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HE SA/TDI/PEG1000 adduct was synthesized by reacting a

mixture of stearyl alcohol (SA) and polyethylene glycol (PEG) of
molecular weight 400, 1000, 2000, or 6000 Dalton with 2,4-toluene
diisocyanate (TDI). The prepared adduct emulsion was incorporated in
different easy care finishing formulations to illustrate the impact of
that adduct emulsion on the performance, functional and comfort
properties of treated cotton/polyester fabric. Among five salts namely
ammonium sulphate, magnesium chloride, zinc sulphate, copper
sulphate and ammonium chloride examined as catalysts for the
aforementioned finishing formulations, ammonium sulphate with a
concentration of 6 g/l was the unique catalyst that imparts treated
fabric with significant durable functional properties. Furthermore,
increasing of the adduct concentration in the finishing bath results in
an increase in fabric weight, tensile strength, softness, stiffness, water
repellency, antibacterial, water vapor resistance and thermal resistance
properties of treated fabric along with a reduction in resiliency and air
permeability properties of that fabric. On the other hand, inclusion Ag
or TiO, nano-particles (NPs) in easy care finishing baths containing
the SA/TDI/PEG1000 adduct emulsion effectively upgrades the
antibacterial properties along with a slight reduction in the water
repellency of treated fabric. Furthermore, the morphology of prepared
Ag- or TiO,-NPs was characterized via their TEM images. Meanwhile,
fabric samples treated with SA/TDI/PEG1000 composites containing
such NPs were characterized via their SEM and EDX images as well
as TGA analysis.

Finishing is the final step in the fabric manufacturing process, the last chance to
improve its functional and comfort properties™ . Some of the functional finishes
gaining popularity are wrinkle resistant finish, water and oil repellent finish,
hydrophillic finish, antimicrobial finish, fragrant finish, flame retardant finish,
sun protective finish and soft-finishes®*”). Coating as a finishing process can
impart a textile with new properties textile to become multifunctional textile.

Water repellent fabric is obtained by coating it with a hydrophobic finish such
as paraffin repellents, stearic acid-melamine repellents, silicone repellents and
fluorocarbon-based repellents™®. Water repellent fabrics having comfort
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properties are coated with water repellent finishes that have hydrophilic and
hydrophobic segments. The hydrophobic segments impart water resistance and
facilitate adhesion of the coating film to the substrate, while the hydrophilic
segments provide water vapor permeability™®??. Polyurethanes are one of the most
frequently polymers coatings that are used over other polymeric coatings to
enhance the hydrophobic properties of fabrics because of their advantages such as
the good adhesion on textile surface, high gloss, water and solvent resistance, high
moisture permeable properties, good abrasion resistance and strength, high
flexibility, dry-cleanability, softer handle, low add-on required and cheapness %%,
Polyurethanes are made by reacting diisocyanates with one or more of polyols
compounds.

On the other hand, cellulosic textiles are well known as convenient media for
the microorganism’ s growth such as bacteria, fungi, etc. The bacterial growth
causes an unpleasant odor, stains, discoloration, and deterioration in the
mechanical strength of textiles along with cross infections for the wearers
themselves®®®. Many bioactive agents can effectively kill and/or control such
bacterial growth such as metal salts, triclosan, chitosan, antibiotics, etc. Recently
with the generation of nanotechnology, the textile finishing research has been
developed and by means of nano-size substances, e.g. Ag, ZnO, and Tio, nano-
particles, antibacterial textiles were obtained®®®).

In our previous work, the SA/TDI/PEG1000 adduct was synthesized,
characterized and its emulsion was utilized as a water repellent finish for
cotton/polyester blended fabric®”. As an extension, the present work aims at
utilization of such adduct emulsion to impart cotton/polyester blended fabric with
additional functional properties via incorporating it in different easy care
finishing formulations. Moreover, the impact of these finishing treatments on
comfort properties of treated fabric was also studied as follows.

Experimental

Materials

Mill-scoured and bleached cotton/polyester (50/50) blended fabric of plain
weave structure, weight of 125g/m? and count (Ne) of 30/1 and thickness of 0.31
mm was supplied by Misr Spinning and Weaving Co., Mehalla EL-Kobra, Egypt,
was used. Durapret LF conc. 70%, low formaldehyde resin for easy care finishes,
Biotex, was used. Egyptol® (a nonionic detergent, based on ethylene oxide
condensates provided by the Egyptian Company for Starch, Yeast and
Detergents, Alexandria, Egypt, was used. 2,4-toluene diisocyanate (TDI), stearyl
alcohol (SA) of purity 95% and polyethylene glycol of molecular weight 1000
Dalton (PEG1000) were used. Ammonium sulphate, ammonium chloride, copper
sulphate, zinc sulphate, magnesium chloride and isopropyl alcohol were all of
laboratory grade chemicals.
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Methods

Synthesis of SA/TDI/PEG1000 adduct

The SA/TDI/PEG1000 adduct was prepared with total conversion of 99.2%
as follows: a thermostated mixture of 5 g of SA and 1 g of PEG 1000 was melted
at 70 °C in 100 ml stoppered glass bottle under dry nitrogen in an air circulated
oven. To that melt, TDI (dried on molecular sieves at 30 °C) of molar ratio 20 %
to SA was added and mixed well with the above other reactants. The reaction was
then left to proceed for 90 min at 100 °C.

Emulsification of the prepared SA/TDI/PEG1000 adduct

At the end of the reaction, hot distilled water at 70 ° C of calculated volume
according to the desired concentration was added to the reaction products
followed by stirring the mixture for 3 min using a strong homogenizer and then
the formed emulsion was cooled to the room temperature to form homogeneous
oil in water emulsion.

Preparation of TiO, nanopatrticles

Titanium dioxide nano-particles (TiO,-NPs) were prepared as previously
reported using titanium tetraisopropoxide precursor with 2-propanol and nitric
acid®),

Silver nano-particles preparation
Silver nano-particles (Ag-NPs) were prepared using trisodium-citrate as a
reductant as reported elsewhere ©®.

Fabric treatment

Fabric samples of 30X30 cm? were padded to a wet pick up of ca 100 % in
finishing baths containing 60 g/l DMDHEU as crosslinker, 6 g/l of different salts
as catalysts and different concentrations of the adduct emulsion (0 - 50 g/l). The
padded samples were dried at 100 °C for 3 min in Wenner Mathis AGCH-8155
oven and then cured at 160 °C for 3 min. The finished fabrics were washed at 50
©C for 15 min, thoroughly rinsed, and finally dried for testing.

Testing and analysis
e Fabric weight (W) was determined according to ATSM D 3776 —79.
e The percent total conversion was determined according to ASTM
procedure D 1638-T59.

e Dry wrinkle recovery angle (WRA) was determined according to ASTM
D-1296-98.

e The tensile strength (TS) of the finished fabric sample was tested in the
warp direction according to ASTM D-2256-98.

e Water repellency rating (WRR) was performed using the spray test as
described by AATCC Test Method 22-1989.
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Stiffness (S) was determined in the warp direction according to ASTM
Test Method D 1388-96 using Jika (Toyaseiki) apparatus.

Surface roughness (SR) was measured using a Surfacoder 1700a.
Antimicrobial activity of control and finished viscose fabrics were tested,
expressed in the inhibition zone (1Z) per millimeters, according to the disc
diffusion method, AATCC Test Method 147-2004. The antibacterial
activities of the untreated blank as well as finished fabrics were tested
against the following bacteria:

Gram-positive bacteria: Staphylococcus aureus (SA).

Gram-negative bacteria: Escherichia coli (EC).

Air permeability (AP) was evaluated according to ATSM (D 737-96). The
air permeability of a fabric is the air flow passing through that fabric under
a given air pressure.

Water vapor resistance (WVR) was measured by Permetest instrument
working on similar skin model principle as given by the 1SO 11092.
Thermal resistance (TR) was determined according to ASTM D 1518-85.
Durability to wash was assessed by subjecting the fabric to 5, 10 and 15
laundering cycles. Each laundering cycle consists of washing for 10 min at
50 °C using 2 g/l nonionic surfactant followed by rinsing and air drying at
ambient conditions.

The morphology and particles size of the Hybrid emulsion was obtained
by transmission electron microscope (TEM) using a JEOL, JEM 2100 F
electron microscope at 200 kV.

Scanning electron microscope (SEM) images of the treated and untreated
fabric samples were obtained using SEM Model Quanta 250 FEG (Field
Emission Gun) attached with EDX Unit (Energy Dispersive X-ray

Analyses), with accelerating voltage 30 kV, magnification 14x up to

1,000,000 and resolution for Gun, FEI company, Netherlands.
Thermogravimetric analysis (TGA) was performed at a temperature starting

from 25 °C to 600 °C under inert nitrogen atmosphere with heating rate of
10 °C min™ using the instrument: SDT Q600 V20.9 Build 20, USA.

Results and Discussion

Factors affecting functional and comfort properties of SA/TDI/PEG1000 adduct
emulsion treated fabric

The SA/TDI/PEG1000 adduct was prepared by reacting of a mixture of PEG
1000 and SA with TDI as represented by the following equations® *:
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Thus, the above reaction yields a mixture of compounds I, Il, 1l as well as
un-reacted starting materials. For simplicity the reaction product will be referred
for as SA/TDI/PEG1000 adduct. The prepared adduct emulsion was incorporated
in different easy care finishing formulations and the impact of such finishing
treatments on some performance, functional as well as comfort properties of
treated fabric was studied as follows along with an appropriate discussion.

Catalyst type

TABLE 1. Effect of catalyst type on the functional properties of treated fabric.

Catalyst t WRR Z1 (mm)
atalysttype G +ve G -ve
Magnesium chloride 50 5 3
Zinc sulphate 70 7 5
Ammonium sulphate 80 9 7
Copper sulphate 70 8 5
Ammonium chloride 50 12 10

Fabric finishing conditions: The fabric is padded in finishing bath containing 60 g/l of DMDHEU, 6
g/l of any of the used catalysts as well as 40 g/l of adduct emulsion to a wet pick up of 100 %; drying
at 100 °C/3 min; curing, 160 °C/3 min. WRR: water repellency rating; ZI: zone of inhibition; G+ve:
St. aurous; G-ve: E. coli.

The reaction of N-methylol compounds with cellulose is acid catalyzed.
Selecting the proper catalyst is needed to maximize the extent of crosslinking of a
fabric that indeed governs the significance of functional properties of that
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fabric®™ . Table 1 shows the effect of the catalyst type on the functional properties
of cotton/polyester fabric treated with different easy care finishing formulations.
It is clear that: i) treating fabric samples with finishing baths containing 40 g/l of
the adduct emulsion in presence of the aforementioned catalysts imparted
antibacterial as well as water repelling properties to treated fabric, ii) the fabric
sample treated in presence of ammonium sulphate as a latent catalyst has the
highest hydrophobic as well as antibacterial properties, and iii) according to the
catalyst type, the antibacterial properties of treated fabric can be arranged in the
following order: ammonium chloride > ammonium sulphate > copper sulphate >
zinc sulphate > magnesium chloride, whereas the water repellency rating of these
treated samples can be arranged as follows: ammonium sulphate > copper
sulphate = zinc sulphate > ammonium chloride = magnesium chloride. The
enhancement in antibacterial properties of the above mentioned catalysts treated
fabric may be explained in terms of: i) the antibacterial properties of the long-chain
fatty alcohols that can penetrate and disrupt the cell membranes of the bacterial
cell®9 and ii) the antibacterial properties of polyethylene glycol 1000¢7.

However, the alteration in extents of the aforementioned functional
properties, i.e. water repellency rating and antibacterial properties, of treated
fabric could be related to the differences between these catalysts with respect to
rate of dissociation and/or decomposition, extent of crosslinking reactions and/or
interactions, metal type and size, nature of anion, as well as location and
distribution of crosslinks®*%®,

Catalyst concentration

TABLE 2. Effect of catalyst concentration on the functional properties of treated

fabric.
Ammonium sulphate Z1 (mm)
concentration (g/1) WRR G +ve G -ve
2 0(0) 13(4) 11(3)
4 50(0) 11(5) 10(4)
5 70(50) 10(5) 8(3)
6 80(70) 9(6) 7(4)
7 80(70) 7(5) 6(5)

Fabric finishing conditions: The fabric is padded in finishing bath containing 60 g/l of DMDHEU, 40
g/l of adduct emulsion as well as different concentrations of ammonium sulphate to a wet pick up of
100 %; drying at 100 °C/3 min; curing, 160 °C/3 min. WRR: water repellency rating; ZI: zone of
inhibition; G+ve: St. aurous; G-ve: E. coli. Values in parentheses indicate retained water repellency
rating and antibacterial properties after 5 laundering cycles.

Table 2 shows the functional properties of cotton/polyester fabric treated with

different easy care finishing bathes containing different concentrations of
ammonium sulphate as a catalyst. It is clear that increasing the concentration of
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that catalyst in the finishing bath is accompanied by a significant improvement in
the water repellency rating along with a reduction in the antibacterial properties

of treated fabric. Furthermore, the results shown in Table 2 also reveal that,
laundering of the aforementioned finished fabric samples for 5washing cycles has
a negative impact on the retained water repellency as well as antibacterial activity
of treated fabric. The variation in extents of such functional properties of treated
fabric may be explained on the basis that the reaction of N-methylol compounds,
i.e. DMDHEU, with fabric cellulose is acid catalyzed®. The lower the pH, the
higher the extent of crosslinking of that fabric is, and consequently the higher the
water repellency as well as the lower the antibacterial properties of treated fabric.
However, a concentration of 6 g/l of ammonium sulphate seems to be the proper
concentration that effectively enhances the functional properties of treated fabric
as well as the durability of such properties for washing.

Emulsion concentration

TABLE 3. Effect of emulsion concentration on some performance, functional and
comfort properties of treated fabric.

i Inhibition
E"C‘c‘)‘r'ion W | WRA | TS| WR| zone(mm) | SR| S AP WVR | TR
. 2. (e} 3 2 2 -1
@) (g/m) | (W+F)"| (Kg)] R GrvelGe (u m) (mg) (cm*/cm®.s)| (m“Paw™) (Clo)
Untreated| 125.01| 187 |49.1| 0 0 0 | 17.65| 498 47.34 3.6 1.436
5 129.85| 249 2 0 4 2 |16.62| 570 35.85 4.6 1.447
15 133.03| 243 |44.2] 50 5 4 |16.29| 640 32.45 51 1.456
30 134.16| 238 |44.7| 70 8 5 |16.01| 676 30.22 5.4 1.468
40 135.85| 235 |[45.1] 80 9 7 | 15.77| 712 29.39 5.7 1.475
50 138.21| 231 |45.5| 80 11 9 | 15.58| 784 28.56 5.8 1.481
46.1

Synthesis reaction conditions: PEG MW, 1000 Dalton; PEG/SA weight ratio, 20 %; TDI/SA molar
ratio, 20%; reaction time, 90 min; reaction temp., 100 °C.

Fabric finishing conditions: the fabric is padded in finishing bath containing 60 g/l of DMDHEU,
different concentrations of adduct emulsion and 6 g/l of AS to a wet pick up of 100 %; drying at 100
°C for 3 min; curing, 160 °C/3 min. WRA: wrinkle recovery; TS, tensile strength; WRR: water
repellency rating; ZI: zone of inhibition; G+ve: St. aurous; G—ve: E. coli; SR, surface roughness; S,
stiffness; AP: air permeability; WVR, water vapor resistance; TR, thermal resistance.

Table 3 shows the extents of some physico-mechanical and comfort
properties of SA/TDI/PEG1000 adduct emulsion treated fabric as functions in
SA/TDI/PEG1000 adduct concentration. It is obvious that increasing the adduct
concentration in the finishing bath is accompanied by: i) an increasing in fabric
weight, tensile strength, stiffness, water vapor resistance and thermal resistance
of treated fabric, ii) a reduction in resiliency, surface roughness and air
permeability of treated fabric, and iii) an enhancement in the water repellency
and antibacterial properties of treated fabric. The variation in extents of such
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properties is related to the formation of a hydrophobic film onto fabric structure
that: i) lowers the surface energy and consequently the tendency of treated fabric
to be wetted®>?, ii) increases the smoothness of treated fabric as a result of the
inclusion of SA as well as PEG 1000 onto the fabric structure that impart
lubrication to fibers and yarns of treated fabric® | iii) forms a barrier against the
bacterial growth, and iv) resists air penetration as well as water vapor
transmission through the fabric structure and thereby enhances the thermal
insulation of treated fabric®; the higher the adduct concentration, the higher the
deposition and fixation of its ingredients onto the fabric structure and
consequently the more is the alteration in extents of such properties of treated
fabric. Furthermore, the enhancement in tensile strength along with the reduction
in resiliency of finished fabric may be explained by the progressive consumption
of some DMDHEU in binding the adduct ingredients to the cellulosic regions of
treated fabric through the labile hydrogen of terminal hydroxyl groups or
urethane groups as represented from the following equationst®"#1?:

; B
H v
AN
Ho/\NJ\N/\OH N O Cel-0 NN N o
Cell-OH +  }{ N —_— | +2H,0
HO OH o 160 °C HO OH
(DMDHEU) (Urethane group)  eeseeeeseenen 4)
X X
Ho/\u/\OH . Cell- o/\u/\o—mHz)ﬂCHa
Cell - OH + + HO-(CHy),CHy —— 5
HO OH 160 °C HO OH +H0
(DMDHEU) s *)

Nano particle type

TABLE 4. Effect of nano-particle type on the water repellency rating and
antibacterial properties of treated fabric.

Nano-particle WRR ZI (mm)
type G +ve G -ve
Without 80 (70)(50)(0) 9(6) 7(4)
Ag 70(50)(0) 12 (7) 10 (5)
TiO, 70(50)(0) 14 (10) 13 (8)

Fabric finishing conditions: The fabric is padded in finishing bath containing 60 g/l of DMDHEU, 6
g/l of ammonium sulphate, 40 g/l of adduct emulsion and 30 g/l of the nano particles stock solutions
to a wet pick up of 100 %; drying temperature, 100 °C/3 min; curing temperature, 160 °C/3 min.
WRR: water repellency rating; ZI: zone of inhibition; G+ve: S. aurous; G—ve: E. coli. Values in
parentheses indicate retained water repellency rating and antibacterial properties after 5 laundering
cycles.
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Table 4 shows the effect of inclusion of Ag-NPs or TiO,-NPs in different
easy care finishing formulations containing SA/TDI/PEG1000 adduct emulsion
on some functional properties of treated cotton/polyester fabric. For a given set of

finishing conditions, the data in Table 2 signify that fixation of such nano
particles through the nominated adduct onto/within the finish/fabric matrix,
regardless of its type, brings about an upgrading in the antibacterial activities of
treated fabric against G-ve (E. coli) and G+ve (S. auereus) bacteria.

Furthermore, Table 2 reveals also that the aforementioned nano-particle impair
the water repellency rating of their treated water repellent fabric samples
lowering it to the value of 70.

The additional improvement in the antibacterial properties of TiO,-NPs/
adduct treated fabric is related to the formation of high oxidative radicals on the
TiO,-NPs loaded fabric surface, e.g. HO- and HO,- that attack the bacterial cell
membrane and destroy it®®. On the other hand, the improvement in the
antibacterial properties of Ag-NPs/adduct treated fabric is a result of generation
of Ag-ions, in the presence of moisture, that joins to the bacterial DNA leading to
its inactivation according to equation 19

Qg+ 4H:0T+4Agn — 4Ag g +06H0 ——(1)

and/or producing of oxygen radicals that oxidize the molecular structure of
bacteria according to equation 19

Ag
Hy0+(1/2)0; — H;0, = H,0+(0) -——- 2)

Moreover, while washing the treated fabric for 10 cycles preserve the
antibacterial properties of treated fabric, despite of the reduction in their extents,
it impairs the water repellency rating of that fabric and lowers it to zero.

Characterization of the prepared nano-particles and their SA/TDI/PEG1000
composite treated fabric

The particle size of freshly prepared Ag-NPs and TiO,-NPs are characterized
via investigating their TEM images. Moreover, fabric samples treated with easy
care finishing bathes containing SA/TDI/PEG1000 composites, i.e. containing
Ag-NPs or TiO,-NPs, were characterized via investigating their SEM and EDX
images. Furthermore, a fabric treated with easy care finishing bath containing 40
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g/l of the SA/TDI/PEG1000 adduct emulsion was characterized, compared with
an untreated sample, using the TGA analysis. Given below is the discussion.

TEM, SEM and EDX images

Fig. 1. TEM image of Ag-NPs.

Fig. 2(a). SEM of untreated fabric.
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Fig. 2(b). SEM of water repellent fabric loaded with Ag-NPs.
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Fig. 4. TEM image of TiO,-NPs.
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Fig. 5. SEM of water repellent fabric loaded with TiO,-NPs.
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Fig. 6. EDX image of water repellent fabric loaded with TiO,-NPs.

Figure 1shows the TEM image of Ag-NPs where these particles are well
distributed and less than 10 nm in size. Moreover, Fig. 2(a) and (b) show SEM of
the untreated and Ag-NPs loaded water repellent fabric images, respectively
where a smooth deposited film of the SA/TDI/PEG1000 composite loaded with
Ag-NPS can be seen on the surface of treated fabric. Furthermore, Fig. 3 shows
EDX spectrum of Ag-NPs loaded water repellent fabric which confirms the
presence of Ag-NPs with a content of 0.22% (w/w).

On the other hand, Fig. 4 shows the TEM image of TiO,-NPs where these
particles are not aggregated and of size less than 10 nm. Additionally, Fig. 5
shows SEM of the image of TiO,-NPs loaded water repellent fabric. It is clearly
seen from Figure 5 that the surface of fabric is coated with a smooth
homogeneous film of the SA/TDI/PEG1000 composite. Moreover, loading the
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coated fabric with TiO,-NPs of a content 0.27% (w/w) is
confirmed by EDX spectrum represented by Fig. 6.

The TGA curves of untreated and water repellent fabric samples were shown
in Fig. 7. It is clear that the thermograms of these samples consist of three parts.
The first part represents a dehydration stage®*® which starts from about 25 to
110 °C with a weight loss of 3.26 and 2.714% for untreated and water repellent
fabric samples respectively. The second part represents the first stage of the
thermal degradation®"*®). This stage is in the region of about 328 to 389 °C and
accompanied with a weight loss of 44.55 and 41.55% for the above mentioned
samples respectively. The third part corresponds to the conversion of the
remaining materials to carbon residues. In the part, the weight loss was about
31.48 and 28.38 % in the range of about 398 to 500 °C for the above fabric
samples respectively.

Thermal gravimetric analysis (TGA)

—--————- Untreated fabric

w00 | ——— Water repellent fabric

s0 |-

s0 |-

Yo weight

a0 |-

20 | T

o 100 200 300 400 500
Tempersture (°C)

Fig. 7. TGA of untreated and water repellent fabric.

Conclusions

1. The adduct SA/TDI/PEG1000 was prepared and its emulsion was incorporated
in different easy care finishing formulations to impart cotton/polyester blended
fabric with water repelling as well as antibacterial properties.

2. Ammonium sulphate with a concentration of 6 g/l was the unique catalyst
that imparts treated fabric with significant durable functional properties.

3. Increasing the adduct concentration in the finishing bath was accompanied
by: i) an increase in weight, tensile strength, stiffness, water vapor resistance
and thermal resistance of treated fabric, ii) a reduction in resiliency, surface
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roughness and air permeability of treated fabric, and iii) an enhancement in
the water repellency and antibacterial properties of treated fabric.

Inclusion of 30 g/l of Ag or TiO, nano-particles of stock solutions in easy
care finishing baths containing 40 g/l of the adduct emulsion, 60 g/l of
DMDHEU and 6 g/l AS effectively upgrades the antibacterial properties
along with a slight reduction in the water repellency of treated fabric.

The TEM images of the prepared Ag or TiO, nano-particles show that the
particle size of these nano particles is less than 10 nm.

The SA/TDI/PEG1000 composites containing Ag-NPs or TiO,-NPs treated
fabric samples were characterized via investigating their SEM and EDX
images as well as TGA analysis.
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