength) values after waiting 6, 12 and 24 hours under artificial sunlight and stain removal ratios were
calculated. The effects of the fibre type, weft setting and weave pattern on the air permeability of upholstery fabrics were
investigated by variance analysis by means of Minitab 17.0. TiO, application caused air permeability reduction of
18-40% in polyester warp fabrics and 30-47% in rayon warp fabrics. It was seen that self-cleaning property can be got
at double faced polyester/cotton and rayon/cotton fabrics by using nano TiO,. After 24 hours sunlight exposure, the
average stain removal rates were found as 74.8% for polyester warp fabrics and 66.7% for rayon warp fabrics. Also, it
has been observed that TiO, application imparts hydrophobic properties to all rayon and polyester warp fabrics.

Keywords: double woven fabrics, nanoTiOzy self-cleaning, sol-gel method, fabric construction, air permeability, stain
removal ratio, contact angle

Investigarea influentei tratamentului de autocuratare asupra proprietatilor de permeabilitate la aer,
indepartarea petelor si impermeabilitate la apa ale tesaturilor jacard duble pentru tapiterie functionalizate

Autocuratarea este o functie importanté si necesara teséturilor pentru tapiterie. In cadrul acestei cercetéri, un nanostrat
de TiO, a fost aplicat, in aceleasi conditii, pe 18 tesaturi cu doud fete realizate prin tehnica de tesere cu mecanism
Jacard, cu trei desimi diferite ale bataturii, doud materii prime diferite pentru firele de urzeald, si anume poliester si
viscoza, trei legaturi diferite pe fata tesaturii, folosind metoda sol-gel. Toate tesaturile au fost patate cu aceeasi cantitate
de cafea. Eficienta de autocuratare a tesaturilor tratate a fost testata la spectrofotometru, prin utilizarea valorilor K/S
(Culoare/Rezistentad), dupa expunere timp de 6, 12 si 24 de ore, sub lumind artificiald si calculul raportului de
indepartare a petelor. Au fost analizate influentele tipului de fibrd, ale desimii in batatura si ale legaturii asupra
permeabilitatii la aer a tesaturilor pentru tapiterie prin analiza variantei cu Minitab 17.0. Aplicarea de TiO, a determinat
reducerea permeabilitétii la aer cu 18—-40% pentru tesaturile cu urzealad din poliester si cu 30-47% pentru tesaturile cu
urzeala din viscoza. S-a observat cd proprietatea de autocuratare poate fi obfinuta la feséturile cu doua fefe din
poliester/bumbac si din viscoza/bumbac cu legaturi identice, folosind nano TiO,. Dupé 24 de ore de expunere la soare,
s-a constatat ca raporturile medii de indepértare a petelor au fost de 74,8% pentru tesaturile cu urzeala din poliester si
de 66,7% pentru tesaturile cu urzeala din viscoza. De asemenea, s-a observat ca aplicarea de TiO, confera proprietati
hidrofobe tuturor tesaturilor cu urzeala din viscoza si din poliester.

Cuvinte-cheie: tesaturi duble, nano TiO?, autocuratare, metoda sol-gel, structura tesaturii, permeabilitatea la aer, raport
de indepartare a petelor, unghiul de contact

INTRODUCTION

Researches and applications of eco-friendly functions
as self-cleaning property has been rising recently by
increasing of awareness to the environment. The
usage of these materials is in electronic, automotive,
glass, dye, construction, textile industry as well as in
various industrial areas like filters, packaging, metal
anticorrosion, etc.

The semiconductor photo catalyst technology is the
most efficient method which is favoured at decreasing
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of the nature pollution. At this technology, which can
be activated by the help of sunlight, TiO,, ZnO,
Fe,O,, CdS, WO,, SnO, and ZnS can be used as
photo catalysts. The semiconductors can mineralize
the adsorbed biodegradable organic compounds and
convert to CO, and H,O by using sunlight [1].

The most common photo catalyst in textile is TiO,,. It
gets ahead because of many advantages like (1) its
low toxicity, (2) applicability at ambient temperature
and pressure, (3) mineralization ability of organic
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compounds without bringing on a secondary pollu-
tion, (4) low operation cost, (5) ability to destroy vari-
ous pollutant, (6) activation capability under indoor or
outdoor light [1].

Self-cleaning surfaces can be appliqued by several
methods like electrospinning, etching, moulding, etc.
[2]. Besides, by coating method (dip-coating, spin-
coating, spray-coating), it can be appliqued to all sur-
faces in a cheaper and faster way. Another coating
method is sol-gel which has wide usage at transpar-
ent coating. By using this method, chemical and
physical properties of chemical compounds can be
adapted according to intended hydrophobicity, stabil-
ity, flexibility and porosity [3].

Qui et al. [4], made experiments about an atase TiO,,
application on cotton fabric by sol-gel process. At
their study, transparent thin film was obtained on fibre
surface with dip-pad-dry-cure process. It is seen that
rigidity was increased by 13% and the air permeabil-
ity was reduced by 0.76% after TiO, treatment. Also
it was tested degradation of coffee, red wine and
curry stains on treated fabrics.

Factors like raw material, yarn properties, fabric type,
knitting structure and fabric thickness effect the air
permeability of fabrics as well as determine their
physical, mechanic, sensory properties [5].

Gupta et al. [6] applied Nano TiO, on the cotton fab-
ric (plain weave; 113 g/m=2; and EPIxPPI, 110x82) by
sol-gel method without using any cross-linkers or
adhesives. It was seen that cotton fabrics after 1 wt%
TiO, application had showed considerable self-clean-
ing activity for coffee stain when exposed to light
for 12—48 hours. They had seen fast cleaning in the
first 12 hours and stabilization after 48 hours. The
decrease in the K/S value on the cotton fabric treat-
ed with the water-treated Nano-solution of TiO, was
64.1% after 12 hours, 73.0% after 24 hours, and
76.5% after 48 hours.

Shahba et al. [7] investigated the effects of weaving
construction of PES fabrics and its blend with cotton
yarn on the self-cleaning efficacy after treatment with
TiO, nanoparticles. Three different blending ratio fab-
rics were formed by using two types of yarn material.
Three kind of weaving construction and picks number
were used for each blending ratio. It was seen that,
the highest degree of self-cleaning properties was
observed with satin-4 weaving construction, whereas
the least degree of self-cleaning was seen at plain
1/1 weaving construction. In addition, intermediate
values of self-cleaning was observed at twill 4/4
weaving construction. It has been observed that in
the same weaving construction, when the number of
peaks was raised from 24 to 36 pick/cm, the self-
cleaning properties of the fabrics showed a decrease
in the degree of self-cleaning. It was also noted that
100% PES fabrics treated with TiO, nanoparticles
have the highest self-cleaning properties compared
to the PES/cotton blend fabrics at the same picks
number and weaving construction.

Ignat et al. [8] used synthesized TiO, nanoparticles
doped with different elements which have shown an
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improvement of the photocatalytic decomposition of
organic pollutant models such as Orange II, Methylene
Blue or ball pen ink in solution or on leather surface
exposed to UV and/or Vis radiations. The use of
doped TiO, nanoparticles on leather surface showed
soil repellency through contact angle increased val-
ues and self-cleaning properties under UV-Vis radia-
tion exposure.

Zhang, Cai and Wang [9] introduced a photocatalytic
material (the nano-sized titanium dioxide) into poly
(lactic acid) (PLA) to produce films with self-cleaning
function. Prototypes containing 0, 5, 10, 15 and 20
wt% nano filler were prepared and then etched with
proteinase K to expose the nano particles on the sur-
face. The self-cleaning function was assessed by the
discoloration of methylene blue (MB) in aqueous con-
dition via a UV-vis spectrophotometer. The samples
containing 15 wt% nano filler could totally degrade
the methylene blue after 24 h UV irradiation.
Although there are many studies on the application of
TiO, on fabric, a similar study comparing fabric con-
struction on the basis of double weaving has not been
encountered. At this study, TiO, had been appliqued
on polyester/cotton, rayon/cotton fabrics which had
various weft density and face weave pattern by sol-
gel method. The changes on air permeability and
self-cleaning properties of fabrics according to their
raw material, weft density and face weave pattern
were investigated.

EXPERIMENTAL

Materials

Acetic Acid (Glacial 100%-EMSURE, Amerikan
Chemical Society, International Organization for
Standardization, Reagents the European Pharma-
copoeia-anhydrous for analysis) and Nitric Acid 65%
(extra pure) were purchased from Merck. Titanium
(IV) Isopropoxide (%97) was supplied from Sigma
Aldrich.

In this research 18 kinds of self-stitched double
woven fabric samples, whose face weave pattern
have been 5s sateen, 10s sateen, 20s sateen and
back weave has been 5s sateen, were been pro-
duced in Mega Textile Industry and Trade Inc. by
Dornier machine with rapier picking mechanism.
150 denier of filament polyester yarn with twist of
160 tpm in S direction and of filament rayon yarn with
twist of 500 tpm in S direction were used as warp
yarns. In addition to this, Ne 30/2 cotton yarn with
twist of 710 tpm in S direction was planned as weft
yarns. Warp settings of fabric samples were 66 cm™",
weft settings of fabric samples were 32 cm™', 35 cm™'
and 38 cm™' [10]. Fabric samples were coded accord-
ing to weft density, raw material of warp yarns and of
weft yarns, face weave pattern as in table 1. The
numbers in fabric codes represent weft densities, raw
materials of warp yarns and of weft yarns, face
weave patterns respectively. These are square unit
weaves, so the number of each warp and weft yarn
interlacing is equal to each other, namely the average
yarn interlacing is equal to number of yarn interlacing.
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The fabric property, the weave interlacing coefficient,
defined by Galceran [11] has been calculated by:

i
KL = ”
Wy X W,

(1)

where j is the number of interlacing points in weave
repeat, w, — the number of ends in weave repeat,
w, — the number of picks in weave repeat.

And also the average float length of warp yarn is
equal to the average float length of weft yarn. The
average float length F has been calculated according
to Ashenhurst [12] by equation (2):

Ry

Fip= T

112

where: R,,, is the weft (2) or warp (1) repeat; t,,, — the
number of warp of weft intersections in the weave
repeat. Type of weave pattern can be seen in figure 1.
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Fig. 1. Weave patterns: a — 5s sateen; b — 10s sateen;
¢ — 20s sateen; d — 5s satin

The technical properties of sample fabrics are intro-
duced in table 1.

Method

Preparing of Sol-Gel

Chemical applied on fabrics was prepared by sol-gel
method at laboratories of YUNSA Worsted and
Woollen Production and Trading Co. Softened water
inside the beaker was put on heater. While it was
being mixed violently with mechanic stirrer at 1200
rom, Acetic Acid, Nitric Acid and Titanium (IV)
Isopropoxide (TTIP) were added into the solution.
Heater was set to 80°C. It is being gone on stirring at
this temperature until homogeny, transparent view
occurs in the solution. A few hours later, TiO, nano-
particles (NP) were obtained [13].

Application Method

The application of the prepared solution on fabrics is
performed at mini stenter which was placed in finish-
ing department of YUNSA Worsted & Woollen
Production and Trading Co. Washed and dried fab-
rics were passed into the solution diluted in the ratio
of /4. After squeezing at 7.5 bar pressurized cylinder,
they were passed through drying and fix cabins at
180 °C with 1 m/min velocity. The velocity of fans was
set at 1800 cycle/min.

Air Permeability Test Method

The fabric samples were conditioned at standard
atmosphere conditions (20+2°C, %65+2 relative
humanity) for 24 hours. Air permeability of fabrics

Table 1
TECHNICAL PROPERTIES OF SAMPLE FABRICS
Number Wef_t Raw material |Raw material| Face weave ) Th_e weave The average
density | of warp yarns |of weft yarns pattern interlacing coefficient float length
1 32 Polyester Cotton 5s sateen 0.4 2.5
2 32 Polyester Cotton 10s sateen 0.2 5
3 32 Polyester Cotton 20s sateen 0.1 10
4 35 Polyester Cotton 5s sateen 0.4 25
5 35 Polyester Cotton 10s sateen 0.2 5
6 35 Polyester Cotton 20s sateen 0.1 10
7 38 Polyester Cotton 5s sateen 0.4 2.5
8 38 Polyester Cotton 10s sateen 0.2 5
9 38 Polyester Cotton 20s sateen 0.1 10
10 32 Rayon Cotton 5s sateen 0.4 2.5
11 32 Rayon Cotton 10s sateen 0.2 5
12 32 Rayon Cotton 20s sateen 0.1 10
13 35 Rayon Cotton 5s sateen 0.4 25
14 35 Rayon Cotton 10s sateen 0.2 5
15 35 Rayon Cotton 20s sateen 0.1 10
16 38 Rayon Cotton 5s sateen 0.4 2.5
17 38 Rayon Cotton 10s sateen 0.2 5
18 38 Rayon Cotton 20s sateen 0.1 10
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was tested in reference to TS 391 EN ISO 9237 stan-
dard.

Textile material is put under the head of test device
the way that it is not wrinkle. 5 cm? experiment space
is placed on the surface of circular fabric holder. The
air vacuum system is run and the test is gone on until
the pressure difference between two faces of the fab-
ric reaches to 200 Pa by gradually increasing the air
flow which is passed from inside of specific area of
the sample. The air flow amount which is passed
from inside of the fabric is recorded as I/(m?-s). 10
tests were done by taking homogeny samples from
side-middle-side areas of the fabrics.
Self-CleaningFunctionality Test Method

Treated fabrics were soiled with 0.4 ml coffee. To
evaluate the self-cleaning functionality of stained fab-
rics, they were left under the artificial sunlight irradia-
tion (xenon arc lamp) for 6, 12, and 24 hours. K/S val-
ues of the stained fabrics were measured before and
after exposing the sunlight by spectrophotometer.
The effectiveness of stain degradation was tested
using Q-Sun light fastness measurement device.
After some periods of time sunlight exposure, the
changes on K/S values of stained fabrics were mon-
itored by Data colour 600 dual-beam spectropho-
tometer.

Statistical evaluation

Obtained air permeability results were analysed sta-
tistically by the help of Minitab 17 program. It was
verified that general linear model of before and after
finishing had worked with 95% precision level. During
variance analyses, it was realized that “*” marked P
values were statistically important for 95% precision
level.

RESULTS AND DISCUSSIONS

The air permeability of untreated and treated fabrics
was tested. The decrease of the air permeability val-
ues of all fabrics after self-cleaning application can
be seen in figure 2. While decreasing ratio at
polyester warp fabrics were seen between 18 and
40%, as for 30-47% at rayon warp fabrics.

f 1000

-— Before

W After
application

Air permabill
g

1 2 3 4 5 & 7 8 9 W N 122 13 MKW B
724 T4 B1E 630 657 703 518 584 €12 1370 1400 1580 1030 1170 1210 744 B85 943
After application 587 353 657 441 479 S04 337 M6 197 955 902 1000 650 G18 832 M5 476 530

Before

Fabric numbar

Fig. 2. The average air permeability of the fabrics
as before and after application

Variance analyses of before and after application on
fabrics are given in table 2.

Interaction comparison graphics of the fabrics before
self-cleaning application are presented in figure 3, a.
As seen in figure 3,a, the air permeability values

5] |
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Table 2
VARIANCE ANALYSES
Before finishing | After finishing
Source
F P F P

Weft density 383.450 | 0.000* | 103.9 | 0.000*
Raw material | 4751 880 | 0.000* | 124.07 | 0.000*
of warp yarns
Face weave 49.700 | 0.001* | 8.89 | 0.034*
pattern
Weft density*
Raw Material 98.500 | 0.000* | 12.02 | 0.020*
of warp yarns
Weft density*
Face weave 2.040 0.254 0.74 0.609
pattern
Raw Material of
warp yarns*Face | 7.450 0.045* | 0.93 0.466
weave pattern

decreased by increasing weft density. When we com-
pare polyester and rayon warp fabrics, it is seen that
rayon warp fabrics which is produced from regener-
ated cellulose fibres as filament, softy and flexible
structure, and has similar touch and brightness prop-
erties with silk had more air permeability than
polyester which has synthetic structure. This is due to
the fact that regenerated cellulous yarn, namely
rayon, is more fibrous and porous than polyester
yarn. Therefore, the porosity of the fabrics woven by
rayon warps increase because of the air pressure
during the air permeability test and these fabrics
become more permeable.
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Fig. 3. Interaction plot of air permeability of fabrics:
a — before and b — after finishing
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At Hristian’s work [14], after testing the air permeabil-
ity of the fabrics woven with Wool, Wool/Polyester,
Wool/Polyester/Dorlastan and Polyester/Rayon
yarns, they had seen that rayon content fabrics had
more air permeability than others.

When the face weave sateen numbers are com-
pared, a rise is obtained at air permeability by increas-
ing the average float length and decreasing weave
interlacing coefficient. As it was expected, it is moni-
tored that the fabrics have more air permeability val-
ues by having more open area on surface.

It can be followed from figure 3, b that the air perme-
ability of all fabrics goes down after self-cleaning
application but the interactions between weft density,
raw material and face weave sateen numbers look
similar at before and after application.

After self-cleaning application, polyester warp speci-
mens showed a reduction of 29.06% in air permeabili-
ty averages, while Rayon warp specimens showed a
reduction of 49.43%. The reason is that there were
more chemical attraction and adhesion at the cellu-
lose-based regenerated fibre, Rayon, than polyester.
Due to the high ratio of polyester crystalline region
and polar structure, the moisture retention is low.
Water molecules can only attach to the fibre surface
in the form of a molecular film layer. It absorbs up to
0.4% moisture at room temperature and under stan-
dard conditions. Because of its structural condition,
the rate of decrease in air permeability was observed
less due to the less adherent coating.

Existence of self-cleaning functionality on the stained
fabrics is tested before and after 6, 12 and 24 hour’s
artificial sunlight exposure. As seen in figure 4, K/S
values of all stained fabrics at 400 nm are falling
down as time passes by.

When we look at first states of fabrics called as unex-
posed, despite the same amount of coffee being
spilled, after 4 hours minimum take-over is seen at
fabric 4 which was woven with weft density of 35,
polyester warp yarns and 5s sateen face weave pat-
tern and fabric 18 which was woven with weft densi-
ty of 38, rayon warp yarns and 20s sateen face
weave pattern.

Among the fabrics exposed to the sunlight for 6 and
12 hours, the ones having the least stain are the fab-
rics 12 and 3 respectively. After 24 hours sunlight
exposure, minimum stain mark is seen at fabric 3
which was woven with weft density of 35, polyester
warp yarns and 20s sateen face weave pattern. The
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Fig. 4. K/S values of stained fabrics at 400 nm
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reason for not seeing any further decrease in the K/S
values of the fabric numbered 12 after 24 hours is
due to the natural brightness of rayon.
To check the self-cleaning ability according to fabric
variety, stain removal percentage was calculated by
using equation (3):

K K

S S.
Exposed % 100 (3)

Unexposed
(ﬁ
S

Stain Removal % =

Unexposed

Pt y \ e Average % Stain removal after &
4 il Bl 2 l“m,*’__# hours

v = Average % Stain removal after 12
v
hours

Stain removal, %
&
!
»

] Average % Stain removal after 24
37 32 37 35 35 35 38 38 38 37 32 32 35 35 35 38 38 38 hours

123 4 567 8 95101112131415161718
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Fig. 5. Percentage change of stain removal due to fabric
variety

As can be followed from figure 5, stain removal ratios
at polyester warp fabrics from 1 to 9 rise with increas-
ing sateen number. We see the highest stain removal
ratios at fabrics which were woven with weft density
of 32 and also that polyester warp fabrics which were
woven weft densities of 35 and 38 give similar
results. When we look at rayon warp fabrics, it is
seen the changes at sateen number did not affect the
stain removal ratio forfabrics woven with weft density
of 32. On the other hand, fabrics woven with weft
densities of 35 and 38, the stain removal falls down
by rising sateen numbers. A slight decline is seen by
increasing weft density at rayon warp fabrics but not
like as being at polyester warp fabrics.

When we compare the stain removal ratios between
polyester and cotton warp fabrics, the results show
us the polyester warp fabrics are able to eliminate the
stains more than the rayon warp fabrics at 32 weft
density. On the other hand, the stain removal ratios of
the rayon fabrics get close to the polyester fabrics
results at 35 weft density. The results show that dif-
ferent removal ratios can be got for polyester and
Rayon fabrics woven with weft density of 38.

All fabrics were soiled with 0.4 ml coffee. The initial
and waited state (6, 12 and 24 hours under artificial
sunlight) of the fabric samples were presented in fig-
ure 6 and figure 7 respectively. The removal ratios
were also promoted with the colour change visuals of
stained fabrics as time progresses.

Besides of self-cleaning property, contact angles
were tested to obtain water repellency effect of TiO,
between polyester and rayon warp fabrics. The
results are given in figure 8. Although rayon yarns
have attraction to the water, rayon warp fabrics give
similar contact angles with polyester warp fabrics
after TiO, application. Since all raw fabrics are

2019. vol. 70. no. 6




9
ey .

: “| | }
;;'l | 1

Fig. 7. Colour change of stained fabrics (10—18)

hydrophilic, all contact images are flat. All treated fab-
rics show hydrophobic property; even some of them
are very close to being super hydrophobicity.

When contact angles are compared according to the
raw materials warp yarn, the arithmetic average of the
rayon warp fabrics was found to be lower 1 degree
than that of polyester warp fabrics, but there was not
found any statistical significance.

CONCLUSION

Air permeability and easy clean ability are the most
desirable features in the upholstery fabrics. In this
work, the double-faced upholstery fabrics are provid-
ed with self-cleaning properties without significantly
reducing air permeability. After TiO, application by
sol-gel method, air permeability values of polyester
and rayon warp fabrics decreased by 29.06% and
49.43%, respectively. To test the self-cleaning fea-
ture, the fabrics stained with coffee were kept under
artificial sunlight. The stain removal values % were
calculated from the K/S values measured in the spec-
trophotometer. Stain removal rates of stained
polyester and rayon warp fabrics exposed to sunlight
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:
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Fig. 8. Contact angle test results of TiO, treated fabrics

were 42.9% and 46.4% after 6 hours, 53.9% and
54.4% after 12 hours, 74.9% and 66.7% after 24
hours, respectively. The K/S values of the rayon warp
fabric do not fall more after a certain period of time,
the reason is that the rayon has natural brightness.
From the contact angle measurements, it was
observed that TiO, application caused hydrophobic
effect on all fabrics which were hydrophilic before the
application; even some fabrics have become super
hydrophobic. Polyester warp fabric with 20s sateen
face weave pattern with 35 weft density and rayon
warp fabric with 5s sateen face weave pattern with 38
weft density were found the most suitable ones to be
used as home textile upholstery fabric which is
desired to be easily cleaned. As a continuation of the
work, different warp and weft yarn raw materials, dif-
ferent face weave patterns can be tried or this work
can also be done in single layer fabrics.
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A new method: the usage of natural zeolite as a killer chemical for hydrogen
peroxide during the hydrogen peroxide bleaching
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ABSTRACT - REZUMAT

A new method: the usage of natural zeolite as a killer chemical for hydrogen peroxide during
the hydrogen peroxide bleaching

In the study, the usage possibility of natural zeolite as hydrogen peroxide Killer during the hydrogen peroxide bleaching
was investigated. Natural zeolite from Gordes region with 30 um particle size was used during the hydrogen peroxide
bleaching of the cotton fabric as a hydrogen peroxide kKiller agent. ICP-MS elemental analysis of the natural zeolite was
performed. Hydrogen peroxide concentration of the bleaching liquor was performed by quantitative analysis. It was seen
that natural zeolite is so efficient to decrease in hydrogen peroxide concentration in the bleaching bath. It is thought that
natural zeolite can be an alternative to antiperoxide enzymes and the other hydrogen peroxide killers which are
commonly used in the industry.

Keywords: natural zeolite, hydrogen peroxide, bleaching, antiperoxide enzyme, peroxide titration, ICP-MS

Metoda noua: utilizarea zeolitul natural pentru eliminarea chimica a peroxidului de hidrogen in timpul albirii

In acest studiu s-a investigat posibilitatea utilizarii zeolitului natural ca agent de eliminare a peroxidului de hidrogen in
timpul albirii. Zeolitul natural din regiunea Gérdes cu dimensiunea particulelor de 30 um a fost utilizat in timpul albirii cu
peroxid de hidrogen a tesaturii de bumbac. A fost efectuata analiza ICP-MS a zeolitului natural. Concentratia de peroxid
de hidrogen a flotei de albire a fost determinata prin analiza cantitativd. S-a observat ca, zeolitul natural este foarte
eficient pentru a scadea concentratia de peroxid de hidrogen in baia de albire. Se considera ca, zeolitul natural poate fi
o alternativa la enzimele antiperoxid si la ceilalti agenti de eliminare a peroxidului de hidrogen, care sunt utilizate
frecvent in industrie.

Cuvinte-cheie: zeolit natural, peroxid de hidrogen, albire, enzime antiperoxid, titrare cu peroxid de hidrogen, ICP-MS

INTRODUCTION

Hydrogen peroxide is commonly used in many prac-
tices such as bleaching, disinfection and oxidation.
Hydrogen peroxide is an attractive oxidizing agent
because its reaction products are water and oxygen.
The most commonly used bleaching method in textile
industry is hydrogen peroxide bleaching because it
produces acceptable reaction products toxicological-
ly and environmentally [1-3].

Even though numerous studies on the degradation of
the hydrogen peroxide were done, the reaction still
could not be figured out completely [4-5]. But the
common opinion is that the ionic degradation prod-
ucts of the hydrogen peroxide have bleaching effect
and radical degradation products cause damage.
Dannacher and Schlenker suggested that the perhy-
droxyl radical ion has a bleaching effect. Hydrogen
peroxide does not have bleaching effect in acidic
environment, bleaching can be realized only by means
of particular auxiliary products. Especially alkali envi-
ronment is required for the conventional peroxide
bleaching. When the alkali is added to the hydrogen
peroxide solution, perhydroxyl anions occur and the
bleaching happens. Sodium hydroxide activates
hydrogen peroxide. Because H* ion which is needed
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for HO,  release neutralizes with the alkali. When
activator and stabilizer are added to the environment
in hydrogen peroxide, it is possible to realize the pro-
cess at a lower temperature, at lower pH, in a short-
er period and with lower peroxide considerations and
in more moderate conditions with more control and
without damaging the fabric. Also, the risk of damage
of the fabric is reduced by removing the hydrogen
peroxide from the environment by means of various
chemicals or antiperoxide enzymes quickly in the end
of the process, and efficiency and quality of the next
dying process is enhanced [5-8].

Zeolite is a mineral which is abundantly found in
nature and of which handling is easier and cheaper
compared to other minerals. Zeolite mineral is a
remarkable mineral due to its high ion exchanging
capacity, adsorption capacity and other features and
its usage area gets larger every passing day. Today,
its main usage areas are contamination control, ener-
gy production, agriculture and stock raising, mining
and metallurgy, paper industry, health sector, deter-
gent industry, besides, it is thought that its usage
area will get larger as a results of the studies carried
out in this respect [9].

Due to outstanding characteristics of zeolite which is
abundantly found in our country, it is important to
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investigate the usage areas of the zeolite the field of
textile finishing and improve the implementation
opportunities, in terms of enabling the eco-friendly
textile production and turning our rich zeolite reserve
into added-value [9].

Finnegan et al. analyzed the degradation of hydro-
gen peroxide by adding zeolite and sodium citrate to
the environment in the process of hydrogen peroxide
bleaching in one of the study they performed in 1998.
It was reported that the zeolite could not prevent the
degradation of the hydrogen peroxide degradation in
an alkali environment, besides it accelerated the
degradation by interact with hydrogen peroxide. It
was suggested that the manganese cations which
are a transfer product between manganese ions of
the sodium citrate and zeolite helped the movement
of the manganese cations towards the zeolite struc-
ture. It was also stated that the change of the sodi-
um citrate quantities in the environment changed the
manganese -citrate complex quantities [10].

In this study, the effect of the peroxide on the hydro-
gen peroxide bleaching was examined.

MATERIAL AND METHOD

In this study, natural zeolite consisting 90% clinop-
tilolite, originating from Gordes region, with 30 pm
particle size was used. Weighing 5 g, 139 g/m?,
100% cotton raw jersey fabric was used in the pro-
cess. The process was carried out by using the pre-
scription written below and adopting the process con-
ditions and process graphic (table 1). In this way, the
peroxide killer effect of the zeolite was analyzed. The
processes were carried out in Termal branded sam-
ple dyeing machine.

During the process, hydrogen peroxide quantity in
the bath assessed iodometrically with 15 minute-
intervals.

Method

In the stage I, 10 ml bleach flotte whose concentra-
tion will be analyzed is acidified with 40 ml, 10% sul-
furic acid solution (H,SO,) in an erlenmayer. After
that, 2-drops of 10% potassium iodide (KI) solution
are added and kept in dark for 5 minutes after 2-3
pieces of ammonium molybdate ((NH,);Mo0.0,,
4H,0) particle added. Meanwhile, H,O, in the flotte
oxidizes an equivalent quantity of iodide (I”) to molec-
ular iodine (l,). In the stage Il, the solution remains
colorless until the first thiosulphate drops to the bath
even though starch is added. However, a dark blue-
black color is seen as soon as the thiosulphate is
dropped. Until the color is disappeared, H,O, con-
centration in the flotte is calculated by titrating with
0.1 N sodium thiosulphate solution and based on the
thiosulphate quantity spent. Every 1 ml 0.1 N sodium
thiosulphate solution spent corresponds to 1.7008
mg H,O, and 0.8 mg active oxygen [11].

RESULTS AND DISCUSSION

When table 3 and figure 1 indicating the peroxide
quantity depending on time from different prescrip-
tions are examined, it is seen that the peroxide con-
traction decreased rapidly during first 15 minutes and
the decrease rate in peroxide concentration reduces
with the extension of the time. However, the degra-
dation rate of hydrogen peroxide in R3 prescription
consisting NaOH and zeolite along with the hydrogen
peroxide in first 15 minutes is higher than the all other
prescriptions. In first 15 minutes, a significant part of

Table 1

PROCESS PRESCRIPTIONS AND PROCESS TERMS

Prescription 1 Prescription 2

Prescription 3 Prescription 4

6 ml/l Hydrogen peroxide 6 ml/l Hydrogen peroxide

2,5 g/l NaOH 2,5 g/l NaOH
pH11 1 g/l stabilizer
FO 1/40 pH11

60 min. at 95°C FO 1/40

60 min. at 95°C

6 ml/l Hydrogen peroxide 6 ml/l Hydrogen peroxide

2,5 g/l NaOH 30 g/l Zeolite
30 g/l Zeolite pH 6

pH11 FO 1/40

FO 1/40 60 min. at 95°C

60 min. at 95°C

Following Processes

10 min. rinse at 95°C
10 min. rinse at 95°C
5 min. cold rinse

Table 2
ICP-MS ELEMENTAL ANALYSIS RESULTS OF THE NATURAL ZEOLITE
Pb Ca Mn Ag Zn Cu Na Fe Mg Al K
mg/10 g | mg/10 g | mg/10 g |mg/10 g| mg/10 g| mg/g |mg/10 g| mg/10 g| mg/10 g| mg/10 g | mg/10 g
Natural | 57| 8907 | 380 ; . - | 2085 | 13450 | 72,52 | 539,84 | 300,76
zeolite
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As a result of applying the data acquired as conse-
quence of the titration to number (1) equality, the
functions in figures 2-5 are obtained and the values
at table 3 obtained as a result of these function lines.

Table 3
THE CHANGE OF THE HYDROGEN PEROXIDE
CONCENTRATIONS
Time | R-1H,0, | R-2H,0, | R-3H,0, | R4 H,0,
(min) (mg) (mg) (mg) (mg)

0 29.764 29.764 29.764 29.764
15 16.1576 17.008 2.5512 17.008
30 12.756 15.3072 1.7008 13.6064
45 11.9056 12.756 1.7008 12.756
60 9.3544 11.0552 1.7008 10.2048
35
0

E 25 e

E 20 \-\

2 15 —_—

= W

2 w0 —_—

[=]

E 5
0

0 15 30 45 60
Time, min.

Fig. 1. Peroxide Quantity in the Baths Acquired
by means of Peroxide Titration

the peroxide in the bath is degraded in R3 prescrip-
tion. The degradation rates and characteristics of R1,
R2 and R4 prescriptions are quite similar. The most
significant difference of R4 prescription from R3 is its
pH. Alkalinity of the R3 prescription (pH11) acceler-
ates the degradation rate together with zeolite.
Degradation rate of peroxide of R4 is lower compar-
ing to R3 prescription, because weak acidic environ-
ment (pH6) of R4 enables the stabilization of hydro-
gen peroxide in spite of zeolite.

Here H,O, oxides zeolite with its oxidizing effect and
degrades itself, turns into water, on the other hand,
the cage structure of zeolite dissolves as a result of
oxidizing [12]. Regarding the antiperoxide enzymes
and chemicals, it is intended to neutralize H,O, as
soon as possible in the end of the process in order to
protect the cotton fabric from being damaged and
eliminate their decreasing effects on dye efficiency,
after H,O, bleaching.

H,O, concentration in the bath was assessed iodi-
metrically in every 15 minutes and point data are
evaluated by means of regression analysis and the
curves in the figures 2—5 were acquired. Due to the
fact that the line functions having the highest correla-
tion coefficient was chosen while determining the line
expressing the degradation ideally, the lines acquired
can be as logarithmic, exponential or polynomial
function. This shows that hydrogen peroxide can be
dissolved in different ways depending on the process
terms and flotte content [13].

In(C,/C,) = —k-t (1)
In this equality, kK shows rate constant of the reaction,

C, — original concentration of the product reacting,
C, — the concentration in the end of the t time.
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Fig. 2. Determining the reaction rate constant of the
degradation of H,O, in Prescription 1
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Fig. 3. Determining the reaction rate constant of the
degradation of H,O, in Prescription 2
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Fig. 4. Determining the reaction rate constant of the
degradation of H,O, in Prescription 3
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Fig. 5. Determining the reaction rate constant of the
degradation of H,O, in Prescription 4
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Table 4

REACTION RATE CONSTANTS OF H,0,

DEGRADATION IN PRESCRIPTIONS
Prescriptions PH k (sn~")-10

1 11 1.34
2 11 1

3 11 7.98

4 6 1.16

According to the table 4, rate constant in Prescription
2 was calculated as 1 when there were NaOH, H,O,,
and stabilizer in flotte. In prescription 3, the degrada-
tion of H,O, accelerated and rate constant reached
1.34 when there were only NaOH and H,0, in flotte
in Prescription 2. There was NaOH, H,0O, and zeolite
in flotte in Prescription 3. In this case, the degrada-
tion of H,O, accelerated and rate constant reached
7.98. When Prescription 2 and Prescription 3 were
reviewed it was seen that average zeolite addition
accelerated the degradation of H,O, almost 6 times
more. This situation shows us clearly that zeolite can
be used as H,O, killer in H,O, bleaching. When
Prescription 4 was reviewed, pH was 6 and the rate

constant was 1.16 in this case when there were H,O,,
and zeolite in flotte, because there was not any alka-
li addition. When Prescription 3 and 4 were reviewed,
it was seen that the rate constant of degradation of
H,O, decreased rather a lot comparing to the alkali
environment when any alkali was not added to the
environment.

CONCLUSIONS

Zeolite is a natural mineral that is water-insoluble.
The fact that zeolite is water-insoluble is a big prob-
lem during its usage in textile finishing processes
because any homogeneous application cannot be
done on the surface of the textile material.

This study shows us that we can use the natural zeo-
lite as hydrogen peroxide killer in hydrogen peroxide
bleaching process, however, there is a need of opti-
mization in terms of preparing the prescriptions, and
a mechanism design which will have a special place
in the machine and which will enable the zeolite to
move through flotte without dissolving in bleaching
bath.

And use of the natural zeolite as hydrogen peroxide
killer in hydrogen peroxide bleaching process is a
better alternative because Turkey has a large amount
of zeolite reserve.
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ABSTRACT - REZUMAT

Fire safety in textile industries — A Review

Over the past decades, textile industries are playing an important role in the Indian economy, and moreover it is the
second largest revenue source for the country. The textile industry is the only industry that offers massive employment
for both skilled and unskilled labour. Fire accidents cost hundreds of workers’ lives and livelihoods along with huge
equipment and material loss. The stipulation of proper safety system would be the only option to increase the production
rate and quality of the product which in turn amplify the profit and good will of the company. In spite of various initiatives
taken to prevent fire accidents in the textile industry, there are still a significant number of fire occurrences in this
industry. Fire accident is the major source of accident in case of textile industries, and preventing the fire accident would
be the first and foremost choice and also it is mandatory to alleviate the fire accidents to safe guard raw materials and
employees. This paper presents a review on various hazards in textile industries. This article intends at studying each
of these issues in textile industries, along with the existing possible solutions for these problems. This study is essential
in exposing safety concerns in factories around the world.

Keywords: cotton, machinery, risk, combustion, precaution

Siguranta privind incendiile in industria textila — studiu bibliografic

In ultimele decenii, industria textild joaca un rol important in economia indiana si, in plus, este a doua cea mai mare
sursa de venit pentru aceasta tara. Industria textild este singura care ofera locuri de munca, atat pentru personalul
calificat, cat si cel necalificat. Incendiile afecteaza sute de viefi omenesti si traiul muncitorilor, alaturi de pierderi mari de
echipamente si materiale. Stipularea unui sistem de siguranta adecvat ar fi singura optiune de a creste productivitatea
si calitatea produsului care, la randul s&u, méreste profitul si bunédstarea companiei. In ciuda diferitelor initiative luate
pentru prevenirea incendiilor in industria textild, existd incd un numéar semnificativ de cazuri de aparifie in aceasta
industrie. Incendiul este principala sursa de accident in industria textila, iar prevenirea acestuia ar fi prima si cea mai
importanta alegere, pentru a asigura paza materiilor prime si a angajatilor. Acest studiu prezinta o analiza asupra
diverselor pericole din industria textila. Acest articol are ca scop studiul fiecarei probleme din industria textila, impreuna
cu solutiile posibile existente pentru acestea. Studiul este esential pentru expunerea problemelor de siguranta in fabricile
din intreaga lume.

Cuvinte-cheie: bumbac, utilaje, risc, ardere, preventie

INTRODUCTION

In India, textile industries play an important role in the
economic life of the country. The GDP generated in
India has been fund to boost up the worldwide busi-
ness to a greater extent as it has brought high rev-
enue. The textile industry contributes 14 percent to
the total industrial production in India and hence
proved itself as leading sector in Indian earning and
it has also claimed to be the biggest revenue earners
in terms of foreign exchange among other sectors in
India. Despite the economic growth and bright
prospects, textile industries are facing challenges in
the form of industrial accidents especially fire acci-
dents [1]. Majority of fire accidents occur as a result
of carelessness and elimination. The fire is the most
unmanageable and the biggest danger to the textile
industry [2]. The main causes of fire include static
electricity, overheating, human error, atmospheric
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conditions and machine failures [3]. The workers are
not aware of health and safety as they are not prop-
erly educated and also the management does not
give due importance to promote Occupational Health
and Safety in textile industries [4]. The problems can
be best avoided by in-depth study and understanding
of the manufacturing process and the environment.
Hazards in cotton industry are of varying degree right
from the inception stage till its finishing process.
Understanding the areas of risks in the storage of
textile materials and goods as well as the related fac-
tors can largely help in the prevention of fire acci-
dents [5]. The textile flammability is generally defined
with processes such as burning rates, flame spread
rates, characteristics for ignition [6]. The thermal pro-
tection of the fabric is influenced by weight, thick-
ness, construction, water vapour, permeability and
these properties are related to each other [7].
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HISTORY AND DEVELOPMENT OF TEXTILE
INDUSTRY

In India, during 400 AD the silk was introduced, while
cotton traces back to 3000 BC [8]. The traditional tex-
tile industry of India was virtually decayed during the
colonial regime. The cotton textile industry, however,
made its real beginning in Bombay, in 1850s. The
cotton textile industry made rapid progress in the
second half of the nineteenth century and by the end
of the century there were 178 cotton textile mills.
Globalization has had a positive impact on textile
exports of India. Countries producing and exporting
textiles have increased investment in spinning and
weaving equipment [9]. The Indian textile and cloth-
ing industry provides a valuable wealth of craftsman-
ship both skilled and semi-skilled work force which is
the major contributor towards the development of
apparel units.

LITERATURE REVIEW

Wan [10] reported on implementing the statutory ele-
ments of an occupational safety and health manage-
ment system model in the working environment of a
textile testing laboratory in Hong Kong and suggest-
ed that suitability of the established occupational
safety and health management system has to be
measured and monitored so that improvements could
be identified. According to Padmini and Venmathi [11]
the causes of fire accidents in Tirupur garment indus-
tries include electric short circuit, faulty electrical
wiring, smoking materials, boiler explosion, kitchen
stove and carelessness. Akhter et al. [12] discussed
problem of health and safety issues of female work-
force of garment industries in Bangladesh based
upon the industry environment, causes of fire acci-
dent and their medical facilities.

Nazia Malik et al. [13] studied the role of hazards
control measures in Occupational Health and Safety
in textile industry using multistage random sampling
technique. Wen-hui Ju [14] summarized the fire safe-
ty aspects referring to a hundred cotton logistics
warehouse fires, based on the relevant provisions of
the cotton logistics warehouse. Although in recent
years, there have been significant efforts to improve
the structural elements of fire safety; there still is a
large scope to improve the fire safety in the textile
industries [15].

MAJOR SECTORS IN TEXTILE INDUSTRY

The world’'s second largest industry is the textile
industry next to agriculture, with massive employ-
ment for both skilled and unskilled labour. Textile
industry includes five major sectors namely ginning,
spinning, weaving, dyeing and garment industry [16].
Despite the benefits, workplace safety in this highly
labor intensive industry is not satisfactory [17].
Ginning industry is the main sector subject to fire
accidents due to reasons like electrical sparks and
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storing of raw cotton in sun light. Smoking in such
areas can cause fire very easily. Textiles that are usu-
ally organic may be readily burnt and can actively
spread flame. Weaving creates a fair amount of lint,
dust and fibre flying which can represent fire hazards
if the fibres are combustible [18]. The fire hazards
found in a dye works are the flammable solvents
used in the processes and certain flammable
dyestuffs. The textile industry produces various prod-
ucts out of different natural and artificial fibres. The
production of cloth holds many risks of fire. Sparks,
glowing embers or overheated particles can be gen-
erated along the entire production chain and easily
cause fire and dust explosions. Fires that broke out in
the storage place of textile materials and textile
goods, especially in open storage places, accounts
for a relatively large proportion in the fire cases
occurred in warehouses.

FIRE HAZARDS IN VARIOUS UNITS OF TEXTILE
INDUSTRY

All the materials that are used in the textile industry
are flammable to some extent. The hazards happen-
ing in the textile industries are mechanical hazards,
physical hazards, chemical hazards, ergonomic haz-
ards and physiological hazards.

In ginning industry, the ginning machine separates
cotton fiber in the raw cotton from the cotton seeds
for making yarn. Electrical problems in the ginning
machine, man made errors, sparks from the machine,
and exposure of cotton to sunlight forms the reasons
for fire incidents.

In spinning industry, cotton fiber is fabricated in to
clothes. Since the raw cotton catches fire easily, the
fire hazards in spinning mills are more when com-
pared to the other sectors of textile industry.

When yarn is passed through electrical heating ele-
ments in yarn singeing machines to burn out the pro-
truding fibers, electrical spark can be caused. In
preparing pigment for printing the fabric, about 70%
of kerosene if used together with other binders. The
printed fabric, containing this percentage of kerosene,
is then evaporated and fabric is dried. Probabilities of
disastrous explosions with resulting fires exist in this
process.

Fires due to electrical faults have been more in cot-
ton industry than any other industry. Cotton fluff is
easily ignited by a spark by a faulty installation, which
could be the cause of a serious fire. Modern machiner-
ies are driven by electricity and require power at high
pressure. Accumulation of heat in the layer of dust
and lint leads to the sudden acceleration of the
exothermic oxidation reactions leading eventually to
fire spots. These fire spots can migrate through a
layer of dust and when they encounter a flammable
substance they can trigger fires [19].
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CAUSES OF FIRE IN TEXTILE INDUSTRY

Industrial fires and explosions cost companies and
governments billions of rupees every year, not to
mention the loss of life, which can’t be described in
monetary terms. The main causes in textile industries
include the following.

Combustible Raw Materials: The basic raw materi-
al used in textile industries is raw cotton which is itself
a combustible material. Cotton is capable of getting
ignited even with a small spark and cotton fire spreads
very rapidly and causes serious consequences.
Other raw materials including bleaching agents, dyes
and chemicals can also cause fire.

Sparks: Sparks find their way into dust collector sys-
tems from the industrial process. They enter through
the hoods and ducts in the collector system.

Type of Building: Nature of construction of a cotton
textile industry may pose fire hazards when fire proof
class of construction is not made and largely
depends on nature of external walls and roof of a
building.

Spontaneous combustion: Due to spontaneous
combustion of coal in the coal yard and excessive
heat in the boiler of the factory, explosion can occur
and subsequently break out in the factory. In thermal
fluid heaters, oil is heated, circulated, recovered and
re-circulated. This process is also susceptible to
explosion hazard and subsequent fire.

Electrical Machineries: Faults in electrical circuits
can easily ignite the cotton fluff which can cause a
serious fire. Heat produced due to the operations of
machineries and electrical installation can lead to fire.

PREVENTION OF FIRE ACCIDENTS IN TEXTILE
INDUSTRY

It is the essential to prevent the fire source from
warehouses through personnel management and fire
protection technology. In case of fire incident, owner,

management, government and employees are
responsible for controlling the same [20].

The precautionary measures to be adopted at the
time of stacking the cotton bales include adequate
ventilation and proper stacking of the bales, temper-
ature and humidity control, equipping the warehouse
with thermometer and hygrometer to keep the tem-
perature below 308 K and the humidity below 70%,
preventing the possibilities of spontaneous heat and
combustion and storing hazardous chemicals away
from non-hazardous chemicals. The transportation
vehicles, storage vehicles, equipment in warehouses
must be installed with flameproof enclosure or choke
to ensure no sparks.

The type of building plays an important role in pre-
venting fire in textile industry. Fire risk can be mini-
mized by avoiding materials like wooden partitions,
roof linings and false ceilings.

The coal storages are to be kept away from the sur-
rounding and boiler houses must be segregated from
the adjacent blocks. Electrical installations must com-
ply with standard requirements and frequent mainte-
nance and inspection of electrical equipments are
required. Good housekeeping practices must be
observed inside and outside the industry to prevent
fire.

Automatic fire alarm systems must be installed to
control the spread of the fire or even extinguish fire
by automatic sprinkler system.

CONCLUSION

The article sums up the fire safety issues related to
textile industries by analyzing the causes and situa-
tions in various sectors of a cotton textile mill leading
to fire hazards. The risk of fire pertaining to the mate-
rials, type of building, manufacturing processes,
machineries and electrical equipments used were
discussed. The preventive measures that can be
adopted to avoid the incidence of fire were also pre-
sented.
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ABSTRACT - REZUMAT

Bivariate analysis of the hydrophobic textiles obtained by plasma treatment

This paper presents aspects concerning the bivariate analysis of the textiles surfaces treated by RF plasma technologies
(Ar RF plasma and SF6 RF plasma) to obtain the hydrophobic effect. Besides this, it was studied the remnant or
temporary hydrophobic effect obtained by polytetrafluoroethylene (PTFE) thin-film by physical vapor deposition (PVD)
technique and SF6 RF plasma technique. In this paper, there are presented the bivariate analysis of the parameters and
characterization of hydrophobic textile samples (cotton 100% with mass 401 g/m?) by investigation of the water contact
angle using the device VCA OPTIMA and resistance to surface wetting by James Heal spray tester. The morphological
modification of the textile was evaluated by scanning electron microscope with magnification x8000. Following these
investigations there has been observed that the treatment with polytetrafluoroethylene is even more harmful to the
environment, offering a hydrophobic effect resistant in time, for approximative 101 days, and the treatment by SF6 RF
plasma confer a temporary effect for 24 hours.

Keywords: plasma, bivariate analysis, hydrophobicity, contact angle, resistance to surface wetting

Analiza bivariata a materialelor textile hidrofobe obtinute prin tratarea in mediu de plasma

Aceasta lucrare prezinta aspecte privind analiza bivariatd a suprafetelor textile tratate prin intermediul tehnologiilor RF
plasmé (RF plasmé Ar si RF plasmé& SF6), pentru a obtine efectul hidrofob. In plus, a fost studiat efectul remanent sau
temporar hidrofob obfinut prin depunerea unei pelicule subtiri de politetrafluoroetilena (PTFE), prin tehnologia de
depunere fizicd sub formé de vapori (PVD) si RF plasma SF6. in aceasté lucrare, sunt prezentate analiza bivariaté a
parametrilor si caracterizarea probelor textile hidrofobe (bumbac 100% cu masa 401 g/m?), prin determinarea unghiului
de contact la apa cu ajutorul dispozitivului VCA OPTIMA si a rezistentei la umezire prin metoda Spray test (James Heal).
Evaluarea modificarilor morfologice a fost realizatd prin microscopie electronicd SEM cu magnifiere x8000. In urma
acestor investigatii, s-a observat ca tratamentul cu politetrafluoroetilena este daunator pentru mediu si confera un efect
de hidrofobizare rezistent in timp pentru aproximativ 101 zile, iar tratamentul cu RF plasma SF6 are un efect de
hidrofobizare temporara pentru 24 de ore.

Cuvinte-cheie: plasma, analiza bivariata, hidrofobicitate, unghiul de contact, rezistenta la umezire

INTRODUCTION

The challenges to finding solutions for surface func-
tionalization by low cost in materials, energy, and
time, boost the research in textile to multidisciplinari-
ty and new versatile technologies such as RF plasma
technology or magnetron sputtering to deposit thin-

technology [15—17] that can be used for obtaining func-
tional surfaces with hydrophobic, hydrophilic, antibac-
terial, electrical, mechanical properties improved.

However, the most commonly used plasma technolo-
gy for textile functionalization, such as hydrophobiza-
tion and hydrophilic [18—-19], still remains low pres-

film on the textile surface. The new approach of PVD
coating on the cotton textile surface [1-3] offers a
new perspective for textile functionalization to obtain
antibacterial [4], the hydrophobic [5—7], hydrophilic or
conductive effect [8-9]. The magnetron sputtering [10]
is high-rate vacuum coating technique for depositing
metals, alloys, and compounds on the materials sur-
face, with film thicknesses. The coating techniques
based on vacuum deposition are chemical vapor
deposition (CVD) [11] and physical vapor deposition
(PVD) [12-14]. By CVD coating technology, a thin
film was obtained by the chemical reaction between
precursors. The inconvenient is that this technique
requires a high-temperature medium. By PVD tech-
nique, the surface can be modified by evaporation
and sputtering. This technique is eco-friendly and dry
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sure RF plasma technology.

EXPERIMENTAL PART AND METHODS

The goal of our experiments was to investigate the
hydrophobic character, permanent or temporary,
obtained by using RF plasma treatments based on
Argon (Ar) and fluoropolymers such as PTFE
(Polytetrafluoroethylene) or plasma treatments based
SF6 (Sulfur hexafluoride). In order to achieve these
objectives there were used several parameters that
define the samples (cotton 100%, mass 401 g/m?)
and experiments such as gas flow rate (15—-120 sccm),
pressure (1.0x10-3— 8.8x10~* mbar), time (5—15 min),
power (40 W; 80 W) and gas type (SF6 or Argon for
magnetron sputtering used for PTFE thin-film deposi-
tion). By RF plasma Ar and PTFE were prepared
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9 samples (P,—P,) and by SF6 RF plasma were pro-
vided 6 samples (P,,—P,5).

To investigate the resistance to surface wetting using
a spray test qualitative method (SR EN ISO 4920:
2013) that allows appreciating, by ISO scale or pho-
tographic scale AATCC, the resistance of the fabric to
surface wetting by water at temperature 21°C. Using
this method several tests were performed during 101
days. Figure 1 presents the values obtained by pho-
tographic scale AATCC during the 101 days for sam-
ples treated with PTFE in Ar RF plasma, and figure 2
presents the values for 3 days for samples treated

with SF; RF plasma. By performing these tests, we
observed that the fabric treated in RF plasma
acquires a temporary hydrophobic character. Also, in
the case of SF; RF plasma, the hydrophobic charac-
ter was active only for 24 h, and after 48 hours the
fabrics become initial hydrophilic characters (figure 2).
However, in case of the treatments obtained by Ar
plasma with thin-film PTFE deposition the hydropho-
bic character (figure 1) was longtime remnant and on
several samples was still active after 101 but with
very weak values.

8

&

Spray test values (Photographic scale AATCC)
s 8

-
L=}

|

14 days 21 days
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1day 2 days 7 days

29 days
Test frequency, days
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| [ 11 i

59 days 92 days
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Fig. 1. Spray tests for samples P,—P, treated in Ar plasma and coated with PTFE
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Fig. 2. Spray tests for samples P,,—P,; treated using SF; RF plasma
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Fig. 3. Contact angles for samples P1—P9 for 3 days
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Fig. 4. Contact angles for samples P10—P15 for 3 days

Also, we analyzed the contact angle for samples with
hydrophobic properties obtained by Ar RF plasma
with thin-film PTFE (figure 3) and SF; RF plasma (fig-
ure 4). The thickness of the PTFE thin-film was var-
ied using the argon flow injected during the sputter-
ing process (in the range 80—-120 sccm), and respec-
tively by the deposition time (5—15 min).

The hydrophobic effect of the coated textile surfaces
was investigated by the water contact angle using the
device VCA OPTIMA (figure 5) according to ASTM
D7490-08 (table 1) and spray rating tester (resistance
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Fig. 5. Optima VCA — contact angle test

to surface wetting tester — figure 6) from James Heal
according to SR EN I1SO 4920/2013 (table 1).
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The morphological analysis
was performed by using an
electron scan microscope
(SEM) with a view at 50 um
scale with  magnitude
X8000 to highlight the mor-
phological modifications
(figure 7).

From all samples treated by
RF plasma, the samples
(M-etalon sample, P8, and
P9 are samples coated by
PTFE and Ar RF plasma
technology) with the best
values obtained to resis-
tance to surface wetting
test after 101 days, respec-
tive to water contact angle
are presented in table 1.

Fig. 6. Resistance to
surface wetting tester
James Heal

Etalon (M) P6

fix) =a*x* + b3 +c*% +d*x +e 2)

where: x = Pg, f(x) = Ry, a=-26.82; b=3.213;
c=89.43; d=-6.259; e = 23.67.

Besides, analyzing the covariations (cov) cov(Rgy,
Psre) (3) between resistance to surface wetting (Rg,)
and work pressure (Pg.,), respective cov(Rg,,, O ggp)
(4) between Ry, and gas flow rate (Qge) we
observed that resistance of surface wetting is in
inverse proportionality report with both gas flow rate
and gas pressure. That means that at the increasing
of the values for pressure, respective floe rate, the
resistance of surface wetting will have a decreasing
trend.

0.0000  —0.0011
V(R Psrs) = | _g 0011 316.6667‘ )
87.5000  -85.0000

(4)

coV(Rs Dsrs) =| 50000  316.6667

P8

Fig. 7. Morphological analysis for samples P6, P8, and P9 in comparison with the etalon

Table 1 By analyzing data for samples treated

with RF plasma Ar (Argon) and PTFE, we
SAMPLE WITH HYDROPHOBIC CHARACTER OBTAINED IN observed that these could not provide a
PLASMA AND PERSISTENT HYDROPHOBIC CHARACTER FOR bivariate linear analvsis and a multivari
APPROX. 100 DAYS _ ys
ate analysis of data (figure 10) was per-
Tests Results Standards formed. Figure 10 presents the multivari-
M P8 P9 ate analysis graph for resistance to
Resistance |Degree scale surface wetting (photographic scale
1SO 0 2 2.5
to surface SRENISO AATCC) depending on gas volume (V)
wetting Photographic | 70 | 75 4920/2013 (5) during the experiment time (f) and
(Spray test) |scale AATCC
pressure (P,,).
Contact angle <1 [142.4|138.6 | ASTM D7490-08

BIVARIATE ANALYSIS OF THE EXPERIMENTAL
DATA

We used bivariate analysis (figures 8 and 9) of two
variables (resistance to surface wetting reported to
gas flow rate and pressure) to investigate the depen-
dence or the difference between two variables.

By bivariate analysis the resistance to surface wet-
ting (Ry,) = (D gg) resulted the linear model (1):

fix) =a*>>+b*x* +c*+d**2+e*x+f (1)

where: x = CDSFG; fix) = Ry,, a=-50.61; b =-14.04;
c=128.9; d=40.65; e =-74.43; f = 39.67.

By bivariate analysis the resistance to surface wet-
ting (R,) = f(Pg) resulted the linear model (2):
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VAr= CDAr *t (5)

By multivariate analysis of the parameters, the resis-
tance to surface wetting (R, = f(P,, V,,) resulted the
linear model (6):

f(x,y) = a + b*x + c*y + d*x* + e*x*y + f*y>  (6)
where: R, =f(xy), x=V,; y=P,; a=66.15;
b=-2.992; c=7.208; d =8.75; e = —2.059; f=—4.913.
By analyzing the covariations cov(Rgy,P,,) (7)
between resistance to surface wetting (Rg,,) and work
pressure (P,,), respective cov(Rg,, V,,) (8) between
R,, and gas volume (V,,) we observed that resis-
tance of surface wetting is in direct proportionality
report with gas volume, respective gas pressure, but
the most substantial influence has the gas volume
inserted in plasma installation.
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* Resistance to surface wetting = f (gas flow rate)
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Fig. 8. Bivariate analysis — resistance to surface wetting (R,,) depending on the SF6 flow rate ({ gc)-samples
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CONCLUSIONS

The hydrophobic effect obtained by RF plasma tech-
nology has a temporary character (2-101 days) and
has the advantages of reducing environmental waste
and that it is a clean procedure. The substances used
in plasma treatment are already reported harmful to
human health. The resistance to surface wetting
depends on the gas flow rate, time, and work pres-
sure. In case of the samples treated by Ar RF plasma
and PTFE was observed direct dependence between
the resistance to surface wetting and the variations of
gas volume, respective gas pressure used during the
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experiment. However, in the case of the samples
treated with SF6 RF plasma it was observed an
inverse dependence between the resistance of the
surface wetting and the as flow rate or gas pressure
variations during the experiment. Concerning the
durability of the hydrophobization treatment it was
observed that in case of the samples treated with
SF6 the effect was temporary only for 24 hours, and
after 48 hours was observed that samples become
hydrophilic. Also, in case of the samples treated with
Ar plasma and PTFE film deposition, the samples
acquire a longtime hydrophobic effect, the last obser-
vations, after 101 days, indicating for two of the sam-
ples a remnant weak hydrophobic effect. In conclu-
sion, the resistance to surface wetting and contact
angle values are in a strong dependence, and the
principal influence factors are time, drop speed, gas
type, and temperature.
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Fig. 10. 3D representation — resistance to surface wetting (R;,,) related to the gas volume (V,,) and gas pressure (P,,)
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ABSTRACT - REZUMAT

Aspects concerning the mathematical distribution of metal microparticles on the textile surfaces
with electroconductive properties obtained by printing method

This paper presents the aspects concerning the mathematical distribution of metal microparticles on the textile surfaces
to model the electroconductive properties of the textiles obtained by a printing method using electroconductive paste
based on polyethylene glycol (PEG)/polyurethane (PU) and micro/nanoparticle (nickel, silver, and copper). A direct
relationship between surface conductivity and surface pH and an inverse relation surface resistance and pH was
observed. Besides this, in this paper, we analyzed the dependences between conductivity, pH and surface resistance
by using covariance between two vectors (cov(pH, Rs), cov(C, pH), cov(C, Rs)). The purpose of this research is to
define a particles distribution that could be useful in establishing the correct distribution of the microparticles for obtaining
the surface with antistatic/dissipative, and conductive properties for sensors or electromagnetic shields.

Keywords: textiles, electroconductive, plasma technology, microwave, printing, coating, padding

Astecte privind distribufia matematica a microparticulelor de metal, cu proprietati electroconductive depuse
pe suprafata textila prin printare

Aceasta lucrare prezinta aspecte referitoare la distributia matematica a microparticulelor de metal pe suprafata textila,
in scopul modelarii proprietatilor electroconductive obtinute prin metoda printarii pastei conductive pe baza de
polietilenglicol (PEG)/poliuretan (PU) si micro/nanoparticule (nichel, argint si cupru). S-a observat o dependenta directa
intre conductivitatea suprafetei si pH si o relatie de dependentd inversa intre rezistenta de suprafata si pH. In plus, in
aceasta lucrare s-au analizat dependentele dintre conductivitate, pH si rezistenfa de suprafata, prin intermediul
covariatei intre doi vectori (cov(pH, Rs), cov(C, pH), cov(C, Rs)). Scopul acestei cercetéri a fost de a defini distributia
particulelor, care ar putea fi utila in stabilirea unei distributii corecte a microparticulelor in scopul obfinerii de suprafete

cu proprietati antistatice/disipative si conductive, pentru senzori sau ecrane de protectie electromagnetica.

Cuvinte-cheie: materiale textile, electroconductiv, tehnologia plasmei, microunde, printare, fulardare

INTRODUCTION

The functionalization of the fabrics is based on pre-
treatments by microwave [1-3] or RF plasma [4-6],
followed by treatment for the submission of micro/
nanoparticles dispersion/paste by padding method
(foulard) [7], thin film deposition or direct printing
[8-9]. Also, another approach consists of using RF
plasma technology to improve the electrical conduc-
tivity of the fabric by carbon nanotubes functionaliza-
tion on poly(ethylene terephthalate) [10-11]. The con-
tent of micro/nanoparticule of solution/paste influence
finally the electroconductive properties of the surface.
Thus, increasing the content of micro/nanoparticles
can lead to the effect of the electroconductive sur-
face, when using a low content of micro/nano.

The padding method [7] consists of immersing the
textile material in solution or dispersion and squeez-
ing between the drive cylinders and squeezing. By
immersion of the textile in dispersion based on metal
micro/nanoparticles the distribution of the micro/
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nanoparticles will be on both sides of the material, by
one or more than one pass. These metal micro/
nanoparticles can lead to antistatic or dissipative
effects. Another method used to improve the electri-
cal conductivity of the composite materials consists
of mixing sol-gel method and padding technique
using organo-silicon sol with graphene particles [12]
or using a “dip and dry” method for textile coating with
graphene oxide [13]. Besides, it can be used coating
polyester fabric with polypyrrole and doped with
graphene oxide [14] in order to obtain conductive
polyester fabric.

Fabric coating [15], also named knife coating [16] or
doctor blade [17-18], means the application of one or
more thin-films using a knife moving over blanket
[18]. Based on this method, the thin-film can be
applied on one side or both sides of the textile prod-
uct.

For the submission of micro/nanoparticle by printing
[19] using polymeric pasta containing metals (particle
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size nano and micro) a metallic or PES screen is
used. The method of printing conductive material is
the fastest finishing method with low energy con-
sumption and costs. The most used techniques of
print are printing on the rotary film, printing on flat film
and thermal transfer printing.

To reduce the wastewater and carbon footprint can
be used RF plasma oxygen or argon to improve the
hydrophily of the fabric and the deposition of the
metallic micro/nanoparticles using padding, coating,
or screen printing [20].

EXPERIMENTAL PART

To obtain the textile models functionalized by sub-
mission of nano/microparticles there were used stan-
dard technologies such as padding method, coating
and printing, and advanced technology (microwave)
for textile drying and polymer cross-linking. To obtain
the electroconductive properties there were used
several polymers, such as polyurethane (PU),
polyethylene glycol (PEG), and polyvinyl alcohol
(PVA) with the content of silver (Ag) micro/nanoparti-
cles.

In our experiment based on the padding method, we
used dispersions based on polyethylene glycol
(PEG) with Ag nanoparticles (<150 nm), copper (Cu)
microparticles (14—75 um) and nickel (Ni) (< 50 ym).
These samples with different compositions of the
metal micro/nanoparticle have been determined the
conductivity and pH of the solution (1).

Also, in the laboratory it was tested the surface resis-
tance of the ratio of the direct voltage applied
between the two parallel electrodes on the surface of
a test-pieces and the current between these elec-
trodes, neglecting any phenomena of polarization
of the electrodes, as described in table 1.

C=G*k (1)
where:

C is the conductivity of the paste [uS];

G — the conductance of the paste [S];

k — the constant of the sensor, k = 0.1 cm™
For thin-flm deposition a laboratory coating device
type SV was used. Using the coating method for
deposition of the thin-films based on polyurethane (PU)
and alcohol polyvinyl (PVA), with Ag, microparticles
(2-3.5 ym), Ag, (<45 um), Ni (<50 pym), Cu (14-75
um) and graphite (C) there were obtained the textile
surface functionalized according to table 2.
For experimental models obtained by the coating
method based on microparticle (figure 1) the resis-
tance of the surface has been measured using the
appliance PROSTAT PRS 801 [21] (figure 2) and val-
ues in the range of values specific to conductive

Fig. 1. Thin-film based on metal
microparticle deposition using laboratory
coating device type SV

Table 1
INPUT DATA — PRINTING PROCESS
Sample | Ag Ni Cu PEG | Ethanol | H,0 Conductivity C pH Surface resistance Rs
(pS) (Q)
1 X X X 155 5.9 1.3x1010
2 X X X 191 7.5 1.2x10°
3 X X X 268 71 1.1x10°
4 X X X X 129 5.4 1.4x10"
5 X X X X X X 164 5.7 1.2x1010
Table 2
TEXTILE SURFACE WITH THIN-FILM DEPOSITED
. Synthetic Surface resistance Rs
A A
Sample 94 9, Cu Ni PU PVA C thickening agent Q)*
1 X X X X X 2.3x10" + 6.6%x105
2 X X X 2.0x10"0+ 4.0x1012
3 X X X 1.9x1070 + 3.1x1012
4 X X X X X 2.9x10"2 + 5.9x1012

* Minimum and maximum limits of the resistance values of the surface obtained by individual measurements
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Fig. 2. Surface resistance measurement
for sample coated

materials (10?—10°) were obtained. In addition, for these
samples the main physico-mechanical characteris-
tics that are presented in table 3 have been evaluated.

Table 3
PHYSICO-MECHANICAL CHARACTERISTICS FOR
SAMPLE NO. 1
Mass |Thickness Air Surface
Sample permeability | resistance
[g/m?]| [mm] (I/m?/sec) Rs (Q)*
2.3x10" =
1 596.5 0.821 16.28 6.6x105

* Minimum and maximum limits of the resistance values of the
surface obtained by individual measurements

Also, it was used the morphological analysis by elec-
tron microscopy in order to present the surface of the
before metal particles deposition (figure 3) and after
metal nano/microparticles deposition (figure 3, b).
Using printing technology, with paste containing Cu
microparticles (14—75 pm), Ni (<50 pm), Ag (245
pum graphite), graphite (C), PVA (polyvinyl alcohol)
and synthetic thickener, samples have been carried
out following table 4.

Controlled drying of the samples (30 seconds—
1 minute) has been carried out in the field of the

Fig. 3. Textile sample analysis based on electron
microscopy: a — initial textile sample;
b — textile surface coated with a thin film

microwave power generated by a high voltage gen-
erator (magnetron) which converts the current contin-
uously into radiofrequency energy (frequency 2.4
GHz, power 700 W).

RESULTS AND DISCUSSIONS

In figure 4 is presented the representation of the 3D
surface resistance of the samples obtained by
padding method in the function of the pH and disper-
sion conductivity using Matlab software and multi-
variate analysis of the surface resistance (Rs) in the
function of the dispersion conductivity (C) and pH.

Table 4
FUNCTIONALISED SAMPLES BY MICROPARTICLE
SUBMISSION USING PRINTING METHOD
Sample| Cu | Ni | Ag |PVA| C Thf;‘:::"g
M1 X X X
M2 X X X X X
M3 X X X X
M4 X X X X
M5 X X X X
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Fig. 4. 3D representation of the surface resistance
according to the pH and dispersion conductivity
(Rs =f(C, pH))

Based on analysis of the covariation between pH, the
surface resistance (Rg) and the dispersion electro-
conductivity (C) (2, 3, 4) it was demonstrated that
between the surface resistance and pH it is an
inverse proportionality, and between the pH and dis-
persion conductivity it is a direct proportionality.
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For the assessment of the electromagnetic shielding
effectiveness (SE ) the fabrics have been cut in the
shape with an outer diameter of 100 mm and an inner
diameter of 30 mm to be able to be fitted inside the
measuring cell used. After they have been cut, on the
edges of the samples has been coated with conduc-
tive paint based on the silver to ensure a suitable
electrical contact with the measuring cell. The tests
have to be performed at a temperature of 22°C and
humidity 40%. For the investigation of the electro-
magnetic shielding attenuation [22-23], we have used
the following specific equipment (of the equipping
INCD-ICPE-CA): coaxial cell model TEM 2000 (figure
5); oscilloscope Tektronix MDO model 3102; power
amplifier Model SMX5; signal generator type E8257D.
To evaluate the electromagnetic shielding efficiency
the Schelkunoff equation (5) it was used:

SB,z =10 Iogmﬂ (5)
P,
where:
P, [dB] is the power of the signal detected in the
absence of the electromagnetic screen;
P, [dB] — the power of the signal detected in the
presence of the electromagnetic screen.

Coaxial TEM Cell
D Sample
/|
/
ES.ignal Generatog Receiver |
J{f-\\'l
|I f"ﬁ I|
|V

Fig. 5. Schematic representation of the sample
and coaxial measuring cell TEM 2000

SE 5 represents the difference between the mea-
sured signal without the sample and the signal level
measured with the sample mounted inside the cell,
and both measured in dB (according to the standard
IEEE Std 299-2006). The tests were based on the fol-
lowing standards: ASTM D4935-89, ASTHMA ES7-
83, IEEE Std 299-2006. The electromagnetic shield-
ing effectiveness depending on the frequency in the
field 0.3 MHz—1GHz is presented in figure 6. During
the investigation for electromagnetic shielding, only
the samples M4 and M5 have proved useful.
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Fig. 6. 2D representation of the electromagnetic
efficiency attenuation vs. frequency

CONCLUSIONS

As a result of the evaluation of the results (experi-
mental models) the textiles with electroconductive
properties can be classified as a conductive, antistat-
ic, or EM shields.

The experimental models obtained by padding
method with dispersions based on Ni microparticles
in polyethylene glycol, have the best antistatic prop-
erties because the resistances of the surface for the
samples are within the range of 10° to 10", It can be
concluded that the experimental models obtained by
the padding method have the surface resistance
within the range specific to the materials with anti-
static properties (1.0x 105 — 1.0x 10"2).

The experimental models obtained by printing based
on polimeric solutions (alcohol polyvinyl and
polyurethane) with graphite and Ni microparticles
content present the best value for the electromagnet-
ic shielding effectiveness (SE ,z).

The experimental models made by thin film deposi-
tion based on silver microparticles dispersed in the
polymer such as polyurethane (PU) and alcohol poly-
vinyl (PVA), show the lowest values for resistance
(2.3x10" — 6.6 x 10°) and the most significant default
values for the electrical conductivity having the
potential for use for the constituents of the sensors.
In conclusion, the increase in the pH value or the
amount of conductive microparticles particle caus-
es an increase in conductivity of the solution,
which leads by default to obtain conductive surfaces
with low surface resistivity. The surface resistance
variation for the same sample can be explained by
the fact that the distribution of the nano/microparticle
in pastes used for printing/coating or in the disper-
sions used for padding method is not uniform.
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Predicting the fabric width of single jersey cotton knitted fabric
using appropriate software
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ABSTRACT - REZUMAT

Predicting the fabric width of single jersey cotton knitted fabric using appropriate software

Prediction of any property of the material has attracted the attention of many scientists all over the world in order to
produce better products. Information Technology (IT) field has many applications and plays dominant role in the
production of various products in the industry. Knitted fabric should satisfy a number of requirements of consumer. Fabric
width is a very important property which affects knitted fabric comfort properties. The deviation from the fabric width will
either lead to more consumption of raw material or affect profit of the company. Hence, controlling the width of the fabric
has an adverse effect on company’s profit and usage of raw materials. An investigation of the prediction of the width of
the single jersey coftton knitted fabric in a fully relaxed state using Data mining technique in Rough set Computational
based Priority Prediction Model (RCPPM) is reported. The inputs were yarn count, machine diameter, required GSM,
machine gauge, actual yarn count, lea weight, lea strength, twist multiplier, loop length, course per cm, wales per cm,
length shrinkage, width shrinkage, and fabric width. The real-time textile dataset consisted of 7,505 single jersey cotton
knitted fabric samples. The results showed that the fabric width obtained by using aforesaid model was found to yield
very accurate values and compared favourably with the measured ones. This study will lead to the production of the
knitted fabric with better comfort and dimensional stability.

Keywords: data mining, dimensional stability, IT, prediction model, rough set, textile dataset

Proiectarea latimii tricotului glat din bumbac utilizind software-ul adecvat

Predictia oricarei proprietéti a materialului a atras atentia multor oameni de stiintd din intreaga lume pentru a obtine
produse performante. Domeniul Tehnologiei Informatiei (IT) are multe aplicatii si joaca un rol dominant in fabricarea de
produse diverse din industrie. Materialul tricotat ar trebui s& satisfaca o serie de cerinte ale consumatorului. Latimea
tricotului este o proprietate foarte importanta, care influenteaza proprietatile de confort. Abaterea de la latimea tricotului
va conduce fie la un consum mai mare de materie primd, fie va afecta profitul companiei. Prin urmare, controlul latimii
tricotului are efect negativ asupra profitului si utilizarii materiei prime ale companiei. Este studiata predictia latimii
tricotului glat din bumbac intr-o stare complet relaxatd, folosind tehnica de extragere a datelor in Modelul de predictie
cu prioritate bazat pe calcul aproximativ (RCPPM). Intrérile au fost reprezentate de finetea firului, diametrul masinii,
GSM-ul necesar, finetea masinii, finetea reala a firului, masa, rezistenta la tractiune, multiplicatorul de torsiune, lungimea
buclei, randuri per cm, siruri de ochiuri per cm, contractia lungimii, contractia latimii si latimea tricotului. Setul de date
real a constat din 7.505 de probe de tricot glat din bumbac. Rezultatele au arétat ca latimea tricoturilor obtinute prin
utilizarea modelului mentionat anterior a inregistrat valori foarte precise si comparabile cu cele masurate. Acest studiu
va duce la producerea de tricoturi cu propritati imbunéatétite de confort si stabilitate dimensionala.

Cuvinte-cheie: extragerea datelor, stabilitate dimnesionald, IT, model de predictie, set aproximativ, set de date

INTRODUCTION

It is very important to take into account the optimum
width of the knitted fabric for tailoring purposes.
Changes in fabric width will have an adverse effect
on the comfort properties of fabrics and spoil the rep-
utation of the company that manufactures them. The
software for predicting fibre areal density was devel-
oped by Gravas et al. [1]. Panda et al. [2] dealt with
the prediction of fabric width of single jersey cotton
knitted fabrics by an artificial neural network. A num-
ber of publications on soft computing, data mining

calculated for single jersey cotton knitted fabric using
the following formulae [15]

Fabric width (cm) = (1)
= number of needles * wale spacing

Fabric width (cm) = course length / K ,,,
where course length =n * |

)

(n — number of needles, / — loop length in cm, K ,—
fabric dimensional constant)

Fabric width (cm) = (3)

techniques and others are available [3—12]. Kalkanci
et al. [13] have predicted the dimensional change in
finished fabric through an artificial neural network.
The usefulness of the Starfish technique has been
pointed out by Hossain et al. [14]. The fabric width is

industria textila

EI

= number of needles *yarn diameter (cm) *4

This paper is concerned with the prediction of fabric
width using new approaches such as rough set and
data mining technique which have not been exploited
by previous research workers.
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EXPERIMENTAL

For this study, extensive data were collected from
Tirupur knitting units. From those data, we have
taken 7,505 fabric sample values of dataset. The
summary of the dataset is given in table 1. It should
be mentioned that all the fabric samples considered
are plain jersey, jet dyed and made of 408 (15 Tex)
carded cotton yarns in a ring frame. They were fully
relaxed as per the Starfish recommendations. Out of
7,505 fabric sample values of dataset, one group
consisted of 6,432 fabric sample values of dataset
using for the software learning (training purpose) and
another group consisted of 1,073 fabric sample val-
ues of dataset for testing purposes. A list of parame-
ters used for training and for testing is given in tables
2 and 3.

Rough Computational based Priority Prediction
Model (RCPPM)

Data science is a process used to discover hidden
patterns from a large amount of data using statistical
and machine learning approaches. Data science
classification techniques are used in a number of
applications like customer analytics, marketing ana-
lytics, water quality analytics, healthcare analytics,
textile production analytics, manufacturing analytics
and textile waste analytics. The proposed idea is to
predict the fabric width based on the various param-
eters of textile data using rough computational based
priority prediction model (RCPPM). A novel Gaussian
Bayesian method is one of the important data sci-
ence classification methods which are used to devel-
op the proposed prediction model. Figure 1 shows
the architecture of the proposed framework.

Table 1
SUMMARY OF PARAMETERS OF ENTIRE DATASET (FOR 7,505 FABRIC SAMPLES)
Parameters Mean Star_\d?rd Maximum Minimum
deviation value value
Nominal linear density (tex) 14.76 - 14.76 14.76
Actual linear density (tex) 15.32 0.33 17 14.10
Lea weight (gms) 1.68 0.04 1.87 1.55
Lea strength (Ibs) 57.29 8.27 78.49 0 (due to missing values)
Twist multiplier (tpcm* tex?-5) 35.10 0.38 36.98 33.68
Loop length (mm) 218 0.05 242 2.01
Course per cm 24.98 0.72 27.98 21.67
Wales per cm 18.31 0.39 19.88 16.48
Stitch density (cm?) 457.71 23.05 556.30 357.22
Tightness factor (tex%-% * mm~1) 1.80 0.03 1.87 0.02
Length shrinkage (%) 4.99 0.06 5 0 (due to missing values)
Width shrinkage (%) 4.99 0.06 5 0 (due to missing values)
Machine diameter (inches) 18.99 0.22 19 0 (due to missing values)
Machine gauge (inches) 23.99 0.28 24 0 (due to missing values)
Actual GSM 152.43 2.1 157.31 1.18 (due to missing values)
Fabric width (cm) 83.67 0.89 88.91 80.28
Table 2
SUMMARY OF PARAMETERS USED FOR TRAINING DATASET (FOR 6,432 FABRIC SAMPLES)
Parameters Mean Star)dgrd Maximum Minimum
deviation value value
Actual linear density (tex) 15.31 0.33 17 14.10
Lea weight (gms) 1.68 0.04 1.87 1.55
Lea strength (Ibs) 57.28 8.31 78.49 68.30
Twist multiplier (tpcm* tex?-5) 35.09 0.37 36.98 33.68
Loop Length (mm) 218 0.05 242 2.01
Course per cm 24.99 0.72 27.98 21.67
Wales per cm 18.32 0.39 19.88 16.48
Machine diameter (inches) 19 - 19 19
Machine gauge (inches) 24 - 24 24
Fabric width (cm) 83.67 0.89 88.91 80.28
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Table 3

SUMMARY OF PARAMETERS USED FOR TESTING DATASET (FOR 1,073 FABRIC SAMPLES)
Parameters Mean Star_\d?rd Maximum Minimum
deviation value value
Actual linear density (tex) 15.34 0.33 16.95 14.3
Lea weight (gms) 1.68 0.04 1.86 1.57
Lea strength (Ibs) 57.36 8.08 78.49 68.13
Twist multiplier (tpcm* tex?-5) 35.13 0.38 36.92 33.91
Loop length (mm) 218 0.05 2.41 2.03
Course per cm 24.91 0.73 27.43 21.76
Wales per cm 18.28 0.39 19.60 16.54
Machine diameter (inches) 19 - 19 19
Machine gauge (inches) 24 - 24 24
Fabric width (cm) 83.89 0.82 88.30 81.28

Textile

Data Data Pre-processing

Optimal Feature
Selection using Rough
Computing

Fabric Width
Prediction Analysis

Rough Predictive Model

Verificationand
Validation

Fig. 1. Rough Computational Based Priority Prediction
Model Architecture

Data preprocessing

Data preprocessing under data mining plays a vital
role in data analysis. Various data preprocessing
methods such as data cleaning, data transformation,
data integration, and data reduction were used to
ensure the quality data for data mining models. In
data mining, the variables measured at different
scales do not contribute equally to the data analysis.
To overcome this problem, we need to transform the
data to comparable scale values. Data standardizing
is one type of data transformation method which con-
verts all variables value into the same scale. The
appropriate standardization method depends on the
dataset and the conventions of a particular field of
study.

In this research work, the textile datasets are prepro-
cessed by using various data preprocessing meth-
ods. Z-score data standardization method is used to
normalize the textile data.

T, —the actual textile attributes value;
Wy, = mean of textile attributes value;
o_— standard deviation of textile attributes
value.
Z-score data standardization method works better for
large datasets and provides proper scaling than min-
max and decimal scaling methods.

Optimal attribute selection using rough set
computing

Soft Computing plays a significant role in scientific
applications. Rough set [11, 16, 17, 18, 21] and fuzzy
are the two hands of soft computing. The information
system consists of many attributes, and these
attributes are used to predict the class label.
Selection of significance attribute(s) for the classifi-
cation process yields a good prediction model.
Attribute selection process directs to electing a sub-
set of attributes from the broad set of attributes. The
aim of the attribute selection is to find the important
attribute, remove the irrelevant attribute and con-
struct a novel predictive model. The minimum com-
putation time of the algorithm and excellent accuracy
of the predictive model are the two significant advan-
tages of attribute selection. The research community
has studied intensively the attribute selection meth-
ods for various applications. In this research work,
the rough set computing is applied to identify the
important attributes from the large dataset of the tex-
tile information system.

Rough set attribute dependency

Attribute dependency in the rough set can be inter-
preted as the combination of objects in knowing the
values of attributes. This checks the degree of depen-
dency between the two attributes. Every attribute
produces the indiscernibility among the given two
rough sets. Indiscernibility relation concept in the
rough sets defines the association between the set of

T, —
NTD=D—MTD (4) attributes. The same indiscernible objects can be
61, represented redundantly.
where: NT, is normalized value of the textile Let U be the universe and let RS ¢ U x U, be an

attributes;
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equivalence relation on Uy, called an indiscernibility
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relation. The pair A = (U, RS) is called an approxi-
mation space. The lower and upper approximation of
set X with respect to RS can be written as:

RS(X) = {x € U : [x]gs € X} (5)
RS(X) = {x €U : [X]gg N X % D} (6)

where [x]gs = {y € U | x RS y} is the equivalence
class of x; if [x]gs € X, then it is certain that x € X;

if[x]gs € X — R_S(X) then it is clear that x & X;
[x]gs € Xis said to be rough with respect to RS iff
RS(X) # %(X). Otherwise X is RS—discernible. A set
of attributes B depends on the set of attributes A is
given as follows:

A=18B (7)

where the attributes of B are uniquely determined by
the values of attributes of A. B completely depends
on the values of A if there exists in the functional
dependency relationship in between them. The func-
tional dependency depicts that both the A and B are
subsets with each other. Suppose if B depends com-
pletely on C then with a degree of k then it can be as
k (0 <= k <= 1) denoted by the positive region,

A= B 8)

where the positive region C is given as

POS4(A)= U RB 9)

Bel/Ind A

So for all the elements in the universe, / in terms of A
and B can be given as

V(A,B) = [POS,(B)| /|l (10)
Here the dependency of B on A depends on the value
of k; if k=1 then we can say that B depends on A
completely and if k <1 then it states that B depends
on A but partially. The k expresses the blocks of
partition //B with respect to A and it is termed as the
degree of dependency.

Rough set based optimal attributes

The optimal attributes are determined using the con-
cept of reducts and core in rough set theory. Due to
this indiscernibility relation, it becomes ease in find-
ing the redundant values or the redundant attributes
of a set. The several set approximation subsets of
attributes, which exists in minimal are termed as
reducts. The set of all the conditional attributes of set
approximations that exists as a set is defined as a
core, and in simple, it is the intersection of all the
reducts to a set or a system considered. For exam-
ple, let T be a set of attributes and let the attribute R
be the subset of attribute C then it is depicted as
below:

T=(U, R, D) // independent of C (11)

Then the positive relation is given as
POSL(D) = POS (D) (12)
ie. CORE(C) = NRED(C) (13)
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where CORE(C) defines all the conditional attributes
and RED(C) defines all the set of reducts of attribute
C. One of the approaches for these reducts or the
conditional attributes is done dynamically and depict-
ed by the decision tables. In these decision tables,
the attributes are classified in two ways as relevant
and often. When the attributes are more often repeat-
ed it is given as majority or relevant and the set of
attributes appearing as common to the original sets
in decision tables are given through as often.

Priority Bayes Classifier

The Data science has several classification algo-
rithms like Support Vector Machine (SVM), Decision
Tree, Back Propagation Neural Network (BP-NN),
Rule-based Classification and Naive Bayesian
Classification. Although NN and SVM techniques
offer reasonably good solutions for textile problems,
researchers have also tried using the Naive Bayes
algorithm. Naive Bayes is one of the well-known and
highly scalable classification algorithms, which uses
Bayes’ theorem to calculate conditional probabilities
for the determination of unknown class values of
samples. A Naive Bayesian classifier method is a set
of a supervised learning algorithm based on applying
Bayes’ theorem with the “naive” assumption of liber-
ty between each pair of features. Bayes’ theorem
states the following relationship for a given class vari-
able and a dependent feature vector x, through x,:

P(Y)P(Xq,-.:X, | ¥)
P(y/xq,....x,) = P(x1 )
1o Xy

(14)

* P(y/x) is the posterior probability of decision attribute
class (y, target) given predictor (x, attributes).

* P(y) is the prior probability.

* P(x/y) is the likelihood which is the probability of
predictor for a given class.

* P(x) is the prior probability.

In our research work, the data were represented as a

continuous attribute. To handle such a data, exten-

sion version of Naive Bayes method is used to devel-

op priority based prediction model. This extension of

naive Bayes is called Gaussian Naive Bayes. It is

also assumed that all the features are following a

Gaussian distribution. Instead of assuming condition-

al independence of X;, the dependence relation of X;

is encoded in the covariance matrix as in Gaussian

distribution P(x/y).

P(X]y) = ————— exp(— - (x— 1) Z7(x— )
\ (2n)P det(x)

where u is mean, Y, — covariance matrix and D — dim
(x). In the prediction model, the attributes are
assigned priority based on the attribute significance
or dependency approximation value while computing
posterior probability as shown in table 4.

The rough computational based priority prediction
model (RCPPM) algorithm is given below.
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Table 4
PRIORITY ASSIGNMENT BASED ON ROUGH SET
ATTRIBUTES SIGNIFICANCE APPROXIMATION
Attribute
Name of the attribute 5|gn|f|.can(_:e P_rlorlty
approximation | assignment
value
Nominal linear density 0.20 10
(tex)
Actual linear density 1.00 1
(tex)
Lea weight (gms) 0.72 3
Lea strength (Ibs) 0.25 9
Twist multiplier
(tpcm* tex0-5) 0.98 2
Loop length (mm) 0.64 4
Course per cm 0.30 8
Wales per cm 0.30 7
Length
shrinkage (%) 0.15 "
Width shrinkage (%) 0.15 12
Machlne diameter 035 5
(inches)
Machine gauge (inches) 0.35 6

Proposed RCPPM Algorithm

Input:
Output:

Tp: Textile Data, n: number of attributes
RCPPM Model

Step 1: Remove noisy and missing values using data
preprocessing methods
Step 2: Standardize the textile data using Z-Score
Normalization
Tp- Hr,
o7
Step 3: Select the optimal attribute for the prediction
model from the large textile data
3.1. Calculate approximation values for all
attributes using equation (17),
(card(POS(2)) — (card(POS,,_,)(2)))

)= card(U) (17)

3.2. Compare the approximation values of
each attribute aj,

3.3. If both attributes are highly associated
then remove the less approximation
value attribute(s).

Step 4: Foreachj=i+ 1tonDo

4.1. Calculate a value for all class labels
P(x4,....x,)
4.2. Compare the class labels value and pre-

dict the fabric width.
next j

NT, = (16)

O(pz)@

P(y/xq,....x,) = (18)
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In this research work, the existing Bayesian algorithm
is modified and proposed novel rough computational
based priority prediction model (RCPPM) algorithm
as shown above. RCPPM algorithm has two parts:
first part deals with selection of optimal attributes
using rough computational based optimal attribute
selection (RCOAS) method and second part deals
with development of RCPPM prediction model. The
real-time textile dataset T, may have missing values
and these values are replaced by using missing
value analysis. Then the dataset are first standard-
ized (normalized) to overcome the deviation of the
scale between the different attributes. Normalization
is classified into range normalization-score and deci-
mal scaling. In the proposed algorithm, the Z-score
normalization NT, is applied to standardize the
dataset. This process helps to improve the accuracy
of the prediction model. Then the normalized dataset
are given as input to RCOAS algorithm to find the
optimal attribute(s) and the output of RCOAS algo-
rithm is supplied to the Gaussian Naive Bayes based
RCPPM algorithm to predict the fabric width. The
RCPPM proposed model performance is compared
with the ground truth textile dataset which is collect-
ed from the Tirupur knitting industry. Finally, the
RCPPM performance is compared with various pre-
diction models.

RESULTS AND DISCUSSION

Tirupur is one of the crucial textile export zones in
Tamilnadu. The real-time dataset was collected from
the Tirupur knitting industry. The summary of the
entire dataset is shown in table 1, which consists
entirely of 16 textile attributes. The first 15 are condi-
tional attributes and fabric width (cm) is a decision
attribute. The data pre-processing procedures such
as missing value analysis and data standardization
are applied to produce reliable data. Z-score normal-
ization was applied to textile dataset and the corre-
sponding normalized values used for our proposed
model. Feature/attribute selection is the most com-
monly used technique in data mining to reduce
redundant or irrelevant data.

The proposed RCPPM algorithm is developed using
matlab codes for finding the optimal attribute(s) and
for prediction model to predict optimal fabric width for
single jersey finished cotton knitted fabric. The first
part of the proposed algorithm is to find optimal
attributes among the various textile conditional
attributes using rough set techniques. The attributes
are to be classified based on the attribute signifi-
cance value which we obtained through the compu-
tational program. From the table 5, It should be clear
that some of the conditional attributes such as stitch
density, tightness factor, actual GSM are not consid-
ered because of their less importance during optimal
attribute selection and also observed that the signifi-
cant attribute score of the width shrinkage and length
shrinkage are less when compared to the other con-
ditional attributes. Based on the rough set Core and
Reduct concepts, all the above-said attributes are
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removed from the input knowledge data and also two
reducts (set of 4 and 9 attributes) and one core (set
of 4 attributes) are identified. Either use 4 or 9
attributes as optimal attributes based on attribute
significance value with decision attribute fabric width
as input knowledge data to the prediction model
RCPPM.

Table 5
ROUGH SET BASED ATTRIBUTE SIGNIFICANCE
APPROXIMATION VALUES
Attribute
Name of the attributes a:isr':)f(ii(r:::t(i:sn
values

Nominal linear density (tex) 0.20
Actual linear density (tex) 1.00
Lea weight (gms) 0.72
Lea strength (Ibs) 0.25
Twist multiplier (tpcm * tex9-9) 0.98
Loop length (mm) 0.64
Course per cm (CPcm) 0.30
Wales per cm (WPcm) 0.30
Length shrinkage (%) 0.15
Width shrinkage (%) 0.15
Machine diameter (inches) 0.35
Machine gauge (inches) 0.35

Based on the RCOAS algorithm output, the optimal
attributes obtained, are actual linear density (tex),
twist multiplier (tpcm * tex%-°), lea weight (gms), loop
length (mm), machine diameter (inches), machine
gauge (inches), WPcm, CPcm and lea strength (Ibs)
respectively from the supplied textile dataset as sum-
marized in table 1. The importance of each textile
attribute is shown in figure 2 based on their attribute
significance value. Then the selected optimal
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Fig. 3. Performance of various attribute selection methods

attribute(s) are supplied to the RCPPM prediction
model to predict the value of fabric width.

Many feature selection methods are used by the
research community in various engineering applica-
tions such as Principal Component Analysis (PCA)
[19], Linear Discriminant Analysis (LDA) [20] and
Fuzzy based analysis [21]. The performance of the
proposed RCOAS method is compared with the
above-said methods. The performance of the pro-
posed method is better than other attribute selection
methods as shown in the figure 3.

Table 6
PREDICTED VALUES OF FABRIC WIDTH FOR TESTING DATASET FABRIC SAMPLES
Actual value ANN ANN-PSO RCPPM
Sample | ™ of fabric Predicted Predicted Predicted
b width value Error (%) value Error (%) value Error (%)
1 83.06 83.009914 0.0603 83.01822 0.0503 83.024865 0.0423
2 83.51 83.459726 0.0602 83.451375 0.0702 83.475677 0.0411
3 84.25 84.190519 0.0706 84.190519 0.0706 84.206358 0.0518
4 83.66 83.609385 0.0605 83.592653 0.0805 83.632810 0.0325
5 83.85 83.799522 0.0602 83.824677 0.0302 83.813022 0.0441
6 84.77 84.708541 0.0725 84.759403 0.0125 84.741856 0.0332
7 82.53 82.467937 0.0752 82.486919 0.0522 82.503177 0.0325
8 82.38 82.324146 0.0678 82.326617 0.0648 82.345894 0.0414
9 84.42 84.363016 0.0675 84.37145 0.0575 84.382433 0.0445
10 83.53 83.477960 0.0623 83.503019 0.0323 83.501850 0.0337

industria textila

EI

2019. vol. 70. no. 6




Based on the optimal attribute selection, the predic-
tion model was developed as second part of the
RCPPM algorithm. The proposed RCPPM algorithm
performance is compared with ANN (Artificial Neural
Network) Model [8, 9, 10] and ANN with PSO [22]
(Artificial Neural Network with Particle Swarm
Optimization). All the prediction models are devel-
oped with 6,432 training fabric samples and tested
with 1,073 testing fabric samples. The cross k-valida-
tion method is used to split the textile dataset accu-
rately into training and testing to overcome the unbal-
anced dataset problem. The prediction is done based
on various machine diameters such as 19, 20, 21, 22
and 23 inches. Table 6 contains the actual and pre-
dicted values of fabric width for a few testing dataset
fabric samples from which it is apparent that predict-
ed values compare favourably with experimental val-
ues which shows the reliability of our proposed pre-
diction model RCPPM.

Various critical performance metrics are available to
evaluate the performance of the proposed RCPPM
model such as Root Mean Square Error (RMSE),
Mean Square Error (MSE) and Absolute Error (AE).
Our prediction model performance is evaluated using
the MSE performance metric. Table 7 shows the MSE

Table 7
COMPARISON OF RCPPM PERFORMANCE (MSE)
WITH OTHER PREDICTION MODELS
Machine .
diameters ANN ANN with | peppy
. PSO
(inches)
19 0.0602 0.054 0.044
20 0.0621 0.057 0.058
21 0.0678 0.106 0.062
22 0.0752 0.072 0.068
23 0.0836 0.081 0.0421

value for ANN, ANN with PSO and RCPPM for 5 dif-
ferent machine diameters.

Figures 4,a—d show the performance of ANN, ANN
with PSO, RCPPM, and comparison of all three pre-
diction models based on MSE performance metric
respectively. The MSE values change based on the
machine diameter values. In the case of ANN model,
the MSE value increases as the machine diameter
value increases. The ANN model is optimized with
PSO, where the MSE value is small for 19, 20
machine diameter, and it is very high when machine

ANN Performance (MSE)
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Fig. 4. Dependency of MSE with various approaches: a — ANN, b — ANN with PSO, ¢ — RCPPM, d — comparison
of RCPPM with other prediction models

industria textila

54_4|

2019. vol. 70. no. 6




diameter value is 21. The performance of the pro-
posed model RCPPM is checked with various
machine diameters. The MSE values of the proposed
model are less for all the cases of machine diameter
compared with ANN and ANN with PSO. The simple
ANN model shows a gradual increase in MSE as the
machine diameter increases. The ANN with PSO per-
formed on it decreases its error for all machine diam-
eters but one. The comparison graph shows that the
proposed RCPPM model outperforms both ANN and
ANN with PSO prediction models.

CONCLUSIONS

Knitted structures offer easy-care property, high elas-
ticity, air permeability, flexibility, etc., in comparison to
woven fabrics. During the various stages of knitting,
making up and of end use, a lot of problems are
encountered. The most important problem is choos-
ing optimum fabric width during the garment manu-
facturing process. Textile industry needs the model to
predict the fabric width accurately to overcome the
unwanted textile wastage and provide the smart envi-
ronment in textile production. In this research work,

one of the soft computing techniques namely rough
set approach was used for an attribute or feature
selection and developed rough computational opti-
mal attribute selection (RCOAS) method to find opti-
mal attributes from a large amount of textile data and
its performance is found to be better than those of
other existing feature selection methods. Based on
the selected optimal attributes, the rough computa-
tional based priority prediction model (RCPPM) is
developed with the help of Gaussian Naive Bayes
algorithm. This proposed model with the inputs is
used to predict fabric width in fabric manufacturing
process in the textile domain. Attempts can be made
to optimize the developed model further. The results
show that the relationship between the predicted
width and the measured width is good. The proposed
algorithm is tested with real-time textile dataset col-
lected from Tirupur knitting industry and, doubtless,
will be of use to manufacturers of the knitted gar-
ment. Our future work will be extended to propose a
new algorithm for handling big or large textile dataset
effectively using Hadoop framework.
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ABSTRACT - REZUMAT

Creativity, innovation and future — the key points regarding the “architecture” for the production of agro-textiles

The twenty-first century represents the period of the most remarkable discoveries and transformations of the human
civilization, but also the period of the most important changes regarding the evolution of the environment. At the present
stage of the evolution of the society, the knowledge of the behaviour of the world economy cannot be conceived outside
the environmental approach, as a system, structure and dynamics, its connections and implications on life on earth.
Agriculture is an important source of emission of two greenhouse gases with a significant share in the influence of the
global warming process. The key to protecting the environment from the harmful effects of widespread and unsafe farming
practices is through implementing sustainable practices. Sustainable agriculture incorporates both the conservation of
available resources and the use of agricultural practices aimed at protecting the environment.

Given the increasing awareness of the environment and the specific knowledge of the various interdisciplinary
technologies, special attention has been paid to unconventional technical applications, such as the use of textile
structures in the agriculture and horticulture sectors to increase the quality and efficiency of agro-food products in terms
of ensuring a healthy environment, social economic equity and a profitable economy.

In this context, the textile sector and the field of technical textiles, through the potential of functionalities, can make a
special contribution to achieving a level of coherence between agriculture, environment and rural development through
the intelligent and sustainable capitalization of agricultural lands and labour force.

For agro-textiles — weight domain for the technical textile sector — design is a problem-solving approach, based on
common human technical/scientific skills or knowledge, which starts from understanding and observing the phenomena
of the field in which these textile elements/products will be used. In this sense, the paper presents the logical matrix
regarding the interactions between the problems that need to be solved, the elements that can influence the studied
phenomenon the functions that the designed product has to fulfill and the effects produced by its use under real
conditions of use.

Keywords: agro-textiles, sustainability, interaction

Creativitate, inovatie si viitor — punctele cheie privind “arhitectura® de realizare a agro-textilelor

Secolul XXl reprezinta perioada celor mai notabile descoperiri si transformari ale civilizatiei umane, dar si perioada celor
mai importante schimbari in ceea ce priveste evolutia mediului inconjurétor. In etapa actuald a evolutiei societétii,
cunoasterea comportamentului economiei mondiale, nu poate fi conceputa in afara abordéarii mediului inconjurator, ca
sistem, structura si dinamica, conexiuni si implicatiile acestuia asupra vietii pe pamant.

Agricultura reprezintd o importanta sursa de emisie a doud gaze cu efect de serd, cu pondere semnificativa in
influentarea procesului de incalzire globalda. Cheia protejarii mediului impotriva efectelor daunatoare ale practicilor
agricole extinse si nesigure este prin implementarea unor practici durabile. Agricultura durabild incorporeaza atat
conservarea resurselor disponibile, cat si utilizarea practicilor agricole care vizeazéa protectia mediului.

Avénd in vedere cresterea gradului de constientizare a mediului si cunoasterea specifica a diferitelor tehnologii
interdisciplinare, o atentie deosebita a fost acordata aplicatiilor tehnice neconventionale, cum ar fi utilizarea structurilor
textile in sectoarele agriculturii si horticulturii pentru a spori calitatea si randamentul produselor agroalimentare in
conditiile asigurarii unui mediu sanéatos, a unei echitati economice sociale si a unei economii profitabile.

In acest context sectorul textil, respectiv domeniul textilelor tehnice, prin potentialul functionalitatilor, poate avea o
contributie deosebita la atingerea unui nivel de coerenta intre agriculturd, mediu si dezvoltare rurala, prin valorificarea
inteligenta si durabilé a terenurilor agricole si a fortei de munca.

Pentru agro-textile — domeniu de pondere pentru sectorul textilelor tehnice — proiectarea este o abordare de solutionare
a problemelor, bazatd pe capacitati/cunostinte tehnice/stiinfifice umane comune, ce porneste de la intelegerea si
observarea fenomenelor domeniului in care se vor utiliza aceste elemente/produse textile. In acest sens, lucrarea
prezinta matricea logicé privind interactiunile dintre problemele ce se impun rezolvate, elementele ce pot influenta
fenomenul studiat, functiile pe care trebuie sa le indeplineascd produsul proiectat, precum si efectele produse de
utilizarea acestuia in conditii reale de utilizare.

Cuvinte-cheie: agro-textile, sustenabilitate, interactiune
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INTRODUCTION

Megatrends that will change the world in the coming
years — demographic change, globalization, resource
scarcity, climate change, dynamic technology and
innovation, knowledge-based society, mass cus-
tomization, global responsibility — define the critical
moment in history [1]. Of these, the environmental
changes, which will continue in the coming decades,
represent growing challenges for food, health and
welfare systems and include climate changes,
increased ozone at the ground level, changes in
water availability, increased carbon dioxide levels,
soil degradation, deforestation and land use change.
In these circumstances, Europe must embrace a new
logic of global socio-economic sustainability, which,
in essence, addresses economic success, population
well-being and contributes to the conservation of the
environment and resources and which is based on
adaptation and mitigation strategies aimed at over-
coming and/or reversing these changes.

Currently, Romania is in an important moment in
which it must adopt a strategic position towards the
challenges and the opportunities of wide. In this
respect, Romania must maximize the favourable
global and European trends, as well as its own com-
petitive advantages. To meet the climate challenges
it is necessary to apply the existing interdisciplinary
knowledge, as well as to develop a new range of
technical and institutional innovations. The research
and development activity to facilitate the develop-
ment of solutions regarding the challenges we have
to face can be divided into two categories. One of
these is defined from the point of view of a type of
research in the field of social sciences, by which can
be analyzed the ways chosen by a society to respond
in case of future specific changes and can anticipate
the types of actions to prevent the occurrence of
problems and conflicts. The other is essentially
established by the research and development

applied strictly in the field of technology and its devel-
opment. Many technologies can be developed in lab-
oratories, but they will not bring benefits if there is no
market price and force to enable and promote their
dissemination [2].
The Intergovernmental Panel on Climate Change
(IPCC) has a long-term approach, analyzing the
potential effects of climate change in relation to their
determinants. Table 1 presents these elements syn-
thesized by the IPCC for Europe [3].
Agriculture is an important source of emission of two
greenhouse gases with a high potential for global
warming: nitrogen oxide (N,O) — with a potential of
310 times higher than CO, and methane (CH,) — with
a potential of 21 times higher than CO,,. Adaptation to
climate change must be fully in line with the activities
of the agricultural sector, promote and protect food
security and support the sustainable development of
the rural environment [4].
To support the development of the agricultural sector,
a strategic approach is required, which takes into
account, on the one hand, the effects of climate
change, by increasing pressures on primary
resources — of water and soil and, on the other hand,
on the increase in demand of agricultural products
and food, related to the prospects of population
growth at global level.
The EU pursues three objectives through the
Common Agricultural Policy (CAP):
— ensuring a viable food production;
— ensuring the sustainable management of natural
resources and actions in the field of climate;
— balanced territorial development.
Member states and regions develop their rural devel-
opment programs based on the needs of their ter-
ritories and address at least four of the following com-
mon EU priorities set for 2021-2027 [5].
The activity of the CAP, for the period 2012-2027, will
focus on nine general objectives that reflect the

Table 1

RISKS — ESTIMATIONS — DETERMINING FACTORS

Risks

Estimations Determining factors

Negative impact due to climate change
on:

— grain yields;

— increasing the variability of yields.

— The estimated impact varies according to the
cultures, region and adaptation scenarios, with
approximately 10% of the projections for the
period 2030-2049.

— After 2050 the risk of a more severe impact
increases and depends on the level of heating.

— Heating trend;

— Drought trend;

— CO, fertilization;

— Extreme temperatures;
— Extreme precipitation.

— Increasing water restrictions.

— Significant reduction of the amount
of water available from rivers and
underground sources;

— Increasing the demand for water (for
irrigation, energy and industry,
population consumption);

— Increasing the evaporation
phenomenon, especially in southern
Europe.

— Potential of adaptation proven by adopting more
efficient technologies in terms of water use and
water saving strategies;

— Implementation of best practices and
governance tools in river basin management
plans and integrated water management

— Heating trend;
— Drought trend;
— Extreme temperatures.
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importance of the policy from the economic and

social point of view and from the environmental point

of view [5]:

— supporting a reliable income and the resilience of
farms throughout the EU, in order to improve food
security;

— improving market orientation and increasing com-
petitiveness, including a strong emphasis on
research, technology and digitization;

— improving the position of farmers within the value
chain;

— contribution to sustainable energy, as well as miti-
gation and adaptation to climate change;

— promoting the sustainable development and effi-
cient management of natural resources such as
water, soil and air;

— contribution to the protection of biodiversity,
improvement of ecosystem services and conserva-
tion of habitats and landscapes;

— attracting young farmers and facilitating the devel-
opment of enterprises in rural areas;

— promoting employment, growth, social inclusion
and local development in rural areas, including
bioeconomy and sustainable forestry;

— improving the response that EU agriculture offers to
the demands of society in terms of food and health,
including safe, nutritious and obtained foods through
sustainable production, as well as animal welfare.

The key to protecting the environment from the harm-
ful effects of widespread and unsafe farming prac-
tices is through sustainable practices. Sustainable
agriculture incorporates both the conservation of
available resources and the use of agricultural prac-
tices aimed at protecting the environment.
Given the increasing awareness of the environment
and the specific knowledge of the various interdisci-
plinary technologies, special attention has been paid
to unconventional technical applications, such as the
use of textile structures in the agriculture and horti-
culture sectors to increase the quality and efficiency
of agro-food products in the conditions of a healthy
environment, of a social economic equity and a prof-
itable economy.

In this context, the textile sector and the field of tech-
nical textiles, through the potential of functionalities,
can make a special contribution to achieving a level
of coherence between agriculture, environment and
rural development through the intelligent and sus-
tainable capitalization of agricultural lands and labour
force.

METHODOLOGY

The “agro-textile sector” includes the application of
textile products in agriculture, forestry, horticulture,
floriculture, fishing segments, landscape, gardening,
animal husbandry, aquaculture and agro-engineering
and it offers solutions for the major problems in the
field, namely: globalization, demographic pressure,
resource constraints (water, energy), environmental
protection and human health. Agro-textile products
can be woven, non-woven or knitted [6] and offers
multidimensional solutions for the variety of problems
in the agro-food industry as a result of the advan-
tages held by textile structures (flexibility, strength,
light weight, protection, etc.).

Agriculture is considered the “backbone of a country”
and agro-textiles can be considered “the backbone of
agriculture” [7].

According to the report published by Credence
Research, “Agro Textile Market — Growth, Future
Prospects and Competitive Analysis, 2016-2024",
the agro-textile market is expected to grow over
$ 14,363.2 by 2025, with an average annual growth
rate (CAGR — compound annual growth rate) of 5.5%
from 2017 to 2025.

In a conceptual century — based on knowledge — the
new social, technological and cultural contexts
demand a new perspective through a new approach
to innovation. The need for new products, with multi-
ple functionalities, able to balance the economic,
social and environmental needs, must receive the
answers based on a new way of thinking — putting
the same concept of human needs, technological
resources and constraints, establishing the cognitive
link between the knowledge, processes/technologies
and the requirements of the field of use.

Knowledge of the audience
for which it is designed

Defining

problem

Defining the problem usingintuitionand
information from the empathic stage

Searching for solution (brainstorming) and
generating creative ideas

B — R
the Brainstorming Prototyping
-— —

Returning to focus groupand
analyzing the feedback

Representation of theidea/s to
be presented to others

Fig. 1. Design Process Scheme [8]
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Table 2

INTERCONNECTIONS BETWEEN BASIC ELEMENTS FOR THE CONCEPTUAL DESIGN OF AGRO-TEXTILES

Starting points

Problems that in the designing/

greenhouse gas requirements. radiation;
emissions (GHG);

— adaptation to the
anticipated effects
of climate change;

— the extension of
cultivable areas
(mowing, drying,
etc.);

— increasing the
acute, sub-acute
and indirect toxic
effects of the
chemicals used
on individuals and
ecosystems.

— long life;

— elasticity;

require ; Key functions of P
complementary of:g);cr‘;‘-(t:g:tri‘le agro-textiles Effects of agro-textile use
solutions elements/products

— globalization; — soil type; — wind resistance; — improving the quality of agricultural products;
— demographic — the required limits |— resistance to — preventing the growth and spreading of the

pressure; of protection; microorganisms; weedg; o
— limiting resources; | — climate and — light weight; - rec'iucmg .the 'effects due to the climatic changes
— reducing irrigation — resistance to solar (wind, hail, high temperatures);

— resistance to
ultraviolet radiation;

— biodegradability;
— water conservation;
— stable construction;

— abrasion resistance;
— protective properties.

— reducing heating and cooling costs by 10—40%
in a greenhouse, improving the microclimate;

— adjusting the soil temperature;

— reducing the consumption of chemical
substances;

— enhancing the intensive character through
timeliness, production and high quality, with
minimal costs;

— adjusting the humidity in the soil, maintaining
the phytosanitary status;

— reduces soil fertilizer losses;

— reducing soil compaction;

— reducing of root cutting;

— protecting crops against UV radiation;

— protection of workers to chemical substances;

— reducing the amount of work that the worker
must do;

— reducing the ‘cocktail’ effect of pesticide mixtures;

— raising the awareness of the population
regarding the correct use of pesticides based
on the principle of respect for the environment
and human health and promoting alternative
methods of plant protection.

Designing, in the case of agro-textiles, is a problem
solving approach based on common human techni-
cal/scientific skills or knowledge, which starts from
understanding and observing the phenomena of the
field in which these textile elements/products will be
used. Innovation (discovery through empathy — empa-
thy being a way of looking at the world through many
other eyes), designing, experimentation and realiza-
tion are steps that impose a significant order in the
process of making agro-textiles (figure 1).

In this sense, the selection of the textile structure/
fibrous composition/technology for the production of
agro-textiles, it is made taking into account the
requirements of the domain of use based on a logical
matrix regarding the interactions between the prob-
lems that need to be solved, the elements that can
influence the studied phenomenon, the functions that
must be fulfilled by the designed product and the
effects produced by its use under real conditions of
use (table 2).

The choice of the fibrous composition for the yarns
intended for the realization of the textile structures
(fabric, knit, non-woven) is a distinct step of the con-
ceptual design, result of the correlation of the require-
ments of use with the characteristics of the
fibers/yarns and not lastly with the specific of the pro-
cessing technologies.
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The fibers/yarns used for the production of agro-tex-
tiles must ensure certain functionalities of the final
product (table 3) [9].

Table 3

CORRESPONDENCE REQUIREMENTS
OF FIBER-PRODUCT/AGRO-TEXTILE

Fiber characteristic — |Agro-textile characteristic —

“required” “expected”
Resistance and elongation| Long-term sustainability and
at break service life
Resistance to solar Long-term sustainability and
radiation service life
Resistance to ultraviolet | Light permeability between
radiation 80-90%

Biodegradability Biodegradation in nature

Abrasion resistance Long-term sustainability and

service life

Resistance to
microorganisms to protect
the living being

Resistance to
microorganisms

Dimensional stability Stability regardless of
application

Light weight Easy to use

Resistance to toxic agents| Long-term sustainability and
in the environment service life
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CONCLUSIONS

At the planetary level, governments and international
bodies are looking for solutions and thinking strate-
gies for the global problems of humanity: food
security, climate change, excessive dependence on
non-renewable resources, job creation, sustainable
economic growth, etc.

The national economy is an extremely complex sys-
tem requiring the study of economic and social phe-
nomena in a systemic vision as a whole of their inter-
dependencies.

The need for new products, with multiple functionali-
ties, capable of balancing the economic, social and
environmental needs, must receive the answers
based on a new way of thinking — putting in the same
concept human needs, technological resources and
constraints, establishing the link between knowledge,
processes/technologies and the requirements of the
field of use.

The design, in the case of agro-textiles, is an approach
to solving problems, based on common human tech-
nical/scientific knowledge or skills, which starts from
understanding and observing the phenomena of the
field in which these textile elements/products will be
used. Innovation (discovery through empathy—empathy

being a way of looking at the world through many
other eyes), designing, experimentation and realiza-
tion are steps that impose a significant order in the
process of making agro-textiles.

The basic characteristics imposed on agro-textiles are:
— Resistance to solar radiation;

— Weatherproof;

— Biodegradation capacity;

— Tensile strength;

— Resistance to ultraviolet radiation;

— High water retention potential;

— Protection properties;

— Light-weight;

— Stable construction, easy to handle.

Agro-textiles are part of the group of complementary,
innovative solutions, which can be used in the agri-
cultural field in order to find a balance of the interac-
tion between four systems: economic, human, environ-
mental and technological, in a dynamic and flexible
functional process.
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ABSTRACT - REZUMAT

The study of 3Rs — Reuse, Repair, and Redesign at Swedish recycling mall

The shopping mall concept has emerged to provide unique mall facets to satisfy consumers that search for the ultimate
shopping experience. Under one roof different sellers are assembled together with food outlets and entertainment to
fulfill the requirements of consumers. Gradually an awareness of over-consumption has risen together which calls for
reuse activities that reduce the consumption of new products. As an answer to the concept of a mall for sustainable
practice, a recycling mall has been developed in Eskilstuna, Sweden. This study has been undertaken to understand
the practice of the recycling mall and its encompassing reverse value chain activities. This is primarily done in two
phases i.e., first to understand the backend operations by visiting collecting and sorting facilities and secondly to
comprehend the perspectives of the management team by interviewing them. The findings from the current study
suggest that the unique concept of recycling mall create a positive awareness among the customers to reuse, repair and
redesign used products. An individual gets a unique experience to donate and purchase clothes, sports equipment, and
construction material under one roof.

Keywords: upcycling, redesign, reuse, repair, clothes

Studiul celor 3R — Reutilizare, Reparare si Reproiectare in centrele de recilare din Suedia

Conceptul de centru pentru cumpadraturi a aparut pentru a oferi aspecte unice cu scopul de a satisface consumatorii care
cauta experienta de cumparaturi de cea mai buna calitate. Sub acelasi acoperis, diferifi comercianti sunt grupati cu
magazinele alimentare si de divertisment pentru a satisface cerintele consumatorilor. Treptat, a crescut constientizarea
in ceea ce priveste supraconsumul, ceea ce necesita activitali de reutilizare, care reduc consumul de produse noi. Ca
raspuns la conceptul de centru pentru o practica durabild, un centru de reciclare a fost dezvoltat in Eskilstuna, Suedia.
Acest studiu a fost intreprins pentru a infelege practicile centrului de reciclare si ale activitatilor sale din lantul valoric
invers. Acesta se realizeaza in doué faze, in primul rand pentru a infelege operatiunile de backend vizitand unitatile de
colectare si sortare si in al doilea rédnd pentru a infelege perspectivele echipei de management, prin intervievarea
acesteia. Rezultatele studiului sugereaza ca acest concept de centru de reciclare creeaza o constientizare pozitiva a
clientilor de a reutiliza, repara si reproiecta produsele folosite. O persoana dobandeste o experienta unica prin donarea
si achizitionarea articolelor de imbracaminte, echipamentelor sportive si materialelor de constructie sub un singur
acoperis.

Cuvinte-cheie: reciclare, reproiectare, reutilizare, reparare, articole de imbracaminte

INTRODUCTION

Reuse is considered to be one of the most common
ways to achieve sustainability in the clothing value
chain [1]. ‘Reuse’ is a process to extend the life of a
clothing product by acquiring the products after the
end of use or end of life [2]. The reuse can minimize
the entry of new products and thus, reduce the
environmental impacts [3—4]. The products which are
not suitable for direct reuse can be recycled to extract
fibres or transformed into rags, wipers, and insulating
material [5-9]. The reuse based clothing value chain
consists of collection, sorting, and reprocessing. The
collection is a process to acquire an end of use or
end of life products, whereas sorting and grading
operation involves categorization of acquired prod-
ucts according to their condition [5, 7, 10]. The sort-
ed and graded products can be reprocessed such as
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repair, redesign [11] and washed to improve the aes-
thetic and/or functional value [7].

Informal exchange of clothes is an old phenomenon
between friends and family, however, a formal model
has been designed to recover used products[12]. In
most of Western Europe and North American coun-
tries, the used clothes collection is carried out by
charities [13]; whereas the collection of paper, plas-
tic, and glass is performed by the for-profit organiza-
tion [3]. The collection channel driven by the produc-
er is better than the third party collector [14]. Easy
accessibility to collection sites such as near city cen-
tre, gas station, housing area is significantly impor-
tant for consumers to discard useful products for
reuse [15-18]. Sorting is the categorization process
to provide acquired products with a different path
such as direct reuse, recycle or waste stream for the
incineration [19]. The used clothes are fractioned into

2 2019. vol. 70. no. 6



superior quality for the domestic market, inferior qual-
ity for export, and unwearable quality to repurposed
into rags and wipers [5]. The sorting and categoriza-
tion process for textile and clothing is complex due to
the enormous variance of fabric material and its con-
struction into clothes [5, 8]. The sorting process can
be optimized by removal of waste and unwanted
products from reverse value chain [20]. This can be
achieved by concurrent collection and sorting pro-
cess [21]. The cost efficiency in sorting process can
be achieved by offshoring sorting and grading activi-
ties to the developing countries. The functional and
aesthetic value of products can be restored or
improved by repair, redesign and laundry activities [1,
22-23]. The skill and technical knowledge influence
the reprocessing activities [5, 7]. The recycling mall
strategy to promote the reuse, repair, and redesign is
novel. The purpose of this paper is to understand the
management of unique concept of recycling mall
based on the reuse-based reverse value chain.

METHOD

The qualitative method was adopted to perform the
research considering its relevance and appropriate-
ness to study inter-organizational relationships. The
phenomena of reuse, repair, and recycling of used
clothes have been studied at the Swedish recycling
mall. Through telephonic discussion and exchange of
emails, researchers have able to establish a relation-
ship with mall manager. This provided better access
and participation of organization in the research pro-
cess. Access to personnel and facilities of an organi-
zation improved quality of data. Data has been col-
lected from multiple sources within the firm [24].
Data collection for this research has started by read-
ing newspaper articles, reports to understand the
unigue phenomena of recycling mall. Prior to the visit
to the recycling mall, websites of the mall and news
reports available on different websites were thor-
oughly explored. During the visit, in-depth face to
face interview was carried out with the mall manager.
The interview lasted for more than one hour. The
researcher has made a visit to different sections of
the mall. Direct observation helped us to understand
the process in details. Mall manager guided around
different processes involved. One of the researchers
is a native speaker of the language spoken by the
employee of the recycling mall. This helps us to col-
lect minute information perfectly from various per-
sons in the organization. Follow up interviews were
undertaken to strengthen the analysis. During the
analysis phase, different logical tools like table,
charts and figure were made to understand the
trends and phenomena. NVivo 10 was used to ana-
lyze the interviews and other collected information.
Interviews transcript were systematically analyzed to
find out themes, ideas, patterns, concepts to under-
stand the process of recycling mall [25].

industria textila

EI

FINDINGS

The Recycling mall is Sweden’s — and perhaps the
world’s — first shopping centre with shops that give
used things new life by repairing, transforming and
selling. This mall is situated in Eskilstuna Municipality
in Sodermanl and County in southeast Sweden. The
mall was started in August 2015. Currently, the recy-
cling mall is functioned in the 5000 m? area that can
be extended to 15000 m2. At present, the rentable
area is 3000 m2. There are four clothes stores. The
first clothes store is for high-quality second hand
clothes and most of the clothes are for kids. The sec-
ond store is second hand cloth store that washes and
irons the clothes before selling it. The third store is
owned by Stockholm based charity organization and
this is a normal second hand cloth stores. The fourth
store is a safety kids stores that sell second hand
products and safety clothes for kids. The other
Second hand Stores are for sports and bicycles,
building materials, computer and electronics prod-
ucts, furniture and households items.

In the recycling mall, there are other facilities such as
redesigning lab for the vocational training school,
conference rooms, and cafeteria. A restaurant and
café are under construction and are expected to be
open soon. In the mall, two conference rooms are
also under construction. The bigger one is for 100
guests and the smaller one for 30 guests. The con-
ferences are hosted by internal and external clients,
but the majority of conferences are hosted by internal
customers. The bigger conference room is also used
as an event area and at the time of the observation,
a change-your-toys-event was planned to the follow-
ing Saturday. The vocational school associated with
recycling mall has 16 students and offers a one-year
program in re-design. The students work with paper,
plastic and furniture. An example of a current project
that the student worked with was the design of a hotel
lobby. The reverse value chain process of recycling
mall is depicted in the below figure 1.

Consumear visit
ReTuna for donation,

Rausable quality
collected

Usable quality sorted| —‘
r
a

5 per
agreamant

Redesion
collegeiztudant
remake new
goods

ﬁrs‘.n‘er visit
ReTuna for

Shopping

Dispossed 1o
Recycling -
Station

Fig. 1. Process at recycling mall

Below are the details of collection, sorting and repro-
cessing activities done at the recycling mall.

Collection

The mall is situated along with a waste recycling sta-
tion and has a collection area on the ground floor for
individual residents. The mall does not accept indus-
trial waste. A person can drive to the mall to drop
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unwanted stuff. There are total two gates which
accept the donation. A third gate is meant for different
kinds of hazardous products. The gate no 2 is
opened in winter while gate no 3 is for summer for all
kind of items. Mall accepts all kind of items including
textiles and furniture. Apart from the in-house collec-
tion, the organization has two collection bins located
at waste recycling stations in Eskilstuna and
Stragnas. Goods are delivered from these external
collection centers once a week in peak time and once
a month at low season. The stores are not allowed to
receive direct donation in-store (exception-high fash-
ion clothing store) since the mall does not want to
have any trade activities and risk of black money. The
high fashion clothing shop is allowed to collect items
in the mall since they already had that service before
they moved into the mall. It is a part of their business
agreement to collect clothes. Another clothing shop
tries to establish collaborations with fashion retail
companies to place collection bins at their retail
stores, this will able help companies to collect high-
quality clothes. Adjacent to the Mall, there is recycling
station where one can drop all kind of waste (which
cannot be reused). In total, the recycling stations are
visited by around 400 cars each day. The policy of
the mall is to accept all goods that an inhabitant
offers for donation, but according to the mall manag-
er, she has got information that the sorting staff in
some cases tells the individual that the goods are
unwanted and refer them to the waste recycling sta-
tion.

Sorting

There are total six people working in the collection
and warehouse and they are hired by Eskilstuna
municipality. They are either physically challenged
persons or suffer from another kind of disability. After
receiving the donation, they sort the items in the rel-
evant section of each shop. The Shops person then
can come and sort items according to their require-
ments in the section, but they are not supposed to
look into the unsorted donations. The Mall manager
had made a list of items meant for different shops as
per their agreement. Those lists are revised by the
mall manager from time to time. The revision will be
done in collaboration with the shops and those who
work with the sorting. The school receives goods
from the warehouse. The school also has a list, but in
addition to this standard list, the students and teach-
er give a weekly list with the desired object depend-
ing on their current work. The School is offered all
other goods that none of the other shops wants, an
example form the observation was an old piano.
Mostly textile based unique collection is offered to
training schools. The students show their creativity
on unwanted used items.

The inflow of goods to the sorting station varies from
day to day and in some periods there are too many
goods to care of for the shops. Since the flow is
important due to the limited area for storage the mall
offers the goods to charity organizations and different
churches. The last option is disposing off to the
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recycling station, something that they try to avoid but
sometimes it is necessary as per mall manager. In
the beginning, the shops were gentle with each other
and took everything that was offered. After three/four
months the shops are more careful and it is a bit of
competition about the goods. The clothes are first
offered to the high fashion shop according to the ear-
lier agreement. All clothes are therefore placed in
their area and the staff at that shop will sort it. If it is
children clothes it will be placed in the area of the
kid’'s shops. If there are lots of clothes, the staff will
not sort it piece by piece, instead, they will divide the
plastic bags. At present, the recycling mall does not
have data about the goods that are collected and
how much goods are sorted per day. Through the
sorting, the staffs of the recycling mall have started to
know what kind of products each shop wants.

Reprocessing

Design laboratory for student located inside the recy-
cling mall is the only place that is doing reprocessing
or redesign activity on collected textile materials.
However, children clothing shop has washing and
ironing facility and the space to perform minor pro-
cessing. Remaining all other shops sells collected
goods without performing value addition. High fash-
ion clothing shop washes some items at home. High
fashion clothing shop also offers re-designed baby
clothes and re-designed hood for strollers. One
stroller hood cost between 1000-15000 SEK. The
mall manager has great vision in increasing value
addition on old products. On 5 years down, mall has
planned to sell clothes at an average price of 300
SEK.

DISCUSSION

The reverse value chains of clothes are influenced by
different factors. Paras et al. [20] have identified dif-
ferent factors such as business system, awareness
and value creation. Some of the factors have been
found relevant to the recycling mall study are dis-
cussed as follows:

Business process design: The recycling mall
seems to have an excellent business plan. Facilities,
as well as vision for the business, are unique and
excellent. A municipality-owned company (Eskilstuna
Strangnasenergiochmiljé) owns the recycling mall. The
core business for Eskilstuna Strangasenergiochmiljo
is waste management and electricity generation. The
whole infrastructure is also owned by the municipali-
ty company and the recycling mall hires the area that
is needed for the mall. Parts of the total area are then
leased to privately owned companies such as charity
organizations, social businesses and for-profit shops.
The recycling mall is the facilitator for the all second
hand stores. Stores are supposed to pay 1400
SEK/m?Z annually. During 2015 and 2016 there was
50% discount on rent. Beside this, shops are sup-
posed to pay for other services on their own, for
example, electricity and internet. The rent cost
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includes the space as well as second hand goods, so
the shops pay for both space/area and goods.
During the first two years (2015 and 2016) the munici-
pality gives the recycling mall a subsidy (2.5 million
SEK per year) but from 2017 there was a plan to
make the recycling mall economically independent.
However, the mall is supposed to function by own
from 2017 and will get only 50,000 SEK grant from
the municipality. So they are looking for a private
player like IKEA, H&M to open recycle or reuse store
in the mall. Some of the shops also offered new prod-
ucts, but in this case, the items have to be friendly in
some way to be accepted by the mall. The newly pro-
duced products may not be a major part of the shop’s
assortment. Before a shop is allowed to establish in
the mall, the business plan of the shop is examined
and it is important that the shop has a business per-
spective of reuse and make a profit out of used prod-
ucts. In this process, the shop representative and the
mall manager also discuss and agree on the kind of
products the shop shall receive.

Value creation: Focus has been given to givea new
look of the old and discarded product. The vocation-
al training school is doing huge efforts to redesign old
products.

—J_) Value adding activity —l
Recycling Mall

(Collecting area) » Shop P Customer

Fig. 2. The process of value addition

Value addition on the old product is a prime focus
area for the mall and in the future ambition is that
the shops do some value addition on the collected
goods. Discarded product seems to be having zero
value for consumers without any value addition. Each
shop decides the price for the products they sell. At
present, clothing product is sold at the average price
of 100 SEK. Most of the individual donates good
quality clothes. However, they are not keen on pur-
chasing clothes from the mall. They will always criti-
cize the price in spite the price is much lower in the
mall shops.

Information: Reaching to people is the prime con-
cern. The financial limitation is found to be the main
hindrance in advertisements. Table 1 represents the
methods that are followed by the mall to reach to the
consumer.

Table 1

ADVERTISEMENT METHODS

Local newspaper advertisement

Local broadcast campaigns

Social media like Facebook, Instagram and Twitter
Inviting students and other people to visit the mall
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The advertisement is mainly focused on the con-
sumers to raise the awareness of reuse, recycling
and the mall. The advertisement budget is currently
50,000 SEK a year so most of the work is done by the
mall manager. The owner company (Eskilstuna
Strangnasenerigochmiljo) has an information depart-
ment that helps the mall a bit, for example with the
homepage and social media, but long-term view of
the department is that the mall shall manage its own
business.

Initially, the mall had the campaign to invite shops in
the region, but the budget for that campaign is uti-
lized and the mall will have less money in the future
for that kind of campaigns. There have been mostly
positive reactions from consumers, companies in the
city and other stakeholders. Individual consumers
have complained that some products are missing in
the mall, but negative comments have been few. The
mall manager describes that when a customer visits
the mall for the first time often experience a feeling of
surprise. The mall manager thinks that they need to
improve and expand the communication and adver-
tisements in the future to be successful. She says
that “if you shall be a real mall, people must be able
to hear you.”

CONCLUSION

The study shows that the recycling mall has been
established near a recycling centre to promote the
concept of reuse. Instead of disposing of goods to
incineration, individuals are encouraged to donate
the goods to the mall. The collected products are
sorted on the basis of type by mall employees and
kept at the different designated location of each ten-
ant of recycling mall in line with their contract.
Employees of the tenants visit the warehouse to
receive and sort their assigned goods according to
conditions and product categories. Some of the ten-
ants have facilities to re-design, repair and wash the
garments to improve the functionality of products.
The mall management is doing efforts to increase the
number of upcycling activities that the tenants per-
form to increase the value of the reused goods. The
reuse mall also provides workshop and laboratory
space to the college involved in the education of
reuse and re-design. Students of the college experi-
ment with donated goods to redesign new products.
Still, redesign practice at the mall is in its initial phas-
es, recycling mall is indeed a revolutionary concept to
enhance the practice of reuse. Future research can
study the scope of recycling mall across different
geographical locations.
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ABSTRACT — REZUMAT

Computer aided design of knitted and woven fabrics and virtual garment simulation

Pattern cutting, sizing and fit are major issues for the clothing brands. All fashion companies are interested on how the
product will fit their target customers and this involves making samples that eventually will not look or fit as per the
desired design. 3D technology solutions are truly the best to deal with the existing needs of clothing manufacturers in
order to diminish the costs and time of the sampling process, to improve the quality and reduce the rejects. In this study,
the authors used automation techniques like computer pattern design, computer aided fabric production and 3D
Simulation software. Two different fabrics (woven and knitted) were designed and produced. Then their material
properties which have to be known by the 3D simulation were determined by official and in-house standards. Finally, 3D
visualizations of dresses were created by using pattern and material data of the fabrics. By this study we were able to
explain the product development route, from fabric design to garment prototype by using computers, for the companies
willing to benefit from the advantages of computer aided design and manufacture.

Keywords: 3D, garment design, garment simulation, woven fabric, knitted fabric.

Proiectarea asistata de calculator a tesaturilor si tricoturilor si simularea in spatiul virtual a imbracamintei

Realizarea tiparelor, stabilirea gamei dimensionale si modul de asezare a produselor pe corpul purtatorilor sunt
probleme majore cu care se confrunta firmele producétoare de imbracaminte. Toate companiile de moda sunt interesate
de modul in care produsele de imbracaminte sunt adaptate la cerintele consumatorilor, iar acest lucru implica realizarea
de mostre care, la final, s-ar putea s& nu arate conform design-ului dorit. In sprijinul producétorilor de imbracaminte vin
solutiile tehnologice 3D care au ca scop diminuarea costurilor si a timpului procesului de esantionare, imbunatatirea
calitétii produselor si eliminarea produselor neconforme (refuzate). In acestd lucrare, autorii au utilizat tehnici de
automatizare precum designul materialelor, producerea acestora si simularea 3D a imbracamintei. Doua materiale
diferite (tesute si tricotate) au fost proiectate si produse. Apoi au fost determinate proprietéafile acestora, proprietati care,
alaturi de tipare, au fost utilizate pentru realizarea simularii 3D a rochiilor. De asemenea, pentru companiile care doresc
sd beneficieze de avantajele proiectarii si fabricérii asistate de calculator, a fost prezentat modulvoltare a unui produs

de la proiectarea asistata de calculator a materialelor la prototipul imbracamintei.

Cuvinte-cheie: 3D, design vestimentar, simularea imbrdcamintei, tesatura, tricot

INTRODUCTION

In front of increasingly demanding consumers, who
expect variety, low prices and quality products, the
CAD/CAM programs (such as 2D patternmaking and
3D clothing design and modeling) can improve the
flexibility in design, productivity and speed to mar-
ket [1]. According to garment manufacturers and
fashion retailers, the pattern cutting, sizing and fit are
major issues for the clothing brands. All fashion com-
panies are interested on how the product will fit their
target customers and this involves making samples
that eventually will not look or fit as per the desired
design [2]. Power J. considers that the product devel-
opment time can go to 70% in a typical garment life
cycle, while the actual manufacture is 30% [3]. 3D
technology solutions are truly the best to deal with
the existing needs of clothing manufacturers in order
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to diminish the costs and time of the sampling pro-
cess, to improve the quality and reduce the rejects
[2].

Virtual garment design and 3D simulation [4-11]
have to take into account not only the physical char-
acteristics of the fabric (density, thickness, deforma-
bility) but also it has to combine a large spectrum of
techniques such as mechanical simulation, collision
detection, and user interface techniques for creating
garments. The virtual prototyping can be successful
only when all specific characteristics of the textile
materials and accurate virtual body models to simu-
late the garment fit are fully taken into account [12].
Assyst Vidya 3D [13] is a leading software for the 3D
simulation of apparel and enables the visualization
and simulation of collections, with correct body
dimension data, original CAD designs and real mate-
rial parameters. It simulates persons with realistic
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body measurements, volume and movement behav-
ior. It also uses real material parameters, allowing the
natural stretch behavior and the structure of a fabric
to be checked on the screen. Drape, elasticity and
structure correspond to the fabric’'s natural move-
ment behavior Human, pattern and material interact
perfectly for the simulation and the same body mea-
surements/size tables are used in CAD and for the
creation of avatars. The simulated 3D garment con-
sists of the sewn 2D CAD pattern pieces, just like in
real life.

The first step in our paper was to generate the Argyle
pattern designs in Adobe lllustrator. After the design
part, the second step was to realize the woven and
the knitted fabrics. The woven and knitted samples
were produced on a SMIT Textile GS900 Jacquard
Loom respectively on a Shima Seiki Knittingmachine.
The designs were transposed in these two types of
fabrics because the computer-aided woven fabric
design has been the first topic in the automation in
textile industry [14]. It has been developed to be one
of the most effective processes nowadays, mean-
while it is possible to create products through knitting
with outstanding characteristics, such as: knitting to
shape, great flexibility in production, controlled prop-
erties, and excellent formability [15]. The second step
was to determine the properties of knitted and woven
fabrics (Thickness, Grammage, Stretching, Bending,
and Friction) and to convert them to Vidya 3D
Software parameters. Simulations were done by
using Human Solutions Assyst Vidya 3D software
version 20.17.2.31690. The garment was fitted on a
virtual mannequin in order to visualize the draping of
the knitted and woven fabrics before the manufactur-
ing. The data collected were used as input for mate-
rial wizard parameters. In addition, the photos of the
fabric were taken and their texture was transferred to
the software for realistic visualization. The final step
was to make the real prototype of woman’s dress
according to the real body measurement for size 38.
The aim of the study was to make a lab-scale pro-
duction to explain automation techniques like com-
puter pattern design, computer aided fabric produc-
tion and 3D simulation software in an apparel product
development route. For this purpose, two different
kinds of fabrics (woven and knitted) were designed
and produced. The material properties required for
the 3D simulation software were determined by using
various standard and in-house test methods. The
measured material data were interpreted to the 3D
software considering behaviors of the clothes in the
visualization and 3D prototypes of clothes by these
materials were obtained. The detailed explanation of
methodology will be beneficial for the companies who
are going to implement computer aided design and
manufacturing into their manufacturing line.

MATERIALS AND METHODS

Argyle pattern designs

Taking into account the fashion trends, in the present
paper the authors intended to create different Argyle
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Patterns designs, using
the instruments of Adobe
lllustrator (figure 1). Next
step was to make the
woven and knitted fab-
rics.

Woven fabric

The woven fabric has
been weaved on a SMIT
Textile GS900 Jacquard
Loom (figure 2). This is
an appropriate loom for
a large variety of appli-
cations [16], from gar-
ment fabrics to home
textiles, terry cloths and
technical fabrics. Provided with an electronic
jacquard machine Staubli DX-100 of 1.408 hooks, the
harnesses are built in straight tie order, which allows
the correct ordering of the yarns for interlacing and
thus obtaining the required drawing. Regarding the
fabric structure, the width of the loom is 160 cm, and
the beam is composed by 9,600 threads, with a set of
60 picks/cm in the comb. The count of the warp
thread used is polyester 17 TEX, in brown colour. The
weft is composed by two different yarns with the
same count 12.4 TEX, made of polyester fibre, in dif-
ferent colours in relation 1:1, one sky colour multifila-
ment and the other one is white multifilament colour.
The fabric has a weft density of 72 picks/cm and the
structure of the fabric is double face by weft. This
design has been achieved by combining three differ-
ent weaving types of the fabric, and with the correct
combination of colours of the warp and weft threads.
To obtain the complete design, the pattern repeats
every 11.4 cm.

Fig. 1. Argyle Patterns in
Adobe lllustrator

Fig. 2. The fabric made by Smit Textile GS900
Jacquard Loom

Knitted fabric

The proposed design was transposed into a jacquard
knit, made on a Shima Seiki knitting machine. The
knits with Jacquard drawings are characterized by
large and very large drawings the first step was to
decide the size of the pattern or design. Thus, was
decided that the drawing ratio should have a width of
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6 cm and a height of 24 cm, repeating itself on the
entire surface of the knit.

After that was draw on the computer screen, the
pattern on a grid, with the help of a specific design
program for knitting machines, in which each square
will be a stitch (in our case the ‘KNIT’ program has
been used from the manufacturer SHIMA-SEIKI) (fig-
ure 3). The design was done drawing in the first
phase the ground structure, and on it, the different
colours that will form the final drawing are incorporat-
ed successively. The colours used for the design are
not random, but must be selected from a colour tablet
proposed by the software manufacturer, and each
colour has a specific meaning. When the stitch
design has been completed, the instructions for the
machine must be incorporated into the drawing on
the screen: speed, take down, yarn feeder used for
each colour, stitch quality, cycles, etc.

Once the design is completed and all the commands
have been analyzed by the software to detect possi-
ble failures, the program generates a file in the
machine-language that can be transferred to the knit-
ting machine through a wire from the programming
computer, or with the help of an external memory
(pen-drive).

After feeding the knitting machine with the yarns
used, the actual knitting was performed. The knitwear
has a horizontal width of 27 strings/50 mm and a ver-
tical 25 rows/50 mm, which gives the knitwear the
necessary properties to be used in subsequent fabri-
cation of many types of outwear products.

Fig. 3. The knitted fabric made by SHIMA-SEIKI

Determining properties of fabrics and converting
them to Vidya 3D Software parameters

Analyzing the mechanical properties can enhance to
determine the behaviour of the fabrics during clothing
exploitation [17]. Samples of woven fabric and knit
obtained were analyzed and subjected to tests that
determined the following properties (Thickness,
Grammage, Elongation, Bending, and Friction
Coefficient).

The thicknesses of test samples were measured by
Satra-Thickness gauge according to ISO 2589:2016
(IULTCS/IUP 4standard. The grammage of test
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samples were measured by Analytical balance
according to ISO 3801 standard.

Shimadzu AG-IS Tensile Tester and Trapezium-2
software were used for elongation test according to
EN ISO 13934-1 standard. Five samples were taken
with the size of 50 mm x 250 mm per weft, warp and
diagonal direction. Clamping width was 50 mm and
clamping length was 200 mm. The test started with-
out any pre-load. Testing speed was 100 mm/min. In
Vidya 3D, to determine the force, the garment fit has
to be considered. The closer the garment fits to the
body, the higher the value for this parameter.
Following forces occur while wearing clothing. Value
Explanation: 20 N/m: Loose fitting, 40 N/m: Tight fit-
ting, 60 N/m: Shape wear, 80 N/m: Compression
wear. Dress model was chosen and thus defined
force was selected 20 N/m. In stress-strain diagram,
the elongation at 20 N/mm was observed and noted
as Elongation %.

Fabric bending rigidity is one of the most important
factors, which has effect on handling, and comfort of
apparel; in 1930, the bending behaviour has been
explored quite extensively, beginning by Peirce [18].
On the other hand, bending rigidity is one of the most
important properties of fabrics and is a key compo-
nent in deciding fabric handle and drape. It is an
important contributor to fabric’s formability [19], buck-
ling behaviour [20], wrinkle-resistance [21] and
crease resistance [22].

Shirley stiffness tester is used for bending stiffness
according to ASTM D1388 standard. The principle of
this test is to measure the length of the strip-cut sam-
ple with a horizontal angle of 41.5°. The device has a
smoothly slippery plate P on the surface and an S
slider with a rough surface millimeter. Width of S slid-
er is 2.5 centimeters and length is 15 centimeters. In
the horizontally placed section of the sample pre-
pared with dimensions of 2.5 x 15 centimeters, the
sample was allowed to be released from one end
while it was allowed to be released by its own weight
on the other hand. Observation lines have been
drawn on the lateral transparent covers of the device,
which pass through the leading edge of the upper
plane and make an angle of 41.5°. When the tip of
the sample reaches a slope of 41° below the hori-
zontal, the hanging length is twice the length of the
bending length. Bending rigidity was calculated for
each sample at the front and back of fabrics. The
bending properties of the woven and knitted fabrics
govern many aspects of the fabric’'s performance,
such as the hand and drape, and they are an essen-
tial part of complex fabrics deformation analysis.
FricTorq device is an improved system for the deter-
mination of dynamic friction coefficient. The device is
used to determine the dynamic friction coefficient
based on the torque of the rotation. For the friction
coefficient test, two samples were taken from each
sample with the help of the template with the diame-
ter of 13 centimeters. The top plate is removed so
that the test sample can be placed in the device. The
sample was placed on the centre of the main disc.
The sample was compacted onto the main disc by
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Table 3

THE PROPERTIES OF THE FABRICS

Fabrics

Knitted

Datasheet specifications

Knit type and Weave type

Jacquard Jersey

Plain fabric (Jacquard)

Fibre content Acrylic fiber Polyester fiber
Width (cm) 75 160
Weight (gr/m?) 325.54 235.90
Thickness (mm) 1.09 0.38

Weft Warp Bias Weft Warp Bias
Elongation at 20 N/m (%) 61.2985 42.7015 39.7565 4.09 5.1505 12.647
Bending (mg.cm) 443.76 625.83 - 855.63 1247.81 -
Friction Coefficient (Back) 0.65 0.33

the weight of the press ring itself. Four vertical guides
restrict it. The centre disk is placed on the press ring.
It must definitely be removed before the start of the
test. The contact sensor is placed on the sample so
that it enters into the round space on the centre disk
and the device is operated. The device gives the
kinetic friction coefficient (u) value of the sample sur-
face. In Vidya 3D, this data means a friction between
avatar and the fabric. Because of that, results of the
backside of the fabric were chosen.

The thickness of the knit pattern is much larger than
the one weighed because of the way the two types of
materials are obtained. This is also reflected in the
weights of the two material samples — the knit is
heavier than the fabric. The elongation of the two
types of material (in all directions) is significantly
higher for knit — this is one of the main characteristics
that differentiate the two types of fabrics. The higher
the thickness of the knit affects its ability to be bent —
the bending knit value is almost half that of the fabric.
The coefficient of friction is much higher in the case
of knit — which will favour the occurrence of the piling
phenomenon on the products made of these materi-
als. Even though there are significant differences
between the properties of the two types of materials,
both are suitable for use in the fabrication of a wide
range of clothing products.

After these properties were determined, they were
converted to Vidya 3D Software parameters. Vidya
uses real material parameters to display the natural
stretch behavior and structure of the fabrics. Human,
pattern and material interact perfectly so that drape,
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elasticity and structure correspond to natural move-
ment behavior.

The data collected were used as input for material
wizard parameters. Simulations were done by using
Human Solutions Assyst Vidya 3D software version
20.17.2.31690. The data collected were used as
input for material wizard parameters. In addition, pho-
tos of the fabric were taken by a DSLR camera and
their textures were transferred to the software for
realistic visualization. Further on was created the 2D
dress patterns (figure 4).

The flat pattern pieces were placed on a virtual
body. Our aim was to place the patterns as close as
possible to the body surface and, for this, a manual

Fig. 4. 2D patterns
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placement with an automatic function was used.
Knowing that the seams would bring together the
edges of the patterns, it was required to approximate
the initial positioning. The space between two seam
lines had to be as small as possible in order to get a
proper final garment.

The fabrics parameters, and particularly the physical
parameters of the knitting and woven texture were
adjusted through the garment material wizard panel.
There are two categories of parameters in 3D simu-
lation program: global parameters (gravity, collision
distance and detection modes) and local parameters
(thickness, bending rigidity, friction values and elon-
gation). While global parameters are mainly related
with software and how it adjusts the realism in virtu-
alization: local parameters on the other hand are
related with the material properties and how the fab-
ric acts in the simulation. The measured fabric param-
eters of knitted and woven samples were used as
input for the garment material wizard panel of the
software. Detailed photographs of the samples were
taken in well and homogenous-lighted environment,

=

Fig. 6. 3D garments design by using AssystVidya 3D software

Fig. 7. The final garment
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they were used as input for the texture panel of the
software.

Once the texturing and fabrics parameters were set,
the mechanical simulation could be performed in
order to observe the “fitting” of the garment. In this
way, the surfaces were brought together along the
seam lines as shown in figure 5.

After the placement of the patterns around the virtual
mannequin, the seaming was executed in order to
visualize the virtual product and to simulate fabric
drape and fit. Simulation of knitted fabrics can be
seen on the left and the woven fabric on the right in
figure 6. The real dresses are shown in figure 7.

CONCLUSIONS

As a consequence of high-quality clothing demand
and strong competition, many manufacturers started
to use the automation technology, which enables the
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clothing companies to generate strategy, communi-
cate, and make the whole process quick and precise.
Nowadays, the virtual garment simulation is related
to an increased speed of the production chain, with
great impact on price, on the ability to offer to cus-
tomers more than two collections in the same year.
From the study presented, it can be concluded that
the knitted material has a higher thickness and is
more voluminous while the woven fabric has more
drape and flow resulting from its lower thickness. The
knitted loop structure confers high stretch ability and
elasticity to the fabric, while the intersection of yarns
at right angle gives proper stability and durability to
woven fabric. We can say that even though there are
significant differences between the properties of the
two types of materials analyzed in this paper, both
are suitable for use in the design of the dress model
proposed in the paper.

3D visualization software allowed us to see and
explore the dresses made from woven and the knitted
fabrics on a virtual mannequin before the manufac-
turing. The virtual garment visualization represents
an important step in the field of digital design and the
apparel manufacturers have shown a special interest
in its development. These programs have their own
material databases, but apparel companies can also
introduce their own materials. The success of this
software directly depends on how the material prop-
erties and textures are imported into the program
which requires experience of the operator. In this
study the methods how the material properties were
implemented into the program are explained in detail
and, by using correct parameters, realistic visualiza-
tion of dresses were obtained. This automation
methodology from fabric design to garment prototype
will be beneficial for companies who are willing to
save time, labor and cost.
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Numerical simulation of the effect of flow field in swirl nozzle spinning
on yarn performance
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ABSTRACT - REZUMAT

Numerical simulation of the effect of flow field in swirl nozzle spinning on yarn performance

Swirl nozzle spinning is an effective method to reduce ring-spun yarn hairiness due to device structure and vortex
characteristics. This study establishes a computational domain of a swirl nozzle comprising an air inlet channel and a
yarn channel to investigate the characteristics of the vortex in the swirl nozzle and the effects of inlet pressure on the
wrapped force of the yarn. Simulation results show that the airflow rotates clockwise toward the two yarn entrance
directions; moreover, the pressure at the central area of the yarn channel is lower than that of the surrounding area,
which is good for the yarn’s steady movement and free fibers wrapping on the yarn surface into the yarn body. When
the inlet pressure is high, the pressure spreading to each section of the yarn channel is also high. When the difference
between the pressure near the inner wall and the yarn axis is high, the yarn surface has added high pressure, and the
velocity and its fluctuation are also high. Experiment result reveals that 0.2 MPa is sufficient in significantly reducing yarn
hairiness and that operating the nozzle under a low air pressure is economical. Thus, the numerical simulation can
provide the theoretical as well as quantitative reference for the vortex tube design in the coming future.

Keywords: swirl nozzle, vortex, hairiness, free fiber, inlet pressure

Simularea numerica a influentei cAmpului de curgere in filarea cu duze in spirala asupra performantei firului

Filarea cu duze in spirald este o metoda eficientd pentru a reduce pilozitatea firelor filate cu inele datorita structurii
dispozitivului si a caracteristicilor sistemului Vortex. Acest studiu stabileste un domeniu de calcul al parametrilor de
proiectare a duzelor in spirala, care sunt formate dintr-un canal de intrare a aerului si un canal de fire, pentru a investiga
caracteristicile sistemului Vortex in duza in spirala si influenta presiunii de intrare asupra fortei de infasurare a firului.
Rezultatele de simulare arata ca fluxul de aer se roteste in sens orar spre cele doua directii de intrare ale firelor; in plus,
presiunea in zona centrald a canalului de conducere a firelor este mai mica decét cea a zonei inconjuratoare, ceea ce
este corespunzator pentru miscarea uniforma a firelor si infisurarea fibrelor libere pe suprafata firelor in corpul firelor.
Cand presiunea de intrare este ridicata, presiunea distribuita pe fiecare sectiune a canalului de conducere a firelor este,
de asemenea, ridicata. Cand diferenta dintre presiunea din apropierea peretelui interior si presiunea din axa firelor este
mare, suprafata firelor prezinta o presiune ridicata, iar viteza si fluctuatia sa sunt, de asemenea, ridicate. Rezultatul
experimentului aratd ca o valoare de 0,2 MPa este suficientd pentru a reduce semnificativ pilozitatea firelor, iar
functionarea duzei la o presiune scdzutd a aerului este economicd. Astfel, simularea numerica poate oferi o referinta
teoretica, precum si cantitativa pentru proiectarea tubului vortex in viitorul apropiat.

Cuvinte-cheie: duza in spirala, vortex, pilozitate, fibra libera, presiune de intrare

INTRODUCTION

Yarn hairiness is a key factor affecting yarn and fab-
ric processes and properties. Some new technolo-
gies have been developed to reduce the hairiness of
ring spun yarns, such as compact spinning [1-2], jet
ring spinning [3] and the use of a contact surface or
air nozzle [4]. Initially introduced in 2012, swirl nozzle ('“T“Pf“:ﬁ
spinning is a novel method to reduce ring yarn hairi-

ness [5]. Vortex nozzle ring spinning is composed of
a yarn channel and an air jet nozzle, and it is
attached to a traditional ring spin frame (figure 1).
When compressed air from the air jet nozzle to the
yarn duct is applied, the swirling airflow tucks the sur-
face fibers of the ring-spun yarn into its body to
decrease yarn hairiness. Compared with the other
methods above, swirl nozzle spinning is simple to
install, easier to operate, and cost lower. This method
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has a remarkable capacity in reducing hairiness [6].
Some studies on reducing ring-spun yarn hairiness
have been conducted through experimental meth-
ods, but the mechanism remains unclear. Therefore,
the present work focused on investigating the effect
of airflow in the nozzle and different air inlet pressure
on the fiber of the yarn surface using numerical and
experimental methods. Numerical simulation can
provide the theoretical basis for the experiment
result, which plays an important role in optimizing the
structure of the nozzle and test parameters.

NUMERICAL SIMULATION
Simulation model

Figure 2,a presents the 3D geometric model of a
swirl nozzle, including the airflow inlet and yarn guide
channels. In the figure, compressed air flows into the
yarn path from the air inlet. When the airflow arrives
at the junction of the airway and yarn path, it reaches
a relatively high pressure. Subsequently, the air vor-
tex possessing axial and circumferential velocities is
simultaneously generated in the yarn path to make
the yarn hairiness stick take before flowing out from
the two outlets. The corresponding Outlets 1 and 2
are simultaneously the exits of the airflow and the
import and export of the yarn. Figure 2, b shows the
structural parameters of the swirl nozzle. Airway tan-
gents clockwise to the yarn path, which divides the
yarn into two unequal parts. Airway diameter is small-
er than that of the yarn path.

Cutlet 1

L+ Airinlet

w— Yarn channel
-— Yam

Outlet 2 —»

i

14 mm Smm

b
2 mm
¥

=T

1.4 mm rL

b

Fig. 2. Fluid domain parameter of the swirl nozzle:
a — fluid domain of the swirl nozzle; b — three view
drawing of fluid domain of the swirl nozzle

Method of numerical simulation

Simulation method combined with theoretical analy-
sis and experimental method is widely used to solve
application problems in textile, thereby improving the
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efficiency of problem solving [7-9]. In this study, CFX
(CFD software) is used to simulate the airflow in the
swirl nozzle. The computational domain is meshed
using an unstructured tetrahedral grid. Inflation layer
is used inside the yarn channel wall to provide a more
accurate prediction of flow characteristics [10]. In
addition, the airflow is considered as viscous and
incompressible. Turbulence model is adopted for the
turbulence.

Boundary conditions

The simulation model is a computational domain with
a fluid inlet and two outlets. Various inlet pressures
are set. The pressure, temperature, and velocity of
the inlet are set as follows:

P, =(p+0.1013) x 0.528 (1)
T, =0.833T (2)
Vin =N YRTin (3)

Where p is the pressure in the store jar (p = 0.05,
0.10, 0.15, 0.20, 0.25 MPa), T — atmospheric tem-
perature (T = 293 K), vy is specific heat capacity (for
ideal gas, v = 1.4), R — universal gas constant (R =
287.1 J/IKg-K).

The outlet pressure is equal to the atmospheric pres-
sure (0.1013 MPa). All walls are regarded as non-
slip, and an adiabatic boundary condition is imposed
in the calculation area; thus, the flow velocity is zero
and no heat transfer occurs at the wall. The yarn
material is considered as structural steel, and airflow
cannot pass into the yarn interior; thus, yarn defor-
mation is ignored.

RESULT AND DISCUSSION
Characteristics of the swirl nozzle vortex

Figure 3 shows the flow trajectories of the com-
pressed air in the swirl nozzle. As illustrated, a blast
of compressed air flows from the air inlet into the yarn
channel. The airflow along the circular yarn channel
rotates and generates a strong vortex composed of
circumferential and axial velocities and exits from the
two outlets. Moreover, the airflow immediately enters
the yarn channel from the air inlet, the pressure of the

Pressure
' 1A=

111 le-001

. 5 U0

4 6620003

2 Ny

Fig. 3. Flow trajectories in the swirl nozzle
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yarn channel wall peaks and then gradually reduces
gradually to flow into the outlets. The pressure at the
central area of the yarn channel is lower than that of
the surrounding area, which is good for the yarn’s
steady movement.

The rotating channels on both sides are an asym-
metrical structure; thus, the distances of the air inlet
to two outlets differ. The longer distance is of the
untwisted area; the airflow rotates clockwise toward
the yarn entrance direction, which is in the opposite
direction of the yarn twist direction. The shorter dis-
tance is of the re-twisted area; the airflow rotates
clockwise to the yarn exit direction, which is in the
same direction of yarn twist direction.

As plotted in figure 4,a, yarn twist zone and twist
zone length differ; to analyze the vortex characteris-
tics, 15 cross-sections of the rotating channel are
extracted. As shown, section O-O is selected to
describe the airflow characteristics, which immedi-
ately enters the rotating channel from the air inlet.
Section H-H and F'-F' are chosen because it is locat-
ed near the outlet of the rotating channel, where yarn
enters and exits. The rest of sections are placed to
observe the development of the vortex.

Figure 4, b presents the distribution of velocity vector
in diferent cross-sections while the inlet pressure is
set to 0.5 MPa. The two symmetrical sections have
the same velocity vector distributions, where an obvi-
ous vortex is evident. As shown, longer arrow means
faster airflow velocity; high velocity airflow distributes
around the surface of the yarn, which is advanta-
geous for wrapping long fibers of yarn surface. In
addition, the circumferential velocity decreases along
the two sides of the rotating channel.

Yarn channel inlet Yarn channel outlet
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Fig. 4. Circumferential velocity vector in the yarn
channel: a — cross sections of the yarn channel in
different positions; b — circumferential velocity vector
in the yarn channel in various cross-section
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Effects of the vortex on the fiber on the yarn
surface

As shown in figure 5, the forces generated by the air-
flow are the wrapped forces F and F', which are the
resultant forces of F1 (along the x-axis), F2 (along
the y-axis), and F3 (along the z-axis), and F1' (along
the x-axis), F2' (along the y-axis), and F3' (along the
z-axis), respectively. In addition, the relative revolving
action F, and F1'is also applied on the free end of
fiber due to the self-twisting of the yarn. Thus, the
total wrapped forces F; and F;' acting on the fibers
on the yarn surface can be obtained as follows:

In the untwisted area, airflow acts on the consequent
hairiness mainly as follows:

Fr=F+F/ (4)
- - —> —
Fr=F+F'F=F1+F2+F3 (5)
In the re-twisted area, airflow acts on the consequent
hairiness mainly as follows:

F/=F+F1 (6)

- = = —>
F=F1"+F2'+ F3' (7)
According to the formula of flow around the cylinder,

the forces generated by the airflow are related to
pressure and airflow velocity [11].

Y
Xt
Untwisted part Re-twisted part
’ N
/ Hairiness /
Z-twist yam
»
Compressed air 7 > 4 >
r & Fr,

Fig. 5. Force schematic diagram of the yarn under
the airflow condition

Effects of inlet pressure on the wrapped force
of the yarn

Considering that yarn requires the proper wrapping
force to attach yarn hairiness, the comparisons of the
vortex pressure in the different cross-sections under
diferent inlet pressures with 0.05, 0.10, 0.15, 0.20,
and 0.25 MPa are presented in figure 6, a. As shown,
the negative pressure zone produced by the airflow
acting on the yarn at the yarn channel entrance
spreads progressively small with the increase in inlet
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pressure; this phenomenon occurs because when
the inlet pressure is higher, the pressure spreading to
each section of the yarn channel is higher; the sub-
sequent greater pressure difference existing near the
inner wall and yarn axis makes for an easier hold of
the yarn, thereby resulting in its steady movement
and effective functioning as wrapping fibers. Hair is
subjected to a higher total air pressure due to a
reducing pressure gradient from the inner wall of the
yarn channel to the axis.

Figure 6, b shows the yarn surface in the simulated
nozzle under different air pressures. Clearly, yarn
surface has added high pressure area with the
increase in inlet pressure and high and low pressure
alternating distribution, thereby easily wrapping the
free fibers into the yarn body. However, a significant
high pressure would break the yarn structure and
blow away some free fibers, which may cause fiber
loss. Thus, the air pressure should be properly select-
ed in the actual processing.
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Fig. 6. Pressure distribution of swirl nozzle and yarn
surface: a — pressure distribution in various yarn channel
sections under different pressure conditions;

b — pressure distribution of yarn surface under different
pressure conditions

Wrapped force acting on the yarn surface is known to
depend on the surface pressure and velocities u, v,
and w. Four lines on the yarn surface are selected as
the research objects to study the effect of inlet pres-
sure on yarn; the lines are marked Line A, Line B,
Line C and Line D, as shown in figure 7.
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Line B

Fig. 7. Position of the four lines selected from the yarn
surface

Figure 8 shows the pressure of air acting on the yarn
surface under different inlet pressures. The total
pressure trend acting on the yarn under different inlet
pressure levels are similar. For Line A, the air comes
from the air entrance; whereas the pressure sudden-
ly increases near the wall of the yarn channel. This
sudden increase in pressure is due to the generation
of shock waves, which changes the direction of the
airflow movement and creates a swirling effect
toward two directions. Then, the pressure decreases
due to the presence of two air exits, where air diffus-
es very quickly and then stabilizes gradually. Under
different inlet pressures, the impact of airflow acting
on the yarn is greater in the junction of the yarn chan-
nel and airway with the increase of inlet pressure.
Pressure difference becomes gradually smaller with
air flowing out the yarn channel. The pressure gener-
ated by Line B increases and decreases; a higher
inlet pressure means a greater pressure fluctuation.
To some extent, this trend of pressure is advanta-
geous to wrap yarn surface fibers and push down the
fiber of the yarn surface from a high-pressure area to
a low-pressure area. Lines C and D located on the
two sides of the yarn surface have a similar change
trend, which generates a high negative pressure,
subsequently undergoes pressure recovery, and
eventually levels off. Inlet air pressure affects the
negative pressure and air pressure fluctuation. To
sum up, the yarn surface requires moderate pres-
sure; if too low, the force is insufficient to wrap the
yarn; if too high, the free fibers are easily blown away,
thereby causing fiber loss and yarn tenacity.

The total air velocity acting on the yarn is resolved
into velocity u (along the x-axis), velocity v (along the
y-axis), and velocity w (along the z-axis). Velocity u
holds the yarn and makes it move steadily. Velocities
v and w play the function of attaching and wrapping
free fibers on the yarn surface [12]. Figure 9 shows
the axial component of the air velocity on the yarn
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surface under various inlet pressures inside the noz-  Velocity v (along the y-axis) and velocity w (along the
zle. Four lines have similar trends on velocity u; z-axis) play the function of opening the yarn structure
whereas axial air velocity suddenly increases near and wrapping free fiber into the yarn body. Figure 10
the yarn channel. Then, axial velocity decreases with  shows the y-axis component of the air velocity on the
air flowing out the two exits. Thus, the delivery effect  yarn surface under various inlet pressures inside the
of airflow on the yarn is becoming smaller. For differ-  nozzle. For Lines A and B, Y axial velocities are irreg-
ent inlet pressures, no difference exists in a short dis-  ular wavy lines. The significant fluctuation in Line B
tance while entering the yarn channel; then, pressure indicates that the air at the bottom of the yarn veloc-
increases with air flowing to the exits. A higher pres- ity changes more along the x-axis. The force acting
sure and greater speed at some point means closer on each position is uneven, which is good for attach-
to export and more evident difference. ing the surface free fibers. Compared with Lines A

and B, Lines C and D have small-

ok er changes, except that the
- = LineA g velocity in x = 0 is high. This phe-
0301 | s A o004 nomenon occurs because the air
P o [ 155 il 00054 i flow inlet direction moves toward
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Fos $ 8ol —— Different inlet air pressures create
o104 £ gots. i different velocities on the y-direc-
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Fig. 8. Pressure distribution of the four lines located on the yarn surface Lines B. C. and D is smaller than

under different pressure conditions that of Line A.

B 0 EXPERIMENTAL METHOD
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Fig. 9. Velocity u distribution of the four lines located on the yarn surface
under different pressure conditions

industria textila 563' 2019. vol. 70. no. 6



] T 20+ .
Line A ——
154 0.15MPa 104 '-.

0] 0.20MPa 3 ﬂ
= 0.25MPa _.’fét.} | i
51 L | i A o
- \ Bk T B £
;"'5- ‘" Al ! 1 }r ;-10- WOSMPa
|| \ | = . 10MPa
=10 4 [ -
| 20 15MPa
154 r I 020MPa
I 0.25MPa
204 I 20 2
25 . . ' . . g T 1 T r y
0015 -0.010 -0.005 0.000 0.005 0.010 Q05 0.010 0005 % 0.000 0.005 000
A
Xom g
. A N
1091 M\ LineC 10 '\ ! Line D
3l e | J
F e [ 2 4 \ G
: AV | > 10 V
2100+ e J B -
z = 2004 [IXGAN (LY
= 200 0L05MPa - 0. 10MPa
0 10MPa -300 4 U.15MPa
3004 01 EMPa 0.20MP2
0.20MPa 4004 0.25MPa I
4004 0.25MPa
500 4
-500 T T T - , ) T T T T T \
0015 0010 D005 0000 0005 0010 4015 0010 0005 0000 0005 0.010
Xm Xm
Fig. 10. Velocity v distribution of the four lines located on the yarn surface

under different pressure conditions
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Fig. 11. Velocity w distribution of the four lines located on the yarn surface
under different pressure conditions

installed between the front roller
and the yarn guide of a CZJF-5
multi-function spinning frame
(Samples 2 and 4). Samples 1 and
2, as well as Samples 3 and 4,
possessed the same roving and
spinning process parameters and
were spun into the same specifica-
tions.

Yarn hairiness was measured on a
YG172A hairiness meter, with ref-
erence to the industry standard
FZ/T 01086-2000 (the determina-
tion method of textile yarn hairi-
ness is the projection-counting
method).

The hairiness index (number of
hairs on the yarn with a length
equal to or exceeding 3 mm per
meter) was used as the means to
compare the hairiness level among
the different yarns. The hairiness
index of yarns spun with and with-
out the vortex nozzle apparatus
were compared, as shown in fig-
ure 2. Clearly, the hairiness index
of vortex-nozzle-spun yarns is less
than those of conventionally spun
yarns under different air pressure
values. The hairiness index under
an air pressure of 0.2 MPa is less
than those under other air pres-
sure values. With increasing air
pressure, the vortex nozzle has a
more obvious effect on reducing
hairiness at less than 0.2 MPa.
Beyond 0.2 MPa, the yarn hairi-
ness number increases. Thus, an
air pressure of 0.2 MPa is clearly
sufficient in reducing the yarn
hairiness, and operating the noz-
zle at a low air pressure is also
economical.

Simulation and experiment results
show that yarn hairiness index
decreases with the increase of
inlet pressure from 0.05 MPa to
0.2 MPa. The high pressure creates

Table 1

SPINNING EXPERIMENT PARAMETERS

Sample number Yarn type Material Linee;:_:):e)nsity Twist factor Spinz::l:r:)p eed
Sample 1 Conventional yarn ggz/z zgtTopr; 30 450 9000
Sample 2 Vortex nozzle yarn 2822 :g’?opr; 30 450 9000
Sample 3 Conventional yarn ggz//z Eitrpopr; 30 500 9000
Sample 4 Vortex nozzle yarn ?3822 2§{Popn’ 30 500 9000
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Fig. 12. Comparison of the hairiness index of yarns
under different air pressures

a more efficient untwist and re-twist actions; in addi-
tion, a stronger wrapped force acts on the yarn sur-
face. However, if the inlet pressure is significantly
high, the yarn structure may be blown away and loos-
ened, which will cause a significant loss of fibers and
will influence yarn quality.

In order to study the effect of swirl nozzle on other
yarn performances at the same time of reducing yarn
hairiness under 0.2 MPa air pressure, such as
strength, unevenness and the number of short hairi-
ness, breaking strength, unevenness and short hairi-
ness number of four samples were tested, the results
showed in table 2. Yarn tenacity was determined on
an YG063 automatic single yarn strength tester. Yarn
unevenness was measured on YG135G automatic
unevenness measurement device.

Table 2
STUDY THE EFFECT OF SWIRL NOZZLE ON OTHER
YARN PERFORMANCES
Number of .
Sample short hairiness Breaking Unevenness
number strength
(1-2 mm)
Sample 1 61.96 226.2 11.51
Sample 2 72.3 201.2 12.95
Sample 3 69.9 242 11.45
Sample 4 824 215.6 13.5

As shown in table 2, swirl nozzle increase the num-
ber of short hairiness as well as yarn unevenness
slightly, and decrease the yarn strength. More short
hairiness will not affect the quality of yarn and subse-
quent processing, which makes the yarn and fabric
feel fuller. Despite swirl nozzle deteriorate yarn
strength and evenness, but the difference is not obvi-
ous, and the yarn still meets the requirements of
Grade A quality according to standard FZ/T 32004-
2009.
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CONCLUSION

A process of hairiness reduction is explained with the
assistance of CFD. The swirling effect of air caused
by the nozzle design mainly explains hairiness reduc-
tion. Air inlet pressure is an influencing factor in
reducing yarn hairiness. The conclusions of this
study can be drawn as follows:

(1) The numerical simulation shows the vortex char-
acteristics in the swirl nozzle. The airflow rotates
clockwise toward the two yarn entrance directions;
moreover, the pressure at the central area of the yarn
channel is lower than that of the surrounding area,
which is good for the yarn’s steady movement and
wrapping of free fibers on the yarn surface into the
yarn body. The upward movement of the airflow stick
takes consequent hairiness and opens the yarn
structure; whereas the downward movement of the
airflow stick takes reverse hairiness and wraps the
fiber into the yarn body.

(2) The forces generated by the airflow acting on the
yarn are the wrapped force and the relative revolving
action due to the self-twisting of the yarn, which
works together to reduce yarn hairiness on the sur-
face.

(3) Numerical simulation reveals the pressure of dif-
ferent yarn channel cross-sections and yarn surface
with the increase in the inlet pressure. When the inlet
pressure is higher, the pressure spreading to each
section of the yarn channel is also higher, and the
greater the pressure difference near the inner wall
and yarn axis, thereby creating an easier hold for the
yarn and then cause its steady movement and effec-
tive functioning as wrapping fibers. Furthermore, the
velocity along the x-, y-, and z-axes of the four lines
on the yarn surface are revealed. No significant dif-
ference is observed in the trends of the four lines;
however, velocity and velocity fluctuation are higher
under a higher inlet pressure.

(4) Experiment result indicates that the hairiness
index of vortex-nozzle-spun yarns is less than those
of conventionally spun yarns under different air pres-
sure values. The hairiness index under 0.2-MPa air
pressure is less than those under other air pressure
values. With increasing air pressure, the vortex noz-
zle has a more obvious effect on reducing hairiness
at less than 0.2 MPa. Beyond 0.2 MPa, the yarn hairi-
ness number increases. Swirl nozzle increase the
number of short hairiness slightly, which makes yarn
feel fuller. It is also deteriorate yarn strength and
evenness, but the difference is not obvious.

(5) Numerical simulation and experiment results indi-
cate that a high inlet pressure creates a more signifi-
cant effect of reducing hairiness. However, if the inlet
pressure is remarkably high, the yarn structure may
be easily blown away and loosened, which will cause
significant loss of fibers and will influence yarn quality.
Thus, an air pressure of 0.2 MPa is clearly sufficient
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in significantly reducing yarn hairiness, and operating ACKNOWLEDGEMENTS
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ABSTRACT - REZUMAT

The impact of intellectual capital, organizational capabilities, and innovation on firm performance
of textile sector: a moderating effect of GSP Plus

The objective of this study was to investigate the relationship between intellectual capital, organizational capabilities,
Innovations and firm performance through the moderating role of GSP Plus status. The findings show that intellectual
capital, organizational capabilities, and Innovations have a significant impact on firm performance. Additionally, the GSP
Plus moderates the relationship between intellectual capital and firm performance. The GSP Plus also moderates the
relationship between Innovation and firm performance. However, GSP Plus does not moderate the relationship between
organizational capabilities and firm performance. The findings of this study would guide the textile exporters to
understand how to enhance a firm’s performance by giving preference to the intellectual capitals, Organizational
Capabilities and Innovations and how to utilize the GSP Plus status effectively.

Keywords: GSP Plus, intellectual capital, performance, Organizational Capabilities

Impactul capitalului intelectual, capacitatilor organizationale si inovarii asupra performantei firmelor
din sectorul textil: un efect de moderare GPS Plus

Obiectivul acestui studiu a fost de a investiga relatia dintre capitalul intelectual, capacitétile organizationale, inovarea Si
performanta firmelor prin rolul moderator al GSP Plus. Rezultatele arata ca inovarea, capitalul intelectual si capacitatile
organizationale au un impact semnificativ asupra performantei firmei. In plus, GSP Plus modereazé relatia dintre
capitalul intelectual si performanta firmelor. GSP Plus modereazd, de asemenea, relatia dintre inovare si performanta
firmelor. Totusi, GSP Plus nu modereaza relatia dintre capacitétile organizationale si performanta firmelor. Rezultatele
acestui studiu ii vor indruma pe exportatorii de textile s& inteleagd cum sd imbunéatateasca performanta unei firme,
acordand importanta capitalului intelectual, capacitatilor organizationale si inovarii si cum sa utilizeze in mod eficient

GSP Plus.

Cuvinte-cheie: GPS Plus, capital intelectual, performanta, capacitati organizationale

INTRODUCTION

The oldest, biggest, and commercial industry in the
world is the textile and clothing industry. Most of the
textile industries throughout the world are labor-inten-
sive. The textile sector of Asia had always been grab-
bing the attention of thewell-developed countries of
the west. Pakistan is the principal exporter of cotton-
based fabric, Fabric products, and cotton. At present,
Pakistani fabric products have been encountering
challenging competition by major competitors like
India, Bangladesh, and China [1]. Textile exports
value of China is about US$ 45 million and of
Pakistan US$ 13.8 million. It is a major source of
employment generation in Pakistan.

“Generalized System of Preferences is a mechanism
of a formalized system through which the developed
countries like the USA and the European Union give
relaxation in tariffs to the underdeveloped countries,
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which have the membership of WTO to export their
goods to Europe or the USA”. According to Kaufmann
& Schneider [2], intellectual capital has defined in
different ways, such as, there is concurrence about
the value creation of IC and its supports in creation of
competitive advantages in organizations. Authors
define organizational capabilities as “Capabilities are
complex bundles of skills and knowledge embedded
in generational processes” [3]. Innovation was classi-
fied into five types, namely, products, processes,
technological, markets, and organizational innova-
tion. This study considers two dimensions of innova-
tion: technological innovation and administrative inno-
vation. This study is designed to examine whether
the possibilities and challenges, placed on the GSP+
status have any influence on the Performance of the
textile industry of Pakistan? What sorts of the role will
the GSP+ status will play in the fulfillment of the tex-
tile industry? Moreover, how the development of the
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textile sector can be achieved by focusing on intel-
lectual capital, organizational innovation, and capa-
bilities? The primary objectives are comprehensive to
study the role of GSP Plus status on the performance
of the Pakistani textile industry.

LITERATURE REVIEW

Intellectual Capital (IC)

According to Cohen & Kaimenakis [4], IC is the inte-
gration of internal and external knowledge of the
firms that provide a viable competitive advantage, if it
is undertaken by the well-managed firm. According to
Tseng & James Goo [5], intellectual capital and the
firm market value have a positive and significant
effect on financial performance. Australian banks
which heavily invest in the components of intellectual
capital are more profitable than others who have low
investment in IC [6].The empirical evidence suggests
that profitability, market valuation and productivity of
the company in South Africa would be explained by
the performance of its intellectual capital [7].
Hypothesis 1: There is a positive and significant
relationship between the intellectual on firms perfor-
mance.

Organizational Capability

Authors define organizational capabilities as
“Capabilities are complex bundles of skills and
knowledge embedded in generational processes [3]”.
According to the functional definition of organization-
al capability, there are seven dimensions of organi-
zational capabilities, i.e., learning, R&D, resource
allocation, marketing, organizing, structural planning,
and manufacturing capabilities [8]. The resource-
based perspective of the firm contends that capabili-
ties are supportive for enhanced quality, and
decreased irregularity, are the foundation of the
upper hand [9].

Hypothesis 2: There is a positive and significant
relationship between organizational capabilities and
firms’ performance.

Innovation

Innovation was classified into five types, namely, prod-
ucts, processes, technological, markets, and organi-
zational innovation. This study considers two dimen-
sions of innovation: technological innovation and
administrative innovation. The new product and tech-
nological development had a significant impact on
the performance of firms [10].This study determined
the importance of innovation for the survival of busi-
nesses in today’s competitive world and their poten-
tial growth with a particular example of organic tex-
tile. The findings of this study would help the countries
of the developing world, exclusively Pakistan, to suc-
cessfully exploit organic textile opportunities for cre-
ating competitive advantage and growth available in
the international markets [11-12]. The scholar sug-
gests that innovation is used as a competitive strate-
gy by Pakistani respondents to compete globally. The
main source of technical innovation is the internal
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innovation in firms Pavitt [13] and typical internal
innovation depends on the capability of workers.
Administrative innovations can be described as the
new techniques, rules and structure forms [14].
Innovation is one of the most crucial drivers of long-
run success in business, notably in rapidly changing
markets. On the basis of the literature review, the
study develops the following hypothesis.
Hypothesis 3: There is a positive and significant
relationship between innovation and firms’ perfor-
mance.

GSP Plus and Firm Performance

Internationalization is an important growth strategy
for the firms whose home country market is limited,
though it enables the firms to realize economies of
scale and scope Caves & Caves [15], increase
their market power [16]. According to Pasha [17],
European Union’s award, the status of Generalized
System of Preferences (GSP) to Pakistan allow the
duty-free access for several eligible categories of
Products, manufactured in Pakistan which were
exported to the EU market. Scholer suggested that
the Pakistani industry would invest in capacity build-
ing for their employees to increase their perfor-
mance[18].

Many studies show that opportunities of international
trade had a positive impact on firms’ performance.
Opportunities for import and export are more produc-
tive than non-export and non-import, and they were
more versatile and more productive as compared to
their own performance when they were not importer
and exporter [19].

H4: GSP plus moderates the relationship between
structural capital and firms’ performance.

H5: GSP plus moderates the relationship between
organizational capabilities and organizational perfor-
mance.

H6: GSP plus moderates the relationship between
innovations and firms’ performance

METHODOLOGY

Data types and research period

From the literature, it was shown that the most fre-
quently used technique for data collection in quanti-
tative research methodology is surveyed question-
naire. Keeping in mind all constraints (cost, time, and
population), mail survey and self-administered ques-
tionnaire were adopted for the data collection, from
the textile companies of Pakistan. The targeted pop-
ulation for this study is the executives, General
Managers, Marketing Managers, Mill Managers,
Finance Managers and other managers of Pakistani
textile companies; and these executives and man-
agers have sufficient knowledge and access to the
internet. The primary data were collected from the
textile sector of Pakistan. The respondents were
selected from four categories of textile sector, i.e.,
Spinning, Weaving, Processing, and Garments from
two provinces of Pakistan, i.e., Sindh and Punjab. All
necessary details about textile companies were
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taken from these associations’ members’ directory.
Multistage sampling technique will be used to select
respondents, and the sample size is around 450.
After a brief overview of the literature, a developed
questionnaire was selected for the study that was the
most relevant to this research objective. The mea-
sure was adjusted in the context of the study. The
current study dealt with innovation, organizational
capabilities, firm performance and GSP plus. Prior to
the start ofthe survey, a pilot study was conducted.
The main purpose of the pilot study is to developan
understanding of the respondents about the ques-
tions, used in survey andto implore response for the
improvement of the measuresand determine the
time, required for the completion of a survey by the
respondents.

Data analysis

AMOS software was used to find out the relationship
between endogenous and exogenous constructs.
The study used confirmatory factor analysis to
assess the reliability and validity of measures.

Confirmatory Factor Analysis

The measure, used for human capital and structural
capital consists of eight items, and for customer cap-
ital 6 items: for each uses a seven-point Likert-scale
to obtain responses, ranging from 7 for strongly
agreed to 1 for strongly agreed. Although the instru-
ments were previously tested for validity and reliabil-
ity, and the reliability coefficients for human capital
was o = 0.643, for structural capital o. = 0.754, and for
customer capital 0.677. The organizational capability
has seven dimensions with 30 items: the results of
reliability coefficients for Learning Capability o. = 0.746,
R&D o = 0.791, Organizing capability o = 0.828.
Marketing Capability o = 0.782, Manufacturing
Capability oo = 0.700 and for Strategic Planning
o = 0.792. The Innovation constructs have two dimen-
sions, e.g., technical innovation and administrative
innovation was represented by 6 items. The
Reliability analysis shows that reliability coefficients
for technological innovation were o = 0.70, and for
administrative innovation o. = 0.758. To measure the
performance, the study used an already developed
measure scale by Khalique et al. [20]. Subjective
measures can be consistent with objective mea-
sures, indicated by the previous researchers. The
reliability coefficient for measuring performance was
(o= 0.816). For better understanding, loadings that
are above 0.70 are considered. All items loaded on
their respective factor loading and most of the load-
ings above 0.70 as shown in the table. The results of
CFA suggest that (CMIN/DF = 4.53, RMESA = 0.051,
CFl = 0.939, TLI = 0.914 and IFI = 0.939) the model
was accepted without any modification. As the results
of CFA exhibited, a strong Loading and the model
showed a good model fit for Data. The fit indices of
the model show that related to the suitability of the fit

raised RMESA and x2.
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Model Testing

ASEM was used to test the direct path model and the
hypnotized moderating relationship.

Direct Path Testing

This study used SEM to test the model, firstly exam-
ine the direct relationship between Intellectual capital
and firm performance, organizational capability and
firm performance and also the relationship between
innovation and firm performance. According to the
results of SEM, the path between intellectual capital
and firm performance is positive and significant with
positive  value 0.51 and p > 0.05. The results of
AMOS are (B =0.51, p=000). These findings sup-
port the H1. The results demonstrate that organiza-
tional capabilities positively and significantly con-
tribute to firm performance (f =0.149, p = 0000).
These results showthat 1 percent change in organi-
zational capabilities contributes 14.9 percent in firm
performance, H2 is accepted. The results also show
that innovation positively and significantly impacts
firm performance (B = 0.172, p = 0000). Beta value
shows that 1 percent change in innovation activities
leads to 17.2 % change in firm performance. So the
H3 is accepted.

Table 1
SUMMARY OF INITIAL PATH MODEL ANALYSIS
Indicators Estlrgatel S.E. | C.R. P
PERORM « OC 0.511 [0.052(11.892| 0.000
PERORM <« Innovation| 0.172 |0.044{4.212|0.000
PERORM « IC 0.149 |0.0583.735(0.000
R 0.514

Intellectual capital and firm performance

The product term of intellectual capital*GSP plus was
showing a positive and significant impact on firm per-
formance (f = 0.169, p = 0.051). Hence, it supports
the fourth hypothesis; the results indicate that the
model described 63% variance in firm performance.
The resultssupport the relationship between the inter-
action term of IC*GSP and firm performances. H4 is
accepted.

Table 2
ESTIMATED SEM RESULTS OF PRODUCT TERMS
OF INTELLECTUAL CAPITAL*GSP
Indicators P_at_h S.E. C.R. P
coefficients
IC -0.299 0.233 | —-1.285 | 0.199
GSP 0.128 0.045 | 2.823 | 0.005
Int_1 0.169 0.220 | 0.768 | 0.051
R2 0.63
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Organizational Capabilities

The product term of OC*GSP plus was showing a
positive but insignificant impact on firm performance
(B =0.032, p =0.995). Hence, it does not support the
fourth hypothesis as the results indicate that the
model described 72% variance in firm performance.
The results show that the relationship between the
interaction term of IC*GSP and firm performances is
positive but insignificant. H5 is rejected.

Table 3
ESTIMATED SEM RESULTS OF PRODUCT TERMS
OF OC*GSP

Indicators | Estimates S.E. C.R. o]
oC 0.505 0.168 | 2.999 | 0.003
GSP 0.650 0.162 | 4.015 | 0.000
Int_1 0.002 0.032 | 0.056 | 0.955
R2 0.72

Innovation

In the progress of the organization, the role of inno-
vation is crucial and stimulating the standards of liv-
ing. This section explores two significant types of
innovation, i.e., technical innovation and administra-
tive innovation of textile industry. The product term
of Innovation*GSP plus was showing a positive and
significant impact on firm performance (f = 0.087,
p = 0.016). Hence, it does not support the fourth
hypothesis as the results indicate that the model
described 61% variance in firm performance. The
significance value p =0.016 and beta value 0.087
which show that the relationship between interaction
term of IC*GSP and firm performances positive and
significant. H6 is accepted.

R2was 0.610. The interaction term (GSP*innovation)
was significant. All the results approved that status of
GSP plus moderated the relationship between inno-
vation and firm performance. These results were also
proved with a model run by employing AMOS SEM.
Moreover, hence, the study accepts the hypothesis
that GSP plus moderate the relationship between
innovation and firms’ performance.

Table 4
ESTIMATED REGRESSION RESULTS OF PRODUCT
TERM OF INNOVATION*GSP
Indicators Estimates S.E. C.R. p
Innovation -0.210 0.181 | -1.164 | 0.244
GSP 0.350 0.181 1.929 | 0.054
Int_1 0.087 0.036 | 2.398 | 0.016
R2 0.61
DISCUSSION

The study aimed to explore the association between
IC, OC, Innovation, firm performance and the moder-
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ating role of GSP Plus. The findings suggest that the
combination of three elements of intellectual capital
waspositively contributed to the performance of the
textile industry in Pakistan. The findings of this study
were approved by previous studies. The organizations,
invested in intellectual capital especially in human
capital are performed well. There is no doubt that
intellectual capital is considered one of the critical
factors and a key driver for organizational perfor-
mance [20-21]. Pakistan has not well-organized its
knowledge ofthe economy. Pakistan does not rank
highly among the world’s knowledge-intensive
nations [22]. Chen, Moghaddas, Hoppel, & Lesnefsky
[23] and Miller & Wurzburg [24] also have similar find-
ings; they concluded that intellectual capital positive-
ly and significantly contributes to firms’ performance.
It is also found that intellectual capital can be further
increased through capacity building of employees.
However, formal investment in training and develop-
ment among Pakistani textile industries, especially in
SMEs is miserably low. The results show that organi-
zations that understand the importance of GSP Plus
and willing to invest in intellectual capital would per-
form better. In the history, Sri Lanka benefited from
the GSP plus scheme that extended trade incentive
to the textile sector to enter into European Union
(EU) market. According to Ekanayake [25], he sug-
gested that companies perform better under GSP era
and increase their exports. These studies provide
evidence that GSP plus Status help organizations to
enhance their performance. According to Qureshi &
Jalbani [26], technological capacity-building and
financial assistance help organizations to move
toward the global expansion in different sectors of
Pakistan. The GSP plus status encourages global-
ization of their operations and boosts their share of
export in the world market. When the value of GSP
plus increased its effects positively on the relation-
ships between Intellectual Capital and firms’ perfor-
mance. While the combination of Organizational
Capabilities positively and significantly affectsfirms’
performance. According to Grewal & Slotegraaf [27],
organizational capabilities empower a firm to perform
well, and OC lives in organizational process and
schedules that are hard to imitate. Capabilities are
profoundly established in these procedures and
accordingly are inserted inside of firms in the mind-
boggling cross section of interconnected activities
that take subsequent administrative choices after
some time. Danneels [28] also reveals similar find-
ings; he concluded that current capabilities might
serve as influences, focusing on the development of
new ones for sustaining the firms’ performance. In
general, capabilities were key determinants of firm-
s’performance; there was a positive and significant
relationship between OC and firm performance [29].
The results were partially supported by Autio,
Sapienza, & Almeida [30], as they concluded that
normally capabilities are passively linked with perfor-
mance and with international trade opportunities. In
addition, it was also interesting results in short run
that organizations investment on the capabilities in
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the initial stage of internationalization (international
trade opportunities) might have an insignificant effect
on firms’ performance and might be reduced the
chances of a firm’s performance in short run. Also
Sapienza, Autio, George, & Zahra [31] stated that,
when firms were starting to develop capabilities, the
organization was fragile in early stages and these
new capabilities became more effective, workable
and profitable in the long run. This study hypothe-
sized that innovations positively correlated with firms’
performance. Findings of the study reveal that inno-
vations positively and significantly affect firm perfor-
mance. Gunday, Ulusoy, Kilic, & Alpkan [32] also
found that innovations positively affectthe organiza-
tional performance of manufacturing industries. The
effect of the knowledge management capabilities on
firm performance isfully mediated by innovations [33].
They concluded that innovation significantly and
positively affects firms’ performance of the textile sec-
tor. Qiao, Ju, & Fung [34], they investigated that inno-
vation was found a positive effect on firms’ perfor-
mance at SMEs. According to Soto-Acosta, Popa, &
Palacios-Marqués [35], innovations positively con-
tributed to firms’ performance. Another researcher
Gunday et al. [32] studied that different types of inno-
vation had a significant positive effect on firms’ per-
formance of manufacturing industries. Ceylan [36]
found that Administrative innovation activities were
the main forces for implementing the process of inno-
vation and marketing innovation, resulting in more
innovative products. Subsequently, product innova-
tion would enhance firms’ innovation performance.
The previous studies provide support to the findings.
The organizational supports for the advancement
of technical capabilities, firm performance can be
increased through organizational innovations and
technical capabilities, used in processes and prod-
ucts [37]. Alamdari & Fagan [38] examine the linkage
between innovation in production and firms’ perfor-
mance. Previous studies explore that lead-time and
innovative product development behavior and the
process of production positively impactedon the firm
performance. According to Cingdz & Akdogan [39], in
an ever-changing business environment, the innova-
tive behavior of production positively links the firm
performance, which is considered as an important
source that leads the organization toward success.
Another scholar suggested that superior firm perfor-
mance can be achieved through organizational inno-
vation and technological capabilities for the products
and processes [37].

According to Miller [40], mostly the organizations
adapt technological innovation for improving firms’
performance by attaining the competitive advantages
in their markets. However, the technological innova-
tion required the support of marketing and organiza-
tional innovation. Walker [41] stated that a sustain-
able adoption of both technical and administrative
were more efficient in helping the organization to sus-
tain and improve their performance as compared to
one type of innovation in an organization. Although
innovation literature and our results were unable to
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describe a decision whether a specific innovation type
was likely to provide more or less impact on the per-
formance of manufacturing units, so it can be con-
cluded that the different types of innovations influ-
ence each other and need to be implemented in
conjunction. Therefore, for boosting exports, it is sug-
gested to implement both types of innovations are in
conjunction.

This result also enhances the innovation literature by
proving that another significant factor that interna-
tional trade opportunity strengthens the relationship
between innovation and performance of organiza-
tions. The findings were supported by the findings of
Kafouros, Buckley, Sharp, & Wang [42], who con-
cluded that the impact of the different innovation
practices on the organizational performance is statis-
tically insignificant for those firms, having fewer trade
opportunities internationally.

CONCLUSION

This study was designed to examine whether the
opportunities and challenges, placed by the GSP+
status had any influence over the Performance of the
textile industry. What sorts of role would the GSP+
status play in the performance of the textile industry?
Moreover, how the development of Textile sector
could be achieved by focusing on the intellectual cap-
ital and Organizational innovation and capabilities.
The main objectives were to study the role of GSP
Plus status on the performance of Pakistan’s Textile
industry comprehensively. For studyingthe role of
GSP Plus status in the performance of Pakistan’s
Textile industry comprehensively, we studied the
capability of a Textile sector of Pakistan for getting
the benefits of GSP Plus status; investigate the
strength of Textile sector regarding the development
of intellectual capital to exploit GSP Plus. To explore
how the innovations can be important to develop the
textile sector to get benefits of GSP Plus status.

This study measures the intellectual capital by the
value of Human capital, structural capital and, cus-
tomer capital. According to the results, there was
a positive relationship with firm performance. The
current study measures Organizational Capability
through seven dimensions: Learning Capability,
Marketing Capability, R&D Capability, Resource
Allocation Capability, Manufacturing Capability,
Organizing Capability, and Strategic Capability.
According to the results, organizational capabilities
showeda positive relationship with the firms’ perfor-
mance. However, after introducing GSP plus as a
moderator, the relationship became insignificant. In
today’s dynamic business environment, organiza-
tions need to focus equally on all the organizational
capabilities, mostly organizations focused on market-
ing capabilities and ignored all other OC. They must
align all type of capabilities with business strategies
to be competitive in the global market. We measure
innovation through two dimensions: administrative
innovation and firms’ performance. According to
results of regression analysis showed that there was
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a positive and significant relationship between
Innovation and firm performance. So, for boosting
exports, it is suggested to implement both types of
innovations in conjunction. This study also examined
the impact of innovation on textile performance in the
context of the GSP Plus for Pakistani textile organi-
zations. The results indicated that the interaction
term of innovation*GSP had a positive and highly sig-
nificant impact on the dependent variable (firm per-
formance).

Limitation of study

This study also has some limitations. The current
study collected data from the overall textile sector
of Pakistan without specifying any industry like
Garment, Processing, Weaving, Spinning, and
Knitting. The GSP plus status would help to improve
the export performance of the textile sector of
Pakistan. Therefore, there is a need to consider

export-oriented textile industries to boost export per-
formance. We should also consider other manufac-
turing industries, which come under the scope of
GSP plus. Secondly, the current study utilized cross-
sectional data, which makes it problematic to explain
complete cause-effect relationships between con-
structs. Longitudinal research in the future is required;
which make it possible to understand inferences.
There might be other variables, which could boost
the export performance of manufacturers through
GSP plus scheme like HR Practices, learning orien-
tation, Organizational Culture, TQM Practices, and
Knowledge Exchange. The main advantage of GSP
plus status is to improve the export performance of
organizations; however; the current study worked on
overall organizational performance. Therefore, future
research must focus on export performance in order
to exploit completely an organizational performance.
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ABSTRACT - REZUMAT

The specific elements of strategic human resources management for competitive business development

The current business environment, characterized by a high degree of uncertainty and unpredictability, has led to a sharp
increase in competitiveness. The key to the success of any organization in the current period lies in its human resources,
the only ones capable of identifying unique and creative solutions to face the threats existing in the environment and to
seize existing opportunities. Emphasis should be placed on transforming them and the Human Resources Department
into true strategic partners of organizations and on implementing a strategic human resources management.

The present paper aims to identify the extent to which, at the level of the organizations from the Western Region of
Romania, such elements have been adopted that will contribute to their competitive development. The textile industry is
an important sector that has powerful impact over the economic and social development of a region or country. Its long
term development depends not only on the business characteristics, but especially on the strategic decisions and
approaches, with direct results in terms of profitability, jobs creation and integration with other economic sectors.
Therefore, in our research we introduced in the sample companies from this dynamic field.

The results of the study showed that the tendency of appreciation of their existence in organizations is wide spread. In
the same time, it was confirmed that the existence of a strategic human resources management in organizations is
conditioned by the strategic use of human resources practices, in the long term, in order to contribute to the achievement
of the general business objectives. Also, in order for the human resources strategy to bring its contribution to the
realization of the general business strategy, there is a need for human resources activities that are aligned with the
company’s objectives.

Without claiming that the study carried out is an exhaustive one, we consider that the information presented are unique
and can be useful for those interested.

Keywords: human resources, strategic human resources practices, business strategy, human resources strategy,
strategic human resources management, competitive advantage.

Elemente specifice ale managementului strategic al resurselor umane pentru dezvoltarea competitiva
a firmelor

Mediul de afaceri actual, caracterizat printr-un grad ridicat de incertitudine si imprevizibilitate, a dus la o crestere
accentuata a competitivitatii. Cheia succesului oricdrei organizatii in perioada actuald consta in resursele sale umane,
singurele capabile séa identifice solutii unice si creative pentru a face fatd amenintarilor existente in mediu si sa profite
de oportunitatile existente. Ar trebui pus accentul pe transformarea lor si a Departamentului Resurse Umane in adevarati
parteneri strategici ai organizatiilor si pe implementarea unui management strategic al resurselor umane.

Lucrarea de fata isi propune sa identifice masura in care, la nivelul organizatiilor din Regiunea de Vest a Romaniei, au
fost adoptate astfel de elemente care vor contribui la dezvoltarea competitiva a acestora. Industria textild este un sector
important, ce are un impact puternic asupra dezvoltarii economice si sociale a unei regiuni sau {ari. Dezvoltarea sa pe
termen lung depinde nu doar de caracteristicile constructive ale companiilor, dar mai ales de abordarile si deciziile
strategice adoptate, cu rezultate directe in termeni de profitabilitate, creare de locuri de munca si integrarea cu alte
sectoare ale economiei. De aceea, in cercetarea noastra au fost introduse si companii din industria textild, avand in
vedere dinamica acestora.

Rezultatele studiului au arétat ca tendinta de apreciere a existentei lor in organizatii este larg réspandits. In acelasi timp,
s-a confirmat ca existenta unui management strategic al resurselor umane in organizatii este conditionata de utilizarea
strategica a practicilor de resurse umane, pe termen lung, pentru a contribui la realizarea obiectivelor generale ale
afacerii. De asemenea, pentru ca strategia de resurse umane sa isi aducd contributia la realizarea strategiei generale
de afaceri, este nevoie de activitati de resurse umane care sa fie aliniate obiectivelor companiei.

Fara a pretinde ca studiul efectuat este unul exhaustiv, considerdm céa informatiile prezentate sunt unice si pot fi utile
pentru cei interesati.

Cuvinte-cheie: resurse umane, practici strategice de resurse umane, strategie de afaceri, strategie de resurse umane,
management strategic de resurse umane, avantaj competitiv
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INTRODUCTION

Gaining the competitive advantage is an essential
objective of any organization. If achieving competitive
advantage is a challenge for any organization, main-
taining it is a real challenge, a goal that is quite diffi-
cult to achieve. In the process of formulating the
overall strategy of an organization, it is necessary to
carefully analyze the consequences that it has in deter-
mining and sustaining the competitive advantage.
To obtain a competitive advantage, it is necessary to
consider a large number of situational variables. The
most important ones are those regarding the human
resources available to the respective organization.
An important source of competitive advantage is
innovation having as main characteristic to have it
and to use it over a long period of time. However, the
source which mostly supports this goal is the human
resources of an organization. Over time, employees
have proven to be an inexhaustible source of creativ-
ity within a company, the only resource capable of
ensuring competitiveness through innovation. The
key to have competitiveness, the orientation of the
industrial environment towards quality, is represented
by the human resources of an organization in an era
of rapid global changes.
Effectiveness of textile companies’ strategies and
policies will have directly impact in the productivity
and quality of these organizations, influencing to the
large extent their market share and profitability.
Consequently, its human resources are the founda-
tion of any success of any organization. Only people,
employees have new ideas, create new solutions
about solving problems that inevitably arise, or about
exploiting opportunities in the external environment.
They are the ones who can make the difference
through their thinking process, their modality to action
and by the degree of involvement in the work pro-
cesses.
Clark (1996) mentions that in the case of European
nations there are three common elements of human
resources management that go beyond national bor-
ders [1]:
* recognizing the importance of human resources as
a source of competitive advantage;
+ delegation of responsibility for human resources,
the company and/or managers in the field;
» mutual integration and consolidation of human
resources strategies and the general strategy.
Therefore, in the current business environment, in
Romania, too, the focus should be on transforming
the human resources and the Human Resources
Department into true strategic partners of the organi-
zations [2]. This is really important for the textile com-
panies that hire many employees, especially women
and where the competencies of workforce are the
main asset for these organizations [3].
That consists to involve HR specialists in the strate-
gic process at the organization level, to aligning the
human resources strategy with the business strategy,
to elaborate human resources practices that con-
tribute to the achievement of the strategic objectives,
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and into doing the transition towards a strategic human
resources management in any organization [4-5].

In the following part, we will focus on presenting the
concept of strategic human resources management
(SHRM), analyzing its evolution over time [6]. Later,
we will try to identify its characteristics at the level of
organizations in the Western Region of the country,
based on our research.

CRITICAL ANALYSIS OF THE EVOLUTION
OF THE CONCEPT OF “STRATEGIC HUMAN
RESOURCES MANAGEMENT” IN THE
SPECIALIZED LITERATURE

The turbulent, uncertain environment, with increas-
ingly rapid changes, since the late 1970s, early
1980s, has led many researchers in the field to go
beyond the boundaries of studying human resources
management at the micro level, and turning their
attention towards a strategic approach. It was the
period when a new era began to emerge, that of the
strategic management of human resources (SHRM).
Walker (1980) provided a first pragmatic description
of how human resource planning in a company could
be used to ensure that human resources policies and
practices were aligned with the organization’s busi-
ness strategy [7].

The first definition of SHRM was given by Devanna,
Fombrun and Tichy in 1981 [8]. They support the
existence of a relationship between the strategic
management of human resources and the business
strategy, considering that in order to play a strategic
role, the Human Resources Department should be
involved in establishing the organization’s objectives.
This action, in their opinion, leads to an increase in
the company’s performance.

Miles and Snow [9] were the first to argue that human
resource management practices need to be aligned
with other organizational activities, especially with
strategic decisions within the organization. The two
authors stressed that the human resources depart-
ment should help to implement the different business
strategies of the company.

In the same year, 1984, was published the first book
focusing on the strategic human resources manage-
ment [10]. In order to io illustrate what the strategic
human resources management is and what is its role
in an organization, the authors presented numerous
examples of companies that have known the many
benefits of its implementation.

Armstrong (2006) believes that the strategic man-
agement of human resources must try to strike an
appropriate balance between the elements of the two
subsystem categories of the organization, the “soft”
and the “hard” [11]. All organizations aim to achieve a
particular purpose and their main concern is to make
sure that they have the resources they need to fulfill
them, and that they use them effectively. But, accord-
ing to Armstrong, they should also take into account
the human considerations included in the concept of
strategic human resources management (SHRM).
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Although studies have shown that most often the sat-
isfaction of the elements related to the strategic hard
management of human resources takes precedence
over those in the soft category, he argues that it is
particularly important to take into account in this pro-
cess of planning the people with all their aspirations.

According to Lefter, Marincas and Puia (2007), the

strategic management of human resources has to

take into account several aspects [12]:

» the existing predictions regarding the economic
progress of the field of activity in which the compa-
ny and clients operate;

* the position of the competitors (the technology they
use, the selling price, the market share);

* the short, medium and long term sales policy;

* the uncertain level of sales evolution;

« the investment policy and technologies that will be
implemented in the future;

« the production policy that the company will adopt in
the future;

« the consequences of various factors that contribute
to the emergence of new qualifications and
changes in the management of the organization or
in the planning of the work.

Uysal and Mayis (2014) approached SHRM through

the perspective of the relation between employee

performance and the performance of the organiza-
tion, considering that the performance of the employ-
ees affects the performance of the company [13]. The
two consider that the performance of the employees
is the link between the SHRM and the overall perfor-
mance of the company. Strategic human resources
management aims to increase both employee perfor-
mance and business performance. They consider
that if the management of human resources aims to
have an impact on the performance of the company,
then it can be said that it is a strategic human

resources management [14].

Cristiani and Peir6 (2015) have shown that the

SHRM is focused on aligning the organization’s strat-

egy with its human resources strategy and on the

impact it has on the organizational performance [15].

According to the aforementioned authors, in the the-

ory of strategic human resources management, it is

considered that individual performances increase the
performance of each department in an organization

(supply, stocks, logistics, marketing, production,

accounting, finance and others) as they work for

them and their department performance [16-18].

Consequently, these will implicitly lead to the

increase of the firm’s performance as a whole [19].

Therefore, it is appreciated that the individual perfor-

mance has an impact on the performance of the com-

pany through the processes they participate in the

departments of which they are part [20].

RESEARCH METHODOLOGY AND RESEARCH
ON THE BEST PRACTICES OF THE STRATEGIC
HUMAN RESOURCES MANAGEMENT IN THE
WESTERN REGION OF ROMANIA

The investigation sample was made up of large or
very large companies (over 250 employees) from the
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Western Region of the country, regardless of the
nature of the capital (Romanian, foreign, mixed) and
regardless of the sector of activity (public or private).
We selected only those companies that are indepen-
dent, with independent decision-making and that are
not subsidiaries of a multinational company.

In order to identify the companies with the desired
characteristics, we used the database from a spe-
cialized site, www.doingbusiness.ro, and subse-
quently verified on the website of the Ministry of
Public Finance Initially, 137 large or very large orga-
nizations were identified in the Western Region of
Romania. Next, by eliminating local branches of
multinational companies, the sample for our research
study was reduced to 65 companies, that is more
than half.

In order to obtain the information needed, we have
used a survey, the research instrument being the
questionnaire.

In order to get the most clear and precise answers
from the subjects, we use predominantly closed
questions, the possible alternatives of answers being
unique and predetermined. Respondents were in a
position to either choose the correct answer from
several predefined variants or to express their per-
ception on certain aspects by using the Likert evalu-
ation scale, which includes five response levels (not
at all = 0, little extent = 1, average extent = 2, to a
large extent = 3, total = 4). For the data processing,
the program was used in the statistical analysis of
data, SPSS (Statistical Package for the Social
Sciences).

As the subject of the investigation is a complex one,
the identification of the characteristics validating the
existence of a strategic management of human
resources, as well as of the practices used in this
regard, has targeted only the managers of these
companies. Therefore, the questionnaire was dis-
tributed exclusively to managers.

The type of organization

Of the total respondents from companies, 50%
belong to companies with Romanian private capital,
26.67% are employees of companies with foreign pri-
vate capital, 16.67% belong to companies with major-
ity state capital and only 6.67% do part of companies
with mixed capital (table 1 and figure 1).

The type of organization

® Romanian private equity company
m Company with foreign private capital
© Company with majority state capital
®@ Company with mixed capital

Fig. 1. Distribution of responses regarding the type
of organization
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Table 1

DISTRIBUTION OF RESPONSES REGARDING THE TYPE OF ORGANIZATION IN WHICH THE RESPONDENTS
FROM COMPANIES BELONG
The type of organization Frequency Percent Valid percent | Cumulate percent
Company with majority state-owned capital 30 50.0 50.0 50.0
Romanian private equity company 16 26.6666667 26.6666667 76.6666667
Company with foreign private capital 10 16.6666667 16.6666667 93.3333334
Company with mixed capital 4 6.66666667 6.66666667 100.0
Total 60 100.0 100.0 -
Table 2
DISTRIBUTION OF RESPONSES REGARDING THE MAIN OBJECT OF ACTIVITY
The main object of activity Frequency Percent Valid percent | Cumulate percent
Another 18 30.0 30.0 30.0
Production of industrial goods, including textiles 18 30.0 30.0 60.0
Transport 10 16.6666667 16.6666667 76.6666667
Services for the population 9 15.0 15.0 91.6666667
Trade, product distribution 2 3.33333333 3.33333333 95.0
Services for companies 2 3.33333333 3.33333333 98.3333334
Construction 1 1.66666667 1.66666667 100.0
Total 60 100.0 100.0 -

The main object of activity

The respondents were from the most important indus-
tries in the western region of Romania, with a focus
on production of industrial goods, transportation, ser-
vices for population and other, representing 91,7% of
the sample (table 2 and figure 2).

The object of activity
: B Another

B Production of industrial goods

[] Transport

W Services for the population

[] Trade, product distribution

B Services for companies

B Construction

Fig. 2. Distribution of responses regarding the main
object of activity

What is the extent to which you believe that the
following statements regarding the human
resources strategy are in line with the reality of
your organization

These 7 statements refer to components of SHRM
such as: vision, mission, values, objectives, resources
(1); It is materialized in policies, plans, programs,
objectives (2); It is derived from the general strategy
(3); It is aligned with the general strategy (4);

industria textila

EI

Supports the realization of the general strategy by ini-
tiating human resources activities that are aligned
with the companies objectives (5); It aims to create a
match between human resources activities so that
they support each other (6); It matches human
resources practices with the other systems in the
organization (7).

Table 3
DISTRIBUTION OF RESPONSES REGARDING THE
HUMAN RESOURCES STRATEGY CHARACTERISTICS
Items
1 2 3 4 5 6 7
Indicator:

N |Valid 60 | 60 | 60 | 60 | 60 | 60 | 60
Missing 0 0 0 0 0 0 0
Median 3000|2500 |3000|3000|3000|3000/|3000
Module 30|130|30(|30(30]|30] 30
Gengral 3000

median
General 30
module

From the analysis of the data (table 3) regarding the
distribution of the answers of the respondents from
companies, it turns out that most of them have appre-
ciated that there is matching to a large extent of the
elements regarding the characteristics of the human
resources strategy with the reality of the companies,
this being a constant approach among them.
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The calculation of the indicators showing the general
tendency of the responses, the median and the mod-
ule, confirms the previously stated ones, demonstrat-
ing that the highest frequency, in the case of all the
items, was “to a large extent” response alternative.
The results validate the existence of clearly defined
human resources strategies, existing at a formal
level, materialized in policies, plans, programs,
objectives. These are also vertically integrated with
the general business strategy (they derive from this,
are aligned with it and support it). Also, it has been
proven that human resources strategies aim to cre-
ate a match between human resources activities, so
that they support each other and at the same time
match them with the other systems in the researched
organizations.

Consequently, we conclude that the analysis of the
results of our research validates the existence of a
strategic management of human resources (SHRM)
in the researched companies.

What is the extent to which the following
activities are specific to the Human Resources
Department within your organization?

These statements mainly deal with the administra-
tive, operational aspects of Hr department, such as
(1); Is involved in making all major, strategic deci-
sions (2); It is given an importance comparable to
that of the other departments (3); Is an active partici-
pant in the development of the company’s objectives
(4); Is an active participant in the implementation of
the company’s objectives (5); Formulates/defines the
company’s vision regarding human resources (6);
Communicates the vision regarding human resources
across the organization (7); Anticipates the effects of
changes in the internal and external environment of
the company on the human resources of the compa-
ny (8); Communicates the human resources specific
goals to all those involved in their achievement, the
desired results as well as the achieved ones (9);
Supports the organization in achieving its organiza-
tional goals (10); Is involved in the design of business
strategies (11); Is involved in the implementation pro-
cess of business strategies (12); Elaborates the
human resources strategy (13); Initiates actions in
which the human resources strategy supports the

general business strategy (14); Demonstrates the
financial impact of human resources activities (15).
From the analysis of the distribution of the answers
(see table 4) it appears that in the overwhelming
majority of cases the dominant frequency corre-
sponds to the answer variant largely, this being the
central tendency. It means that the activities of the
Human Resources Department are specific to the
analyzed companies to a large measure.

Although the basic activity of the department remains
the execution of administrative activities, our research
supports the existence of a strategic management of
human resources in these companies, the following
strengths were identified: participation in the devel-
opment and implementation of company objectives,
formulation and communication of the vision on
human resources and of the human resources objec-
tives to all those involved in their achievement, antic-
ipating the effects of changes in the internal and
external environment of the company on the human
resources of the company, developing the human
resources strategy, supporting the organization in
achieving the organizational objectives, initiating
actions through which the human resources strategy
supports the overall strategy. Among the weakness-
es identified are: reduced involvement in making
strategic business decisions, not giving to the Human
Resources Department an importance comparable to
that of other departments, its reduced involvement in
the design and implementation of business strate-
gies, as well as a low concern for demonstrating the
financial impact of human resources activities, these
aspects being in contradiction with the appreciation
of the department as a strategic partner of the top
management.

The extent to which there is a strategic
management of human resources is related to
the strategic use of human resources practices
(hypothesis 1 — H1)

The premises of establishing hypothesis 1: in the
specialized literature we found the idea according to
which in order to identify the presence of the strate-
gic human resources management (SHRM), in addi-
tion to certain characteristics that must be fulfilled by
the human resources strategy, as well as some spe-
cific activities of the Human Resources Department,

Table 4

DISTRIBUTION OF RESPONSES REGARDING THE HUMAN RESOURCES DEPARTMENT ACTIVITIES

Indioators tems) 1 2 | 3| 4|5 |6 |7 |8 |9 10| 1 ]|12]13]14]15

N Valid 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Missing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Median 4.00|2.00|3.00|3.00(2.00]|3.00|3.00|200|3.00(3.00|2.00/|2.00]|3.00|3.00f2.00

Module 401|120 (202| 30| 30| 30| 30|30|30(30]|20| 20| 30| 3.01]20°

General median 3000

General module 3.0
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Table 5

SOMERS'D TEST — VERIFICATION OF HYPOTHESIS H1

Asymptotic . .
Indicators Value Standardized ApprO):’lmate Appr_o.xlmate
T Significance
Error?
Ordinal by | Somers’ d | Symmetric 0.476 0.067 6.455 0.000
ordinal 1. SHRM Dependent 0.456 0.070 6.455 0.000
2. SHRM practices Dependent 0.498 0.071 6.455 0.000
there must also be a strategic use of human
resources practices, which must be adopted for the " 2. SHRM practices
long term, in order to contribute to achieving the 0 E_.Eg
strategic objectives of the organization. 85
The results of applying the Somers’ d test showed | _°
that there is a medium-level association (0.476), |3 .

directly and statistically significant (Sig. = 0.000)
(table 5 and figure 3) between the measure of the
existence of the strategic management of human
resources and that of the human resources practices
approached in a strategic way. So, the hypothesis 1
is validated, the extent to which there is a strategic
human resources management is related to the
human resources practices that support the achieve-
ment of the organizational objectives, which influence
them directly.

The support provided by the human resources
strategy in the realization of the general
strategy, implies the initiation of human
resources activities that are aligned with the
strategic objectives of the company
(hypothesis 2 — H2)

The premises of establishing hypothesis 2: this hypoth-
esis was born out of the desire to verify whether the
human resources strategy even supports the real-
ization of the general strategy, by initiating human
resources activities, or this aspect exists only at the
declarative level. It is compulsory for the human
resources strategy to support the overall business
strategy.

The application of the Somers’ test led to a high value
of 0.641 and a value of significance of 0.000 (table 6),
which shows that there is a strong association
between the variables under test and which is statis-
tically significant (figure 4). Consequently, hypothesis 2
is validated, meaning that the support for the general
strategy provided by the human resources strategy

~

@ - - L, ,I‘

10 20 0 a0

1. SHRM

Fig. 3. Concordance between the variables
of hypothesis H1

has involved carrying out human resources activities
that go in the same direction, are aligned with it and
are approached strategically, i.e. in the long term,
precisely for this purpose, that of to contribute to the
achievement of the general strategy and, implicitly, of
the strategic objectives.

2 2. SHRM practices
mo
mo

0 Lizo
=m0

140

L

£
S :
4
2 ‘
o 10 20 a0 40
1. HR strategy

Fig. 4. The concordance between the variables
of hypothesis H2

Table 6

SOMERS’D TEST — VERIFICATION OF HYPOTHESIS H2

Asymptotic . .
Indicators Value Standardized Approximate Appr_o-x imate
T Significance
Error?
Ordinal by | Somers’d | Symmetric 0.641 0.069 8.159 0.000
ordinal 1. HR strategy Dependent 0.658 0.075 8.159 0.000
2. SHRM practices Dependent 0.624 0.068 8.159 0.000
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CONCLUSIONS

In the given circumstances, human resources have
earned a well-deserved position in the top of the
importance of the resources available to any compa-
ny. Their role has become decisive, being the only
ones that can ensure the development of an organi-
zation or, on the contrary, lead it to the opposite pole,
its bankruptcy.

The most striking change in the role of human
resources departments is the increasing importance
they play in developing and implementing the overall
business strategy of the organization, designing and
implementing the human resource strategy, and
implicitly in making organizational changes and gain-
ing the competitive advantage.

The role of strategic partners granted to the human
resources of an organization is essential in this peri-
od in which the competitors can quickly copy any
strategy of the rivals and the competitive advantage
should only be regarded as temporary. Human
resources are the only ones that can gain this com-
petitive advantage but also maintain it, being an inex-
haustible source of solutions and new ideas.

The performances of textile companies will have
direct and propagated effects in other industries and
it is going to strengthen the export capacity of a
region or country, with strong impact on jobs creation,
increasing of living standards and meeting economic
and social needs of a community.

Our research indicates that a real transformation
can be observed also at the level of the Human
Resources Department, whose main tasks, until
recently, had a predominantly administrative charac-
ter (kept records, files, drafted documents, adminis-
tered the employees of an organization, etc.).
Performing these activities is necessary, however in
no case are they sufficient for an organization that

wants to be successful and achieve outstanding busi-
ness performance. The human resources function,
with all that it implies should be developed to fulfill a
strategic partner role within any organization, regard-
less of its size or object of activity.

The development of the strategic human resources
management, the increase of its role within the orga-
nization through a more rigorous implementation and
a strategic approach become increasingly important
concerns for the Romanian managers. In the face of
the new realities in the global, national and regional
environment, we conclude that there is a strong trend
to shift to another, higher level that is the strategic
management of human resources (SHRM).

This research can be considered a topical one, the
central theme being a subject that has been
approached for many years in the international spe-
cialized literature. However, we have found a small
number of scientific papers, articles, studies in the
field in the Romanian academic literature.

The degree of scientific novelty of the present work
resides both in the way of presentation and the
nature of the information contained in the theoretical
part of the paper, as well as in the reality caught in the
applicative part, through the realization of a well
planned and executed field investigation, representa-
tive for the organizations in the Western Region of
the country, in order to identify the aspects described
in the first part of the paper.
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ABSTRACT - REZUMAT

Assessment of the research field in the European universities and analysis of the research projects impact
on academic performance

The research concept refers to the search for information; it can be defined as a scientific and systematic search for
relevant information on a particular topic. In fact, research is an art of scientific investigation. Some consider research
to be a movement, a movement from knowledge to ignorance. In this sense, the article allows to carry out an evaluation
of the field of research within the universities of Europe regarding the research process in the university environment
and the impact of the research projects on the academic performances. Bucharest University of Economic Studies have
been involved in different scientific research projects in order to foster the modernization of the textile field, to create a
favourable environment for the textile companies where they can develop their activities, implicitly supporting a
sustainable development of this industry. One of the strategic directions for such development was to design and support
the development of clusters for competitiveness in this field. Through this paper, we have conducted an in-depth analysis
of the impact of research projects in the Bucharest University of Economic Studies in the period 2014—2018, using the
propensity score method and performing a descriptive analysis of the data. One of the main results obtained, which is
also consistent with the literature, is that research projects in the academic environment have a significant impact on the
performance index h, the coefficient of the variable h index being statistically positive and significant. Thus, with an
increase in the number of teachers benefiting from research projects, index h will also register an increase at the level
of each individual. Funding based on academic performance can widen the gap between research and teaching.
Therefore, the quality measurement instruments of the research should be treated with greater indulgence, as it is not
possible to describe the contributions of an individual in a certain field of research based on simple numerical values.

Keywords: academic research, evaluation, best practices, performance, research projects, impact

Analiza activitatii de cercetare in universitatile din Europa si impactul proiectelor de cercetare asupra
performantelor academice

Conceptul de cercetare se refera la cdutarea de informatii; acesta poate fi definit drept o cautare stiintifica si sistematica
de informatii pertinente cu privire la un anumit subiect. De fapt, cercetarea este o ,artd” de investigare stiintifica. Unii
considera ca cercetarea este o miscare, o miscare de la cunoastere la necunoastere. In acest sens, articolul isi permite
sa realizeze o evaluare a domeniului cercetarii in cadrul universitatilor din Europa privind procesul de cercetare in
mediul universitar si impactul proiectelor de cercetare asupra performantelor academice. Academia de Studii Economice
Bucuresti a fost implicata in diferite proiecte de cercetare stiintificd in vederea participarii la modernizarea domeniului
textil, pentru a crea un mediu favorabil companiilor din acest domeniu in care ele sa se poata dezvolta si, implicit, sa
asigure o evolutie sustenabila a acestei industrii. Una dintre directiile strategice a fost sprijinirea dezvoltarii clusterelor
pentru competitivitate in acest domeniu. Prin intermediul lucrarii am realizat o analizéd aprofundata a impactului pe care
il au proiectele de cercetare in cadrul Academiei de Studii Economice in perioada 2014—2018, utilizand metoda scorului
de propensiune si realizand o analiza descriptiva a datelor. Unul dintre principalele rezultate obtinute, care este si in
concordanta cu literatura de specialitate, este acela ca proiectele de cercetare din mediul academic au un impact
semnificativ asupra indicelui de performanta h, coeficientul variabilei h index fiind pozitiv si semnificativ din punct de
vedere statistic. Finantarea bazata pe performantele academice poate largi decalajul dintre cercetare si predare. Prin
urmare, instrumentele de méasurare ale calitatii cercetarii ar trebui sa fie tratate cu o mai mare indulgenta, nefiind posibil
sa se descrie contributiile unui individ intr-un anumit domeniu de cercetare pe baza unor valori numerice simple.

Cuvinte-cheie: cercetare academica, evaluare, bune practici, performanta, proiecte de cercetare, impact

INTRODUCTION

Research is an academic activity and as such the
term should be used in a technical sense. According
to Clifford Woody, research contains defining and
redefining problems, formulating hypotheses or sug-
gested solutions; data collection, organization and

evaluation; setting the assumptions and conclusions;
and at least carefully testing the conclusions to be
able to verify whether they fit the hypotheses formu-
lated.

Slesinger and Stephenson, in the Encyclopedia of
Social Sciences, defined research as a process of
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manipulating concepts or symbols in order to gener-
alize the expansion, correction, or verification of
knowledge, whether it helps to build theory or prac-
tice art. Research is therefore an original contribution
to the existing stock of knowledge that contributes to
its development. This is the pursuit of truth through
the study, observation, comparison and experimenta-
tion [1].

Evaluation has become a regular practice in science,
technology and innovation management programs.
This tendency is determined both by the pressure
exerted by the company on the responsibility regard-
ing the public expenses, and by the increase of the
interest for evaluation as a basis for the planning and
management of the programs. There is no clear def-
inition of evaluation, but for the present purposes, it
can be defined as a series of analytical approaches
designed to identify and interpret the results and/or
consequences obtained in order to generate con-
crete information that can be used for future actions.
In order to increase the quality of education, educa-
tional research from different fields of study is carried
out by well-trained scientists [2]. The teacher, repre-
senting one of the most important actors in the inter-
national system, expects to practice educational
applications in the classroom in the light of the results
obtained from the research [3].

In other words, teachers need to closely monitor the
evolution of the educational field and monitor con-
temporary developments through research findings
[4-5]. That is why teachers need to be aware of
everything new in the field of educational research
[6-7] and to fulfill the role of researcher [8].
Teachers, like all people in the field of work, must
closely follow the latest developments in the field of
activity and then put into practice the experience and
knowledge gained in order to improve their pro-
fessional competence [9—-10]. In this sense, there are
expectations from the teachers regarding the expla-
nation and application of the results obtained in dif-
ferent studies of their own students. However, it can-
not be said that teachers have research benefits [11].
Although it is considered that educational research
has increased quantitatively [2, 12], the ultility rate of
these studies remains quite low in terms of educa-
tional practices [4,11,17-18]. In this context, it can
be said that the initiatives of the teachers to share
with the students the knowledge acquired in the field
of research play a very important role in education
[11, 13]. Therefore, teachers’ views on educational
research can be considered very important to
researchers [2, 14, 16].

In the studies based on the research of the percep-
tions and attitudes of the teachers related to the field
of educational research, the main results reveal that
the teachers generally have negative perceptions
about the research and that they consider that the
results of the research are far from offering solutions
to the problems encountered in the educational sys-
tem [17]. The results of these studies reinforce the
idea that teachers have negative opinions and atti-
tudes towards educational research.
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Although most studies have been conducted con-
sidering quantitative research methodology, there
appears to be a study in which qualitative research
methodology is pursued to determine teachers’ views
on educational research. The study by Yilmaz and
Kilicoglu (2013) seems to adopt a qualitative
research method to identify the views of teachers
regarding educational research; this study focuses
exclusively on comparing the opinions of teachers
and students who have not yet graduated [18].
Therefore, it can be said that more studies are need-
ed in which a qualitative method is applied in order to
examine in detail the opinions of teachers regarding
research. In this regard, it can be stated that there is
a significant difference on this topic in the specialized
literature. Even if the use of quantitative methods in
determining teachers’ attitudes is considered quite
important, it is clear that at present there are only
studies based on qualitative methods.

Taking into account the aforementioned aspects, the
main objective of this paper is to identify the impact
that the research projects have on the academic per-
formances at the level of the teachers from the
Bucharest University of Economic Studies, using
complex statistical methods, based on the selection
of a group of students, non-treats similar to treats
using the propensity score method (Propensity Score
Matching)

CRITICAL ANALYSIS OF THE EVOLUTION OF
THE CONCEPT OF THE “ACADEMIC RESEARCH
PROCESS” IN THE SPECIALIZED LITERATURE

The research process is described as a type of
research carried out by practitioners in their own con-
text and which has been accepted as a way of pro-
moting professional development. Elliot (2008)
describes educational research as a process of mutu-
al learning, with teachers learning from each other
as well as from their own students [19]. Beycioglu
(2010) conducted a study on a sample of 300
Malatya teachers in order to identify teachers’ views
on educational research [20]. The obtained results
show that 68% of the teachers are familiar with the
educational research from the moment they started
teaching. Academic journals were among the most
frequent means of accessing research studies
(28.2%), followed by books (18.8%). Regarding gen-
der differences, there were no statistically significant
differences between men and women.

McNamara (2002) stated that the most negative view
of the research teachers was the quantitative and
statistical nature of the research [21]. They cannot be
based on statistics, being open for manipulation.
Also, teachers believe that academics produce “dry
things” that have no applicability in practice.

Shkedi (1998) stated that teachers become familiar
with the field of research through the requirements of
the academic environment [22]. Despite the prob-
lems encountered, the teachers were not motivated
to develop in this area and those who were, seemed
to do it at random and not on a regular basis.
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However, research has been carried out in the field of
English, with the purpose of identifying the research
perceptions of the teachers. McDonough (1990) con-
ducted a study on a sample of 34 English teachers
aimed at finding out their vision for the field of
research [23]. Similar to what Brown et al. (1992), the
results of the study reflect that the teachers were not
involved in the roles [24]. Allison Carey et al. (2007)
analyzed perceptions of the relationship between
professional development and research on a sample
of 22 foreign language teachers from Canada, report-
ing certain factors that prevent teachers from devel-
oping in the field of research [25]. These factors
include the lack of time, courage, expertise and con-
fusion over the concept of “real research”. McNamara
(2002) obtained similar results by the fact that the
workload of the teachers prevents the increase of the
productivity in the research field [21].

Many researchers have emphasized the conflicting
nature of teachers’ demands, trying to meet the
needs of the professional field on the one hand, and
on the other, to comply with the academic perfor-
mance rules for which the number of publications is
of major importance. Education is located near the
lower limit in the hierarchy of disciplines within the
university, which means that it is particularly vulnera-
ble to accusations that the academic performance
rules are not respected.

The number of publications is sometimes interpreted
as an indicator of quality, sometimes as an indicator
of productivity. The logical understanding of each
interpretation is subtle, as well as the fact that the
same indicator is used for both productivity and qual-
ity measurement. Apparently, it could be said that a
simple quantitative index could highlight to a greater
extent productivity and not quality. In fact, according
to the literature, the productivity of research in the
academic environment is directly proportional to the
number of publications. This way of defining research
productivity ignores the fact that the term productivity
implies a relationship between inputs and outputs.
This definition, rather, equates productivity with prod-
uct.

Over time, there have been numerous criticisms
regarding the emphasis placed on the number of
publications in order to recognize academic perfor-
mance. These criticisms determine the faculty to
focus on research and publication to the detriment of
other activities, especially in pre-university education.
W.S. Massy and R. Zemsky (1994) consider this as a
“weakening” of the institution’s responsibilities [26].
Shelly Park (1996) stated that men spend more time
on research studies than women, who devote more
time to teaching. This statement suggests the idea
that men publish more in comparison with women.
Based on the idea that research is the most reward-
ing activity within a university and also in most stud-
ies it is suggested that research articles are evaluat-
ed on the basis of quantity rather than quality, Park
says that men receive higher rewards than women
[27].
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Robert T. Blackburn and Janet H. Lawrence (1995)
challenge the claim that men are more public than
women [28]. The two reports that while the results of
more than 50 studies show that women publish less;
the latest studies show that there is gender equality
in terms of number of publications.

Examining the links between funding and citation
from other studies is a window to research and
understand the sponsorship processes, performance
and results obtained in the world of scientific
research.

The evaluation of the research projects is used to
decide on the funding based on the academic perfor-
mance of the researchers, projects, departments and
institutions [29]. The assumption is that the funds
allocated after the performance evaluation will have
a higher yield. Over time there have been many
debates about the benefits of evaluation as a tool for
political research.

Evaluation, in a certain form, inevitably occurs when-
ever a paper is submitted for publication, the appoint-
ment of a new teacher or the promotion of a teacher
or when a grant is offered to a school or government
body. However, although there are many studies in
the literature on performance indicators, there is little
consensus as to which measures work best [30]. At
the same time, the objectives of the evaluation tend
to be defined by the agency responsible for verifying
the work.

RESEARCH METHODOLOGY ON BEST
PRACTICES IN EUROPEAN UNIVERSITIES.
THE IMPACT OF RESEARCH PROJECTS ON
ACADEMIC PERFORMANCE

The investigation sample was made up of large uni-
versities from some countries regarding the evalua-
tion of the research field. In the UK, research at uni-
versities is funded through a dual system that
combines the funding of general institutions with
grants and contracts. At the end of the 1980, the sys-
tem underwent radical changes, wishing that univer-
sities, polytechnics and colleges would be trans-
formed into public institutions, to be carried out at the
expense of the state, to suppliers, to serve cus-
tomers.

In the last decade, the United Kingdom has devel-
oped one of the most advanced research evaluation
systems in Europe [31]. According to the new sys-
tem, performance evaluation is performed not only at
the level of researcher and individual project, but also
at the institutional and national level. The first appli-
cation evaluation exercise (EVC) was conducted in
1986, and was repeated in 1989, 1992, 1996 and
2001.

In the Netherlands, research in the academic envi-
ronment is also funded through a dual system. The
Dutch Ministry of Education and Science offers fund-
ing through the so-called “first stream” program.
Grants for “secondary flows” come from research
councils and foundations, and contracts for “third
flows” come from government departments as well as
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from other organizations. As in other parts, concern
about quality and usefulness has led to the provision
of responsibility measures. In 1979, changes in
research management were recommended, and in
1983 a “conditional funding” system was introduced
in order to make research more socially efficient [32].
Through this scheme, a distinction was made
between the funds granted for teaching and those for
research. Thus, the research posts were funded
according to the quality of the publication (Steen and
Eijffinger). In the Netherlands, research in the aca-
demic environment is classified according to disci-
plines and programs.

The Dutch used the assessments to develop strate-
gies and not to allocate funds. On the one hand, as
Arie Rip and Barend vad der Meulen have shown,
Dutch culture prefers informal “bottom-up” evalua-
tions. On the other hand, policy makers are more
interested in making strategic choices than in evalu-
ating performance [33]. Therefore, each of the 27 dis-
ciplines is evaluated by a different committee. In con-
trast to British practice, according to which all disci-
plines are evaluated simultaneously, in Dutch culture
the assessments are made over four to six years.

In Germany, most academic research is carried out
either in research institutes (such as Max Plank or
Fraunhofer) or in “scientific universities”. Some
research also takes place within polytechnics, which
are mainly educational institutions. In German cul-
ture, research is funded through contracts with gov-
ernment agencies, with only a few private universi-
ties. There are three categories of public funding for
research in German culture. The first category refers
to the institutional financing, which takes the form of
subsidies blocked from the state. Institutional financ-
ing is applied in almost two thirds of the total univer-
sity expenses and covers the basic infrastructure and
staff. The second category is in the form of a capital
grant for buildings and equipment, being provided by
the federal government. The third source is “third
party funds” which are grants and contracts awarded
by public institutions for specific projects. As in the
case of other countries, these funds are awarded
based on reviews, using criteria of scientific excel-
lence and social utility. In order to realize the
research budgets, a coefficient of research and
development is derived from surveys that show the
time spent for research and teaching. In general,
academic performance was not considered for the
allocation of funds and there were no evaluations for
this purpose [34]. However, in recent years, several
countries have allocated additional resources for per-
formance.

The Nordic countries use a dual system to finance
research in the academic environment. In Denmark
and Finland, research councils grant grants based on
international review, and the government grants insti-
tutional funding. Only in Denmark and Finland funds
are granted for academic performance. In Denmark,
in 1994 a new budgeting system was introduced
through which a distinction is made between the funds
granted for teaching and those granted for research.
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The budget contains 5 elements: a basic financing,
a financing according to the performance in teaching,
a financing for research, a financing for other activi-
ties and a capital grant. Until 1995, research funds
were allocated in ascending order. Since then, the
amounts granted have begun to depend on the vol-
ume of publications and revenues from external
research. No other performance measurement indi-
cator is used, although the number of PhD students
helps determine the performance for teaching.

In Norway, universities benefit from blocked funds
and there is no difference between teaching and
research. Until recently, there was no attempt to use
a performance measurement identifier, except for the
amount of each graduate student. Similarly, there is
no funding for academic performance in Sweden.
Following the 1993 legislation, the results of the
examinations represent the only indicator taken into
account in the decision to allocate funds.

Of the Nordic countries, Finland has the most experi-
ence in performance-based financing [35] which
makes us think that it is a developed country. Most of
the academic research in Finland is carried out with-
in the Finnish universities, being financed by funds
allocated by the Ministry of Education. The didactic
component is represented by the number of gradu-
ates of the masters programs, and the research ele-
ment by the number of graduates of the doctoral
studies. The financing of the projects is allocated to
the programs that the government defines. Research
funding is granted on the basis of quality and impact
indicators, being used to create centers of excel-
lence, to increase international collaboration, to
improve the placement of graduates and to meet the
planned objectives.

After 1945, the national research systems in Eastern
Europe were based on the Soviet tripartite model,
according to which the universities must focus on
teaching, the research being done in the institutes of
the Academy, and the research applied either in aca-
demic institutions or in government ministries [36]. In
the last 10 years, with the development of open mar-
ket economies, the system has undergone some
changes. Research evaluation has emerged as a tool
for examining how budgets could be reduced without
the need for research, with mutual evaluation becom-
ing the main tool used [37]. While national systems
have undergone major changes, academies continue
to play an important role in the field of research, and
evaluations have focused on institutes.

The Polish universities compete for funds based on
the number of registered students and through two
hypotheses submitted by the Scientific Research
Committee. The first hypothesis represents a system
of individual and team financing based on open com-
petition and mutual evaluation. The second hypothe-
sis, called “statutory funding”, is allocated to faculties
within universities based on past assessments. Each
year, the institutions must present the achievements
recorded during the past year and also a research
plan for the coming year. The evaluations are carried
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out by groups of experts who assign the institutions
to a certain category.

In 2000, New Zealand began to allocate 20% of the
institutional funding based on mutual assessments. If
the experiment proves to be successful, it is intended
to increase from 20% to 80%. In Australia and Hong
Kong, there are national research assessments, and
both cultures use the results obtained for funding.

In many studies on the impact of funding on research
activity, the implicit or explicit theoretical assumption
is that reliance on external resources forces research
organizations and implicitly researchers to change
their field of activity to benefit from changes in fund-
ing [38]. There is no simple mechanism for funding
the research field, but rather it is a complex combi-
nation of the different allocation mechanisms, the
sources of funding and the criteria on which the funds
are granted [39]. Sometimes these incentives bal-
ance each other out, and sometimes they reinforce
each other [40—41].

There is no doubt that the research activity is affect-
ed by several other contextual elements, from cultur-
al practices to the political legitimacy of a system. For
example, research assessments and global scientific
policy — as long as they are not directly related to
funding — can have institutional consequences [42].
On the other hand, researchers and universities are
able to adapt their behavior and organization to new
external requirements so that their field of activity is
not affected if the requirements do not suit their own
interests [43]. In addition, foreign policy pressures
and incentives are mediated by existing disciplinary
cultures [44].

Assessing the potential impact of research projects
on academic performance within the Bucharest
University of Economic Studies (ASE) makes it pos-
sible to conduct more expansive investigations on
research funding in an advanced research university
and the relationships between funding and other fea-
tures of a published work, including citation, this
being the major unit of impact measurement The
evaluation of the research projects is used to decide
on the funding based on the academic performance
of the researchers, projects, departments and institu-
tions.

Bucharest University of Economic Studies have been
involved in different scientific research projects in
order to foster the modernization of the textile field, to
create a favourable environment for the textile com-
panies where they can develop their activities, implic-
itly supporting a sustainable development of this
industry. One of the strategic directions for such
development was to design and support the develop-
ment of clusters for competitiveness in this field.

In the analysis from the case study presented in this
paper, it was investigated the provisions and results
of different projects with the textile industry. Ones of
the main scientific research projects in this field were
“Entrepreneurial culture — a chance to develop the
entrepreneurial spirit of the employees in the textile
industry” and “Postdoctoral school Economics of
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knowledge transfer in sustainable development and
environmental protection”.

We can see from these examples that different
research entities share a continuous preoccupation
for fostering the research and development activities
in order to have access to the latest know-how in the
textile field. At the same time, the joint projects are
designed to bring higher value to the textile industry
by taking into consideration a better economic per-
spective and a strong connection to the market
demand.

In order to achieve this, the propensity score match-
ing (PSM) method was used, which aimed to quanti-
fy the effect of participating in research projects both
as a member and as a director on the academic per-
formances of ASE teachers, performances evaluated
by four result indicators: number of ISI articles, num-
ber of BDI articles, h index and i10 index for the
period 2014-2018.

The concept of Propensity Score Matching (PSM)
was first introduced by Rosenbaum and Rubin (1983)
in the paper entitled “The Central Role of the
Propensity Score in Observational Studies for Casual
Effects”. Heckman (1997) also played an important
role in developing the propensity score method. It
focused on the selection tendency, with a primary
focus on certain random deductions when there is an
uneven distribution. Heckman later developed the dif-
ference approach based on the application of PSM.
A propensity score (r) for an individual (s) is defined
by Rosenbaum and Rubin (1993) as the conditional
probability (P) that it be distributed in the treatment
group or in the control group (T), given a vector of
covariate observations (X), expressed as [43]:

m; = P(T; = 1|X) (1)

Since the propensity score is a probability, its values
can be between 0 and 1. If the propensity score was
used in a randomized trial comparing two groups,
then the propensity score for each individual in the
study would be 0.50. This result is due to the fact that
each participant would be randomly assigned to
either the treatment group or the control group with a
probability of 50%. In study models where there is no
randomization, such as in a quasi-experimental pro-
ject, the propensity score should be estimated.
Propensity score values depend on a vector of
covariate observations that are associated with
receiving treatment. In general, if a treated subject
and a subject in the control group have the same
propensity score, it means that the observations are
controlled. Therefore, any difference between the
treatment group and the control group will be taken
into account and will not be the result of the observed
covariates.

The main limitation of a study is given by the fact that
there may be random selections of the subjects, but
it is not possible to randomly assign them to a certain
group (treatment or control). When we are faced with
the lack of randomization, no deductions can be
made because it is not possible to determine whether
the difference in results between the treated group

2019. vol. 70. no. 6



and the untreated group (the control group) is due to
the treatment or the differences between the subjects
regarding other characteristics. Individuals with cer-
tain characteristics may be assigned to the treatment
group with a higher probability than those without
those characteristics.

Generally, propensity scores are calculated by logis-
tic regression or by classification and regression tree
analysis.

1. Logistic regression: is the most commonly used
method for estimating propensity scores. It is a model
used to determine the likelihood of an event

occurring.
e(x; Pr(z.=1|x.
In ) =In &= 11%) =o+B7x (2)
1 - e(x)) 1-Pr(z;=1]x)
where:

e(x;) = Pr(z;=1]|x)

e(X) = by + by X, + byX, + by X5 + ...+ bX;
and:

b, — free term;

b; — regression coefficient;
X; — treatment variables;
x; —the observed values of the variables.

In the case of logistic regression, the dependent vari-
able is a dummy variable, Zi = 1 being the value
assigned to the individuals in the treatment group,
and Zi = 0, representing the value of those belonging
to the control group.

2. The classification and regression tree model
(CART): this is a non-parametric method that can
effectively divide individuals into homogeneous sub-
groups. It is not used as much as the logistic regres-
sion for estimating propensity scores because it is
much more complex.

Adjusting the estimated propensity scores is per-
formed using one or a combination of the four main
methods: stratification, matching, regression and
weighting.

The empirical results

Analyzing the table 1 it can be noticed that at the
level of the group of treaties, there are, on average,
4.55 scientific articles present in the journals listed in
the bibliographic database of the Institute of Scientific
Information (ISI). The average of the specialized arti-

cles existing in the international databases at the
level of the studied group is 5.03. Also, it can be con-
cluded on the basis of the obtained results that, on
average, about 5 papers published by the university
staff that make up the group of treaties were cited at
least 5 times, the index h having a value equal to
5.11. The average value of the i10 index suggests
that approximately 3 scientific articles recorded at
least 10 citations. It is also worth noting that for both
the scientific articles present in the journals listed in
the Institute of Science (Web of Science) biblio-
graphic database and for the existing publications in
international databases (BDI) the value of the median
is 4, which means that 50% of those included in the
treaty group have published more than 4 specialized
articles BDI, and 50% have published less than 4
papers, respectively 50% of the university staff regis-
ter more than 4 articles listed WoS (ISI), and 50%
have less than 4 WoS listed items.

Based on the modal value of the performance index
h, it can be concluded that the most frequent value of
the index h is 4, which means that in the studied
group, most have 4 specialized papers that have
been cited at least 4 times. The highest value of the
h index is 15, and the smallest is 1. It should also be
noted that the maximum number of BDI articles is
lower than that of WoS articles. The index h, consid-
ered in the specialty literature as an indicator of mea-
suring the performance in the field of research has a
maximum value of 15, this being registered by a sin-
gle teacher. Most researchers (31) obtained a value
of index h equal to 4, a result identified previously, in
the descriptive analysis of the data. The most fre-
quent value recorded for the index i10 in the studied
group is 23, this threshold being reached by a single
teacher. The value 23 of the i10 index suggests the
idea that 23 scientific articles have been cited at least
10 times. 30 university staff does not register values
for the i10 index, and 41 of them have a single article
with at least 10 citations. Most of the specialized arti-
cles existing in international databases belong to the
university staff with the position of doctor university
professor, and the few (67) belong to the university
assistants. An explanation for these results of the dis-
tribution of the number of BDI articles according to
the didactic degree would be that, a professor is
based on several years of experience in the field of

Table 1
DESCRIPTIVE ANALYSIS OF TREATMENT GROUP DATA DURING THE PERIOD 2014-2018
i10_index no_art_ISI_sum no_art BDI sum h_index

N Valid 152 142 167 152

Missing 37 47 22 37
Mean 3.07 4.55 5.03 5.11
Median 2.00 4.00 4.00 5.00
Mode 1 1 1 1
Minimum 0 1 1 1
Maximum 23 27 23 15
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Table 2

DESCRIPTIVE ANALYSIS OF THE DATA OF THE CONTROL GROUP DURING THE PERIOD 2014-2018
no_art_ISI_sum no_art_BDI_sum h_index i10_index
N Valid 673 598 466 466
Missing 321 396 528 528
Mean 2.47 3.69 4.66 2.96
Median 1.00 2.00 4.00 1.00
Mode 1 1 3 0
Minimum 1 1 0 0
Maximum 59 75 27 92

research and has a greater recognition both national-
ly and internationally than an assistant at the begin-
ning of his career. It also has more resources and
funds needed to publish the works. According to the
literature, individuals who are senior in the field of
research enjoy greater recognition and receive easi-
er funding from organizations.

As expected after analyzing the results obtained
based on the BDI and WoS articles, the average
value of the average h index among doctoral univer-
sity teachers is 6.12, being the highest value record-
ed at the didactic level. It is worth noting that the
average h index for the teaching degree of doctoral
assistant is higher than that of the university lectur-
ers. This result could be explained by the fact that the
assistants enjoy the fact that they appear as co-
authors on certain papers published by the university
professors. The value of the average h index sug-
gests that, on average, an individual with the degree
of doctoral university professor published 6 scientific
articles that were subsequently cited at least 6 times.
In the case of the average i10 index, the registered
value is 4.2, which means that, on average, each uni-
versity professor included in the group of treaties has
4 specialized publications that have registered a
number of citations at least equal to 10.

It can be observed that at the control group level,
there are, on average, 2.47 scientific articles present
in the journals listed in the bibliographic database of
the Institute of Scientific Information. The average
value of the i10 index leads to the conclusion that
approximately 3 scientific articles registered at least
10 citations. Based on the obtained results, it can be
stated that, on average, about 4 works published by
the members of the control group registered at least
4 citations, the index h being equal to 4.66.

It is also worth noting that for both the WoS articles
and the i10 index, the median value is equal to 1,
which means that 50% of the individuals included in
the control group have more than 1 paper present in
the journals listed on the basis WoS bibliographic
data, and 50% have less than one WoS-rated spe-
cialty article. For scientific articles existing in interna-
tional databases, the median is equal to 2, and the
median for the performance index h equals 4, indi-
cates that 50% of the control group has more than

industria textila

ﬁl

4 published articles that have registered at least
4 citations and 50% have less than 4 articles pub-
lished with the same number of citations.

Analyzing the modal value of the performance index
h, it can be concluded that most frequent value is 3,
which means that at the control group level; most
individuals have published 3 specialized articles that
have been cited at least 3 times. The highest value of
index h is 27, and the smallest is 0. According to the
literature, an index h equal to 0 does not necessarily
indicate that a researcher was completely inactive:
the author has already published a series of papers,
but if none was mentioned at least once, the index h
is 0. Unlike the results obtained for the group of
treaties, the maximum number of BDI articles is high-
er than that of ISI articles. In table 2, the main results
obtained from estimating the propensity score (PSM)
method can be identified. A first notable result that is
in line with the specialized literature is that the
research projects carried out within the Bucharest
University of Economic Studies during the period
2014-2018 have a significant impact on the perfor-
mance index h, which means that an increase in the
number of research projects by 1%, the value of
index h for a teacher from the Bucharest University of
Economic Studies will increase by 0.78%.

Another important result is that the i10 index is also
influenced by the research projects, being statistical-
ly significant and positive. This result suggests that,
as in the case of index h, an increase in the number
of research articles will result in a higher value of
index i10 for an ASE teacher and more than this, the
number of publications with at least 10 registered
citations will increase with the number of research
articles.

CONCLUSIONS

In the given circumstances, the Performance Based
Assessment System, as it encourages competition,
may also encourage the shift towards “homogeniz-
ing” research, discouraging experiments with new
approaches and rewarding “safe” research regard-
less of their benefits to society. The decrease in diver-
sity can be harmful. Moreover, a system for which
publications are a key criterion encourages “inflation
of publications”. Certainly, many academics will
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respond by participating in the “game” without neces-
sarily improving their performance (D. Cannadine,
1999, pp. 18-19).

In Romania, the performance of teachers in the field
of research is weak compared to other countries in
Europe. According to the specialized literature,
Romania is ranked in the last places at European
level regarding the scientific publications existing in
journals listed in the bibliographic database of the
Institute of Scientific Information. Also, Romania has
low values compared to other countries in terms of
the value of the h performance index, which in coun-
tries such as the United States of America, Great
Britain and Germany is equal to 400, respectively
200 and 206.

Through this paper, we have conducted an in-depth
analysis of the impact of research projects in the
Bucharest University of Economic Studies in the
period 2014-2018, using the propensity score
method and performing a descriptive analysis of the
data. One of the main results obtained, which is also
consistent with the literature, is that research projects
in the academic environment have a significant
impact on the performance index h, the coefficient of
the variable h index being statistically positive and
significant. Thus, with an increase in the number of
teachers benefiting from research projects, index h
will also register an increase at the level of each indi-
vidual.

The research projects carried out within the
Bucharest University of Economic Studies in the
period 2014-2018 also had a significant impact on
the i10 index. This result suggests that an increase in
the number of research articles will result in a higher
i10 index value for an ASE teacher and, moreover,
that the number of publications with at least 10
recorded citations will increase with the number of
research articles.

Funding based on academic performance can widen
the gap between research and teaching. If the
rewards awarded in the field of research are greater
than those awarded for education, the university staff
will focus more on research than on teaching. While
the intention is to reward and encourage, the evalua-
tion inevitably focuses on previous performances
rather than current ones, and less so on future
ones.Therefore, the quality measurement tools of the
research should be treated with greater indulgence,
as itis not possible to describe the contributions of an
individual in a certain field of research based on sim-
ple numerical values.
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