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OLYESTER surface fabric was modified using Sodium Hydroxide solution with different

concentrations. The wettability of the fabric was enhanced. The modification was carried
out using two different techniques; conventional and microwave irradiation. The conditions of
both techniques were studied. The new modified polyester fabric was further modified using
Zinc Oxide in order to add value to the modified fabric. The add on characters are; inhibition
of bacteria growth of the surface, protection from ultraviolet radiation as well as enhanced the
dyeability of the fabric. Both different techniques also used. The properties of the new modified
fabric were studied. Microwave irradiation techniques used showed the best results of different
properties. Minimizing the energy and time of the treatments were fulfilled.

Keywords: Microwave, Alkaline hydrolysis, Polyester, Wettability, Antibacterial, Zinc Oxide,

UPF.

Introduction

Polyester fiber has occupied the leading position
among the three major synthetics fibers; due
to its specific advantages such as high strength,
abrasion resistance, wash and wear, and wrinkle-
free characteristics. On the other hand, it has some
disadvantages as low moisture regains and poor
wettability i.e. it is hydrophobic and oleophilic.
These problems can overcome by alkaline
hydrolysis, which converts hydrophobic polyester
into hydrophilic U4,

Due to low its hydrophilicity, polyester
is usually dyed with disperse dyes at high
temperatures and high pressures. To improve the
dyeing properties, many researchers have tried
different methods to solve these problems [,

Microwave irradiation is an electromagnetic
wave region between infrared waves and radio
waves (0.3-30 GHz) in the -electromagnetic
spectrum. Microwave irradiation become an
important feature in the textile industry at recent
years; it was described as green chemistry
which refers to the design of chemical products

and the processes that eliminate the pollution
and hazardous to human health, so microwave
synthesis is considered as an important approach
toward green chemistry 61,

Textile is one of the industries that use
massive water and energy, so in recent researches,
microwave irradiation was showed great
development in textile finishing especially in
surface modification of polyester fabric and
enhancement take up in dye process which
consumes the time and energy [*>¢

On the other hand, Zinc Oxide has
attracted wide interest in recent years due to its
properties and non-toxic which considered as
green synthesis and has been approved as a safe
material from the United States Food and Drug
Administration ["-#. Zinc oxide can be considered
as multifunctional materials due to its unique
physical and chemical properties which lead to
use it in protection products due to its property
against bacteria and the ability to absorb (UV-
A, UV-B) radiation, so Zinc oxide known as UV
blocker or absorber [,
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At this work, surface modification of polyester
was done using sodium hydroxide and zinc oxide.
Different factors were studied using conventional
and microwave techniques. The effects of the
treatments on different properties of the modified
fabric such as antibacterial, U.V protection,
and dyeability were investigated. These add on
properties raise the polyester rank as well as
minimizing pollution of textile industries via
reducing energy and time of different processes as
aresult of using microwave irradiation techniques.

Experimental

Materials

Fabric

Polyester fabric 100% plain weave) 120 g/m2),
65 picks/inch, and 163 ends/inch was purchased
from Masr Spinning & Weaving El-Mahallaa El-
Kobra Company, Egypt

Chemicals and equipment
All chemicals and equipment were of
laboratory grade reagents.

Dyes

Disperse dye Dianix Blue E-R 150% (C.I.
Disperse Blue 56) was kindly supplied by “Dystar
Company”, Cairo, Egypt.

Microorganisms

Staphylococcus aureus (S. aureus) as a gram-
positive and Escherichia coli (E. coli) as gram-
negative were supplied from the Faculty of
Agriculture- Ain Shams University, Egypt.

Media

Suitable broth/ agar media are Nutrient which
contains: Peptone (5 g/L) and beef extract (3 g/L)!'"
were supplied from Al - Gomhoria Company for
medicines and medical supplies, Egypt.

Methods

Finishing technique

Hydrolysis of polyester fabric using sodium
hydroxide via microwave irradiation technique.

The polyester fabrics were impregnated in
treatment baths containing (3, 6, 9, 12, and 15%
o.w.f.) NaOH at L: R (1:30-1:70 o.w.f.). Then the
sample squeezed using laboratory padder to get
(80, 90, 100, 110, and 120%) wet pick up. The
sample raped in a plastic sheet and put it in the
microwave at different power (low, med. low,
med., med. high and high) for (1, 1.5, 2, 2.5, and 3
min.). The polyester samples were acidified using
acetic acid with different conc. (3, 6, 9, 12 and
15%).
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Hydrolysis of polyester fabric using sodium

hydroxide via conventional technique.

The polyester fabrics were impregnated in
treatment baths containing (3, 6, 9, 12, and 15%
o.w.f.) NaOH with L: R (1:30-1:70 o.w.f.). The
samples squeezed using laboratory padder to get
an (80, 90, 100, 110 and 120%) wet pick up The
samples were putting in a plastic sheet and kept at
(20, 30, 40, 50 and 60°C) for (4, 6, 8, 12 and 24
hour), then acidified with different concentrations
(3,6,9, 12, and 15%) of acetic acid.

Treatment of polyester fabrics with zinc oxide

via microwave technique
Hydrolyzed as well as untreated polyester fabrics
were impregnated in a solution of different
concentration of zinc oxide (1-5 % o.w.f)
dissolved in 4% acetic acid, then fixed at different
power(low, med. low, med., med. high and high)
for different times (5,10,15, 20, 25 and 30 min.) at
microwave oven. The treated fabrics dried in an
ambient condition, then cured at 200°C for 3 min.
and finally rinsed.

Treatment of hydrolyzed and untreated

polyester  fabrics with zinc oxide via

conventional technique.

Hydrolyzed as well as untreated polyester
fabrics were impregnated in a different
concentration of zinc oxide solution (1,2,4,6 and
8 % o.w.f.) dissolved in 4% acetic acid for 5 min.
The treated fabrics dried in an ambient condition,
then cured at 120°C for 6 min., rinsed and soaped
with nonionic detergent (2g/L).

Dyeing of polyester and hydrolyzed ZnO

treated polyester fabrics with disperses dye

Dyeing using microwave technique

The untreated, untreated/ZnO, hydrolyzed,
and hydrolyzed/ZnO polyester fabrics were dyed
using 2%dye shade (C.I. Disperse Blue 56), 15g/L
carrier, Sml/L acetic acid to adjust the PH for
4-5 in presence of 2-3g/L dispersing agent. The
dyeing was carried out at different microwave
power (low, med. low, med., med. high and high)
for (5, 10, 15, 20, 25, and 30 min.). The samples
were rinsed, and reduction cleaned with detergent
2g/L at 60°C for 20 min.

Dyeing with conventional technique

The untreated, untreated/ZnO, hydrolyzed,
and hydrolyzed/ZnO polyester fabrics were dyed
using a 2% dye shade (C.I. Disperse Blue 56),
15g/L carrier, Sml/L acetic acid to adjust the PH
for 4-5 in presence of 2-3g/L dispersing agent.
The temperature of the dyeing bath was raised
gradually, kept at 90°C for 60 min., and then
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lowered to 60°C. Reduction cleaning was done if
required, rinsed well and dried.

Test methods
Physico-mechanical properties evaluation
Determination of wettability
The Water wettability test was determined
using AATCC Test Method 79-2000!1)-

Determination of tensile strength
Tensile strength and extension at break were
determined using ASTM D 5035 '

Determination of tearing strength
Tearing strength was determined using ASTM
D 1424.13

Colour measurements

Colour strength

The color strength was determined by
measurement of the K/S value of the dyed samples
using Mini ScanTM XE Hunter-lab Universal
Software, which determined by the Kubelka—
Munk equation:
[1—R 2

K/S= =y

Where R is a fraction of light reflected at a
wavelength of maximum absorbance or minimum
reflectance, K is the absorption coefficient and S
is the scattering coefficient!'-

Fastness properties measurements

Light fastness

The light fastness of dyed fabrics was
evaluated according to -ISO 105-B02 test method

[15]

Wash fastness
The wash fastness of dyed fabrics was

evaluated according to ISO 105-C06 test method
[16]

Perspiration fastness

The colorfastness to the perspiration of dyed
fabrics was determined according to ISO 105-E04
test method "

Antibacterial evaluation:

The AATCC 100 or TM 100 is an antibacterial
count test method used to assess textiles treated
with antimicrobial products as a part of the finished
textile coating. The percent reduction of bacteria
was calculated using the following formula 100 (B
- A)/B =R where: R = % reduction where A = the
number of bacteria recovered from the inoculated
treated test specimen swatches in the jar incubated
over the desired contact period B = the number of
bacteria recovered from the inoculated treated test

specimen swatches in the jar immediately after
inoculation (at O contact time)!',
Ultraviolet protection factor (UPF) evaluation
UPF was determined according to AATCC
183-2010 standard test method

UPF = IzgumEDKSDK'—"Ii
400 nim
Tagg EOXSOXTOx Al
where: EA = relative erythemal spectral

effectiveness, SA = solar spectral irradiance, TA
= average spectral transmittance of the specimen
(measured) AL = measured wavelength interval
(nm) 8

Durability test

The optimized polyester fabric samples were
washed for (5 and 30) washing cycles according
to the AATCC test method ),

Result and Discussion

To get the best-modified surface of polyester
fabric to enhance, wettability, Drapability, hand,
antibacterial, anti UV harmful effect as well as
dyeability, the following results obtained and
discussed, using conventional and microwave
irradiation techniques.

Effect of treatment time with sodium hydroxide on
the polyester fabric wettability

The effect of time of the treatment was
shown in figure (1, 2). Generally, the treatment
of fabrics with sodium hydroxide leads to the

5 o
ower
45 - b
g 4
a B blank
0 1 [ ]
g 25 | low
g 2 mmed.low
Ke)
g

15 4

1 I I I ' B med
05 4

0. mmed.high
05 1 1.5 2 25 3 mhigh

Time/min.

Fig. 1. Effect of the treatment time on wettability of
polyester fabric using microwave technique.

Condition: NaOH conc. 3% o.w.f.; L: R 1:50 o.w.f;
wet pick up 80%; power low, med. low, med., med.
high and high; time/ min. 0.5, 1, 1.5, 2, 2.5 and 3.
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temprature °C

¥ blank

Absorbancy/sec.

4 9 8 12 24

Time/hour

Fig. 2. Effect of the treatment time on wettability of
polyester fabric using conventional technique.

Condition: NaOH conc. 3% o.w.f.; L: R 1:50 o.w.f.; wet
pick up 80%; temp. °C 20, 30, 40, 50 and 60; time /
hr4, 6, 8, 12 and 24.

decrease of fiber diameter and enhancing their
wettability!l.

In figures (1, 2) It was observed that by
increasing the treatment time the wettability
time decreased regardless of the temperature
used. These may be attributed to the formation
of hydrophilic groups as -OH and -COOH due to
hydrolysis 21,

The microwave technique shows the best
results than_conventional technique because of
microwave irradiation causes rapid heating in
short reaction time 221,

The effect of sodium hydroxide concentration
(conc.) on the wettability of polyester

Figures (3, 4) show an increase in sodium
hydroxide concentration leads to a decrease in
wettability time regardless of the temperature
used. The enhancement in wettability is due
to increases in hydrolysis percent of polyester
fabrics. Using the microwave technique shows
the best result because of the acceleration of
treatment time, this leads to absorb the irradiation
energy directly, speeding up the hydrolysis of the

power
| blank

=

How

| mied.low

Absorbancy/fsec.

umed

= L

A — B med.high
3 & 9 12 15 m high

MNaOH conc. %

Fig. 3. Effect of sodium hydroxide concentration
on wettability of polyester fabric using
microwave technique.

Condition: NaOH conc. 3, 6, 9, 12 and 15% o.w.f.; L: R

1:50 o.w.f.; wet pick up80%; power low, med. low and

med. for 2.5 min, med. high for 2 min. and high for 1 min.

Egypt. J. Chem. 63, No. 9 (2020)

Temprature °C

m blank

J
[
&
=
g =20
£ 2
5 m30
ESEEE a0
0 =50
3 6 9 12 15 60

NaOH conc. %

Fig.4. Effect of sodium hydroxide concentration
on wettability of polyester fabric using
conventional technique.

Condition: NaOH conc. 3, 6,9, 12 and 15%o0.w.f.; L: R

1:50 o.w.f.; wet pick up 80%; temp. °C 20, 30, 40, 50 for

24 hr.; 60 for 8 hr.

Microwave heating  conventional heating

Fig.5. Microwave heatinFSand conventional
heat dissipation

polyester surface ). Whereas in the conventional
technique the outer wall heated first, then penetrate
to the second layer and finally moves to the center
as illustrated in (Figure 5)% .

The effect of pick-up percent of sodium hydroxide
solution on the wettability of polyester

Figures (6,7) show decreasing in wettability time
by increasing the wet pick up % regardless of
the temperature used. This may be attributed to
increasing the concentration of NaOH which
increasing the percent of hydrolysis of polyester

power

o
_; m blank
Z 3
< H low
3
5 2 mmed.low
ESE mmed
0 mmed.high
80 90 100 110 120 m high

Wet pick up %

Fig. 6. Effect of wet pick-up percent on wettability of

polyester fabric using microwave technique.
Condition: NaOH conc. 9, 12 and 15% o.w.f.; L: R 1:50
o.w.f.; wet pick up 80, 90, 100, 110 and 120%; power
low, med. low and med. for 2.5 min, med. high for 2
min. and high for 1 min.
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Temprature °C
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ig.7. Effect of wet pick-up percent on wettability
of polyester fabric using conventional

technique.
Condition: NaOH conc. 15% o.w.f.; L: R 1:50 o0.w.f.;

wet pick up % 80, 90, 100, 110, 120; temp. °C 20, 30,
40, 50 for 24 hr., 60 for 8 hr.

which leads, in turn, enhanced the wettability>.
The microwave heating rapidly degrades the
polyester as compared to the conventional
heating, due to the effect of the irradiation energy
of microwave 6221,
The effect of the treatment liquor ratio of on the
wettability of polyester fabric

Figure (8) shows an increase in liquor ratio
using conventional technique leads to a decrease
of wettability time; this may be attributed to an
increase in the concentration of sodium hydroxide
which increasing the hydrolysis rate of polyester.

5
4.5 Temprature °C
o 4
;g_ 35 m blank
g 3 =20
5 25
£ 2 30
@ 15
31 m40
0.5
0 - AL . ms0
30 40 50 60 70 w60

L:R

Fig.8. Effect of liquor ratio of the treatment
on wettability of polyester fabric using
conventional technique.

Condition: NaOH conc. 15% o.w.f.; L: R 1:30, 1:40,

1:50, 1:60, 1:70 o.w.f.; wet pick up 90%; temp.°C 20,

30,40 and 50 for 24 hr., 60 for 8 hr.

The lowest liquor ratio conc. (1:30) showed an excellent

result (100 % wettability zero sec.) even at low microwave

temperature using NaOH (15%) at 2.5 minute.

The variety in liquor ratio does not have a huge
effect on wettability on polyester fabric but was
preferred using the lowest possible liquor ratio
as possible to minimize the pollution of the
environment 4 -
The effect of hydrolysis on the polyester fabric
strength

Table (1, 2) the loss is may due to the effect of

TABLE 1.The effect of hydrolysis of polyester fabrics with NaOH on their tensile and the tear strength using

microwave technique.

Microwave temp.

Property Untreated fabric . med. d med. hieh
ow low me high '
Tensile strength in
warp (g/5cm) 83.3 79 62 53 50.5 44
Warp 64.3 64.3 45 50 485 44
elongation%
Tensile strength in
weft (Kg/Scm) 67.6 67.5 435 49.5 54 53.5
fi
We.t 43 42 335 333 325 30
elongation%
Tear
strength in warp 3300 1800 1600 1800 2000 2350
(gm.)
Tear strength in 2350 2033 2033 2000 3166 3300
weft (gm.)

Condition: NaOH conc. 9, 12 and 15% o.w.f.; L: R 1:30 o.w.f.; wet pick up 90%; power low, med. low and med. for 2.5

min, med. high for 2 min. and high for I min.

Egypt. J. Chem. 63, No. 9 (2020)
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TABLE 2. The effect of hydrolysis of polyester fabrics with NaOH on their tensile and the tear strength using

conventional technique.

Untreated Conventional temp./°C
Property .
fabric 20 30 40 50 60
Tensile
. 83.3 85 72.5 72.6 57.6 53.5
strength in warp
(Kg/5¢m)
Warp 643 52.6 49 47 473 43
elongation%
Tensile
strength in weft 67.6 71 63 63 57.5 57
(Kg/5cm)
Weft 43 34 33.3 33.5 343 34
elongation%
Tear strength 3300 2433 2200 3000 1750 2650
in warp (gm.)
T t) th
ear streng 2350 2550 2100 2400 2600 2450

in weft (gm.)

Condition: NaOH conc. 15% o.w.f.; L: R 1:30 o.w.f.; wet pick up 90%; temp°C 20, 30, 40 and 50 for 24 hr., 60 for 8 hr.

the energy of microwave which causes a random
motion of the particles of NaOH generating heat
and speed of motion leading to bond fission i.e.
hydrolysis occur causing decreases in tensile and
tear strength %461,

Effect of the treatment of hydrolyzed and untreated
polyester fabric with Zinc Oxide on some of its
properties.

Effect of treatment with Zinc Oxide on the
wettability of hydrolyzed and untreated polyester
fabric using microwave technique

Tables (3, 4, 5, 6, and 7) show an increase in
the wettability time of ZnO treated polyester at
low power rather than the higher one regardless
of concentration. This may be attributed to the
particle size of ZnO, which accumulate at a higher
temperature so they have a difficult in penetration
through the fine macro pores structure of the
fabric, as well as the area of contact between
the ZnO particles and the surface of the fabric is
retracted 229 as shown in figure (9, 10).

Tables (3, 4, 5, 6, and 7) showed the time
of wettability increased by increasing ZnO
concentration which causes a surface roughness.
A surface roughness which acts as a barrier
opposed the water penetration. As well as the
action of a particle of ZnO, which agglomerate
by increasing the temperature as shown in figure
(9’ 10)[25,26]

Effect of treatment with Zinc Oxide on the

Egypt. J. Chem. 63, No. 9 (2020)

wettability of untreated and hydrolyzed polyester
fabric using conventional technique

Table (8) shows a slight increase in wettability
by increasing ZnO concentration; the increase of
ZnO conc. the wettability decreased. This may
be due to an aggumilation of ZnO particles, so
the difficulty of penetration process through the
fine micro pores structure of the fabric. So, the

aggumelate particles easily removed by washing
[26]

The effect of surface modification of polyester
fabric on different properties

The effect of the modified surface of polyester
fabric on dyeability, fastness properties,
antibacterial, protection against UV irradiation
as well as some mechanical properties as tear and
tensile strength were studied, using the fabric
showed the optimum condition of the treatment.

Effect of Sodium Hydroxide and Zinc Oxide
treatment of polyester fabric on Colour Strength
using Disperse Blue 56

The color strength(K/S) of the untreated
polyester fabric shows result lower than
treatment samples even with microwave or
conventional techniques, as shown in table (9)the
alkali treatment opens the structure of polyester
causes an increase in OH- and COOH- groups,
i.e. increasing the wettability of the fabric and
ease the diffusion of the dye molecules. The
microwave technique shows the best result than
the conventional one. The irradiation energy of
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TABLE 7. Effect of zinc oxide concentration on wettability time of untreated and hydrolyzed polyester fabric at high power using microwave technique.

Time/min.

30

25

20

15

10

Fabrics

ZnO con-

centration

NaOH/
ZnO

Un reiﬁed/

NIy

Unglelaed/

Ny

Un%elﬂed/

Ny

Wettability/sec.

Un leiﬂed/

N2V

Un ﬁﬂed/

WAy

U%&Bgfed/

Untreat- NaOH*

/100ml

ed*

2.17

1.38
2.2

94
1.7

25.37

14.97

23.39
1.01 min

2.15 min.

1.87
1.32

05
2.13
2.85

2.

24
18.38

30.58
58
36

1.27
1.29
2.62
1.07

18.46
27.62
38
41.51
40.73

1.17
1.26
1.26
1.41
2.18

15.24
36.06
48.92

25.8
1.26 min.
NaOH*= Hydrolyzed polyester using NaOH Untreated/ZnO *= untreated polyester fabric treated using ZnO NaOH/ZnO*= Hydrolyzed polyes-

0.9

8
1.03
0.81
2.06

14.52
26.66

49.37
35.66

1.50 min.

0.81
0.81
0.94
1.23
1.96

13.96
19.5
43.72

37.57
1.12 min.

Zero

4.7

— AN on <t N

Untreated=Untreated polyester fabric

ter using NaOH then treated using ZnO

Condition: power. high; NaOH conc.15%0.w.f.; wet pick up 90%; L: R 1:30 o.w.f..; time 2 min. Drip dry in ZnO; curing 200°C; curing time 3 min.

i, /;'_'_-_-::" . bt

LY sg / * L ale - . g .

) e m_ﬂ.—ﬂ__

hydrophobic  rough surface hydrophilic  flat surface
surface surface

)
hydrophilic
surface

Fig. 9.A shape of drop on different textile surfaces g

f_]ﬁ
hydrophilic surface @mp!oEi: ;urlar,e

a) b)

Fig. 10. ZnO particles on different textile surfaces
271

rough surface

7).

TABLE 8. Effect of zinc oxide concentration on
wettability time of untreated and hydrolyzed
polyester  fabric using conventional

technique.
E £
> St
= £
&
= ]
2 E TR z
N 'g s == = © N
£ g* $ £S £
= = z = 2
g = - z
S wettability/sec.
1 0.62 0.12
2 0.61 0.3
4 47 0.08 0.94 0.48
6 0.82 0.43
8 0.81 0.43

Untreated=Untreated polyester fabric.

NaOH*= Hydrolyzed polyester using NaOH. Untreated/ZnO
*=untreated polyester fabric treated using ZnO.
NaOH/ZnO*= Hydrolyzed polyester using NaOH then treated
using ZnO.

Condition: temp. 20°C; NaOH conc.15%o0.w.f.; wet pick up
90%; L: R 1:30 o.w.f..; time 24hr. Drip dry in ZnO; wet pick

up 100%; curing 120°C; curing time 6 min.

microwave plays a role in the enhancement of
the dyeing process 2 | On the opposite way,
the ZnO particles accumulate and increased
by temperature so prevent the penetration or
diffusion the dye particles leading to decrease
the color strength.
Effect of Sodium Hydroxide and Zinc Oxide
treatment on fastness properties (wash, light,
perspiration) polyester fabric

Table (9) shows the result of the fastness
properties of treated and untreated samples. The

Egypt. J. Chem. 63, No. 9 (2020)
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TABLE 9. Effect of surface modification of polyester fabric on some of properties.

property polyester fabric finishing
. Untreated Untreated/NaOH* NaOH/ ZnO* Untreated/ZnO*
Techniques fabric
m.w Conv. m.w Conv. m.w Conv.
Wettability / sec.
Wettability 2.1 .
4.7 Zero 0.08 . 0.48 sec. 2.75min. 0.94 sec.
min.
K/S
Color strength
2191 26.59 24.45 21.37 23.58 20.09 24.04
Grade
Wash fastness
4-5 4 4 4 4 4-5 4
Light fastness 6 5-6 5-6 6 6 5-6 5-6
L Acid 4-5 4-5 4-5 4 4 4-5 4
Perspiration )
Alkali 4-5 4-5 4-5 4 4 4-5 4
Reduction %
(E. coli) Zero 72.56 71.44 63.64 64.77 57.23 64.27

Antibacterial %

(S. aureus) Zero 80.2

Ultraviolet protec-

tion factor 31.7 315

Tensile strength Warp 83.3 79
(Kg/Sem) Weft 67.6 615
Elongation % Warp 64.3 64.3

Weft 43 42
Warp 3300 1800

Tear strength (gm)

Weft 2550 2033

80.12 70.73 72.85 59.15 69.69
UPF Grade

33.6 56.1 63.5 56.4 39.5
Kg/5cm
85 86.5 74.6 89.3 90
71 53.5 63.6 70.3 76.3
Percent %
52.6 71 61.6 65 66.6
43 39 42.6 433 433
Gm.
2433 5875 6425 6450 6600
2550 5250 6583.3 5133.3 6450

Untreated: polyester fabric

I S S T G I

results ranged from good to very good for both
wash and perspiration. This may be attributed to
the physical bond that occurred between the fabric
and penetrated dye as hydrogen bond, Van der
Waals force. Slightly fading obtained because of
uniformly on the surface %1,
Effect of Sodium Hydroxide and Zinc Oxide
treatment on bacteria growth of polyester fabric
The reduction % of hydrolyzed polyester
fabric with NaOH has increased because of OH-
which causes damage of cell-wall of bacteria, i.e.
disturbance of cell mechanism by cause of using

Egypt. J. Chem. 63, No. 9 (2020)

Untreated/NaOH-m. w (temp. low; NaOH conc. 15% o.w.f.; wet pick up 90%; time 2.5 min.; L: R 1:30 o.w.f.)
Untreated/NaOH-conv. (temp. 20°C; NaOH conc. 15% o.w.f.; wet pick up 90%; time 24 hr.; L: R 1:30 o.w.f.)
NaOH/ZnO-m. w (temp. low; ZnO conc. 4% o.w.f.; time 5 min.; L: R 1:30 o.w.f; cured 200°C; time 3 min.)
NaOH/ZnO-conv. (at room temp. low; ZnO conc. 4% o.w.f.; L: R 1:30 o.w.f; cured 120°C; time 6min.)
Untreated/ZnO-m. w (temp. med.; ZnO conc. 5% o.w.f.; time 10 min.; L: R 1:30 o.w.f; cured 200°C; time 3 min.)
Untreated/ZnO-conv. (at room temp.; ZnO conc. 6% o.w.f.; L: R 1:30 o.w.f; cured 120°C; time 6min.)

ZnO which dissolute in acetic acid. The acid
affects the membrane as it: a- a loss of membrane
activity, b- increase the membrane fluidity,
c-hyper- polymerization of cell-protein as well
as, d- granules coagulation around the membrane.
All of these leading to fission of membrane, so
disorder in cell metabolism [27:2-3]

Effect of Sodium Hydroxide and Zinc Oxide
treatment on ultraviolet protection value of
polyester fabric

High protection value depends on many
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factors such are fabric type, porosity, density,
moisture content. Polyester fabric has good-very
good protection according to thickness and fabric
constructur, after treated with UV absorber the
protection value was increased %, Intable
(9) was observed that untreated polyester has
very good protection this result may be due to
woven fabrics showed better UV blocking and
polyester has double bonds in polymer chain
which can absorb and reflect a small amount of
UV-REB, Otherwise, hydrolyzed polyester shows
slightly increasing in UPF value this result may
be due to alkali treatment led to surface roughness
which can be affected on UPF value P9, After
treated (hydrolyzed polyester and untreated
polyester fabric) with ZnO the protection value
was increased which is reasonable as the fabric
absorbed the ZnO particles [39] which made a
coated layer on the surface fabric.

On the other hand, when comparing between
microwave technique and the conventional
method it was observed that conventional methods
represent higher value than microwave technique
this result may be due to microwave temperature
increased particle size 9 which may cause large
agglomeration on the surface which removed by
washing B7,

TABLE 10. Durability of gained properties

Effect of the treatment of polyester fabric with
Zinc Oxide on its Tenacity

Polyester fibers are strong because of it
extremely crystalline; the tenacity being higher
depends on the degree of crystalline. In the
table(9) hydrolyzed polyester fabric showed
decreasing in tensile and tear strength than the
other treatment, this result may be due to hydrolysis
reaction which obtains the structure of the polyester
macromolecular and produces hydroxyl and
carboxylate end group (hydrophilic, function group
) causes losing of material weight, reduction fiber
diameter; so decreasing in tenacity was occurred
M1 Comparing between untreated fabric and
other treated fabrics an increasing in tensile and
tear strength was observed may be due to zinc
oxide particles coating layer on the surface of
the fabric, i.e. hydrolysis decreased (42, 43] on
the other hand, when comparing tensile and tear
results in warp and weft direction the warp shows
higher results than weft because warp yarns are
stressed more during weaving and the number of
threads is higher than weft direction 1. On the
other hand, using the microwave technique shows
decreasing in the tenacity of the fabric due to
increasing the rate of hydrolysis 2.

Durability

properties Washing cycle
0 5 30
Fabrics
NaOH/ NaOH/ NaOH/ NaOH/
Untreated ZnO ZnO 7n0b ZnO ZnO ZnO ZnO ZnO
a a b
a b a b
Bacteria Reduction%
S. aureus zero 72.58 69.69 55.68 63.64 79.14 76.8 54.94 60.73
Antibacterial
E. coli Zero 64.27 64.77 47.67 66.28 70.14 55.56 44.4 51.82
Color strength 21.91 24.04 23.58 24.04 21.37 20.74 20.36 23.14 19.90
UPF grade
Ultraviolet protection factor 31.7 39.5 63.5 56.4 56.1 42.2 66.2 60.1 59.7

G*=Untreated fabric /ZnO a= untreated polyester fabric treated using ZnO via conventional technique

NaOH/ZnO a= Hydrolyzed polyester using NaOH then treated using ZnO via conventional technique ZnO b=

untreated polyester fabric treated using ZnO via microwave technique

NaOH/ZnO b= Hydrolyzed polyester using NaOH then treated using ZnO via microwave technique

Egypt. J. Chem. 63, No. 9 (2020)
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Effect of surface modification on the durability of
gained properties of polyester fabrics

In the table (10) their slight enhancement in
bacteria reduction in growth % and UPF grade this
results may be due to that the ZnO in commercial
form has large particle size which made large
agglomerates so can be removed from the surface
after washing make more levelness on the surface
B7 but the results of K/S showed slightly fade.

Conclusions

In this work wettability performance of
Polyester fabric depends on many parameters
(time, concentration, wet pick up, liquor ratio, and
temperature of the treatment). The enhancement
in wettability was greater when used microwave
technique. On the other hand, the particles of Zinc
Oxide deposit on the surface of the polyester fabric
have an effect on bacterial growth, UPF value, and
dyeing process. Microwave irradiation energy is
more efficient than the heating energy obtained by
conventional techniques. To some extent, the use
of microwave technology in the textile industry
will minimize effort, time, energy, and production
cost.
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