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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.

2019. vol. 70. no. 6




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.
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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.

Polyeder Earpe
o
Weft
” denity
N ~ . 32
Weft density g -———t — 35
£ - . o - EF ]
o0
o
n Raw Material
~
~ T of warp yams
W - - ] e
~ o Fow Material of warp yarns —B- Rayon
a0 k]
Face weave
pattern
:“ ~ -~ < - 103 sateen
o B “l*-x /’_ Face weave pattern —B— 205 sateen
S # - S535ateen
: ¥
w0
w n e sabeem  Mssaen  Sesabem
‘obyester o
oo
Weft
density
10 = . . 32
Weft density . o . = - 35
- - ~ e %
b - . -
.
L
LS Raw Matorial
e of warp yarns
\,. r,"“-‘_“ - @ Polyester
~ Faw Material of warp yarns —B— PRayon
~ “ - &
<o .
Face weave
[N pattern
r o s - 105 sateen
R PP ol Face weave pattern —m— 205 sateen
0 e N i + - 53 sateen
L n ] Wnouatern  Jn e e

Fig. 3. Interaction plot of air permeability of fabrics:
a — before and b — after finishing

2019. vol. 70. no. 6



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
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!
»

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