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Abstract 

In this work, compounds that may be utilized as multifunctional binding materials were developed with the goal of enhancing 

both the functional and color qualities of the printed apparel without requiring the application of extra pre-treatments or 

finishing techniques. Accordingly, two water-borne polyurethane acrylates (PUA), with an aliphatic and an aromatic 

isocyanate base, were utilized for the in-situ synthesis of zinc oxide (ZnO) nanoparticles via a facile and green route. Next, the 

fabricated PUA/ZnO nanocomposite frameworks were employed as dual-function binders in the pigment printing of blend 

fabrics (cotton/polyester and wool/polyester). By using UV-visible, FTIR and TEM tools, it was possible to verify that the 

produced nanocomposites had successfully formed polymer/metal oxide NP frameworks. The fabricated PUA/ZnO 

nanocomposite suspensions and printed blend fabrics demonstrated considerable antimicrobial activity against gram-positive 

and gram-negative bacteria. Additionally, the color strength and fastness properties of printed blend fabrics using the prepared 

binders were improved, particularly for cotton/polyester blends. Also, a significant enhancement in ultraviolet protection 

activity within nanocomposite-printed textiles was observed. 

 

Keywords: Textile binder; Polyurethane acrylate; Zinc Oxide (ZnO) NPs; Pigment printing; Blend fabrics; UV blocking; Antimicrobial 

activity. 

 

1. Introduction  

Polyurethanes (PUs) are major thermoset and 

thermoplastic polymeric material family. Different 

polyol and polyisocyanate formulations can be 

employed to control and adjust their behavior. The 

urethane bond (HN-COO) can be generated through 

the interaction of one reactant's isocyanate group with 

the alcohol group of different components. Polymers 

with a significant number of urethane linkages are 

referred to as PUs, regardless of their molecular 

structure [1–5]. They are utilized in a wide range of 

industries, including the furniture and insulation 

industries, where flexible and rigid foam are used. In 

addition to their application in sealants, elastomers, 

and coatings, thermoplastic PUs are also commonly 

utilized in footwear and medical devices [4, 6, 7]. 

Since they minimize volatile organic emissions, 

water-borne polymer emulsions such as polyurethane 

aqueous dispersions are an important class of 

polymer materials, particularly in coating and paint 

applications. They are expected to perform basically 

as well as conventional solvent-borne systems [6]. 

Growing interest in and quick development of green 

and clean UV-curable polyurethane acrylate 

oligomers have occurred in light of acrylic's 

outstanding outdoor durability in addition to its fast 

curing rate and polyurethane's adaptable features such 

as impact strength, abrasion resistance, flexibility (at 
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low temperatures), controllable transparency, and 

hardness. However, there are only a few reports on 

the preparation and use of multifunctional, eco-

friendly polyurethane binders for textile finishing 

applications [8, 9].  

In recent times, the use of hybrid materials in the 

form of nanostructures that combine the advantages 

of organic and inorganic materials has received a lot 

of attention [10]. By incorporating nano-sized 

inorganic particles into an organic matrix, 

nanocomposites with exceptional mechanical and 

electrical properties can be developed [11]. 

Impregnating functional additives into PUs, such as 

CNT, clay, metal oxides (ZnO, TiO2, CuO, and 

CeO2), graphene, and hydroxyapatite, is the most 

commonly used method for improving the 

mechanical properties and thermal stability of PUs 

and expanding their potential applications [12–14]. 

Zinc oxide is a non-toxic, antibacterial, UV-

shielding metal with antimicrobial and outstanding 

optical characteristics. The three main benefits of 

ZnO are its non-toxicity, lack of harmful effects on 

human cells, and low cost [12, 13, 15, 16]. These 

properties have led to its widespread use in polymer 

composites, antimicrobials, cosmetics, and optical 

devices [17]. Recently, environmentally friendly 

preparation of metal or metal oxide nanoparticles 

using a green approach has gained a lot of interest. 

Many adverse effects from chemical and physical 

processes can be avoided by using algae, plants, 

bacteria, actinomycetes, and fungi in the green 

synthesis of NPs, which results in the NPs being 

generated spontaneously under safe conditions of pH, 

temperature, and pressure without the need for 

hazardous or toxic ingredients or the addition of 

external capping, reducing, or stabilizing agents [16, 

18, 19]. 

One of the growing human health issues is the UV 

protection of textiles. UV exposure can result in early 

skin ageing, and sun damage symptoms include liver 

spots, leathery skin, solar elastosis, and wrinkles. 

Moreover, exposure to UV radiation can result in 

corneal burns or inflammation, both of which can 

impair eyesight [15]. Due to its high excited binding 

energy (60 meV) and wide bandgap energy (3.37 

eV), ZnO exhibits exceptional blocking activity 

against harmful UV rays [20].  

The present work was carried out with the 

following objectives: in-situ synthesis of 

polyurethane acrylate oligomers (based on both 

aliphatic and aromatic isocyanate routes) and zinc 

oxide NPs frameworks, and their utilization as 

multifunction aqueous binders (binding agents with 

antimicrobial behavior and ultraviolet blocking 

activity) for printed cotton/polyester and 

wool/polyester blend fabrics using pigment color. 

 

2. Experimental  

 

2.1. Chemicals  

Polypropylene glycol (PPG) (2000g/mol) was 

supplied by Fluka Chemical [Co. Switzerland)], 

Germany. Hydroxyl propyl methacrylate (HPMA) 

was supplied by Degussa, Germany. N, N-

dimethylformamide (DMF) from ACROS Chemical 

Co. All chemicals were oven dried before being used. 

Dibutyltin dilaurate (DBTDL), isophorone 

diisocyanate (IPDI), toluene diisocyanate (TDI), and 

sorbitol were supplied by across Chemical Co, used 

as received. Zinc acetate LR was supplied by 

S.D.Fine-Chem LTD. Ammonium persulfate, as 

thermal initiator, was purchased from Merck-

Germany. Bercolin CPK was supplied by Berssa-

Turkey, as thickening agents. Bercolin metal CM as 

commercial binder was supplied by Berssa, Turkey. 

Cotton/polyester blend (CO/PET) fabric (50/50 %, 

135 g/m
2
) was provided by Misr Company for 

Spinning and Weaving, Mehalla El – Kubra, Egypt. 

Wool/polyester (W/PET) fabric (50/50) of 146 g/m
2
 

purchased from Goldentex Company. M.D yellow 2G 

pigment was supplied by Daico for the chemical 

industry, Cairo, Egypt. All chemicals utilized in this 

work are of analytical grade and used as received 

without further purifications. 

 

2.2. Synthesis of Polyurethane Acrylate/Zinc Oxide 

NPs Framework 

According to the modified approach previously 

reported [21], the reaction of polypropylene glycol 

with isophorone diisocyanate was carried out as 

follows: 

Under a nitrogen atmosphere and a heated oil 

bath, a specified amount of polypropylene glycol 

(PPG) (2000 g/mol) and sorbitol were added in DMF 

(solvent) into a three-necked flask fitted with a 

stirrer, thermometer, and reflux condenser. To ensure 

that the reaction mixture was thoroughly mixed, the 

reactant was left at 40 °C for about an hour. Over a 

period of more than an hour, a calculated amount of 

IPDI and/or TDI containing 0.05 (w/w) DBTDL as 

catalyst was gradually added to the reaction mixture 

at 40°C in the case of IPDI and 30 °C in the case of 

TDI. 

To achieve a satisfactory reaction rate without 

gelation, the mixture was agitated for an additional 

two hours at 60 °C. The mixture was allowed to react 

until the theoretical NCO content was achieved (the 
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end point at this stage was detected using a standard 

dibutylamine back-titration method) [22].  

Once more, the reaction temperature was 

decreased to 45–50 °C. Over the course of an hour, a 

calculated amount of hydroxypropyl methacrylate 

(HPMA) was gradually added to the reaction mixture. 

The reaction was allowed to continue with no further 

temperature change for two hours of vigorous stirring 

after the addition of the HPMA. To prevent the 

potential for excessive heat crosslinking on 

unsaturated system sites, a lower reaction 

temperature was recommended. During this phase of 

the reaction, there was a noticeable shift in the 

viscosity of the reaction mixture. The PUA formed 

was a viscous, clear liquid; simply adding HPMA 

reduced its viscosity dramatically. After a few 

minutes of addition, the viscosity of the reactants 

begins to rise once more. As a result, at the end of the 

reaction, a thick, viscous liquid was formed.    

In 50 mL of distilled water, 10 mL of the 

generated PUA is neutralized. Under vigorous 

stirring, the neutralized solution's temperature was 

raised to 50 °C for 30 minutes. The resulting solution 

was subsequently filtered. The filter solution was 

then added to 10 mL of 0.1 mol zinc acetate 

dihydrate, Zn (CH3COO)2.2H2O, and stirred for an 

hour at 70–80 °C under alkaline conditions (pH 11) 

that were gradually adjusted by adding 0.1 mol 

NaOH. The emulsions were miniemulsified via 

ultrasonication in an ice bath for 6 minutes. To avoid 

any potential photoreaction, PUA and ZnO 

dispersions have been stored in a black bottle. 

 

2.3. Printing of Textile Fabric  

In fabric printing, the pigment paste formula 

contains 50 g/L pigment, 100 g/L binder 

(commercial) or 10 g/L for papered PUA/ZnO, 40 

g/L thickener, 10 g/L ammonium persulfate, and Y 

distilled water. The printing paste was prepared 

according to the earlier formula, homogenized, and 

then applied to the fabric surfaces using the flat silk-

screen printing process. The printed textiles were 

thermally fixed in an automated thermal oven 

(Wemer Mathis Co., Switzerland) at 160°C for 5 

minutes. Following fixation, the printed fabrics were 

washed with cold water, hot water, and cold water, 

successively, to remove excess thickener and 

unreacted materials.  

 

2.4. Characterization 

The materials' FTIR spectra were recorded using a 

JASCO FT-IR 6100 spectrometer (Tokyo, Japan). 

Transmission measurements were taken between 400 

and 4000 cm
-1

, with 60 scans and a resolution of 4 

cm-1. The JASCO V-730 UV-visible/NIR double-

beam spectrophotometer, Tokyo, Japan, was used to 

perform UV-Vis spectrophotometer measurements. 

Transmission electron micrographs of nanocomposite 

polymers were obtained using a high-resolution 

JEOL JEM-2100 Transmission Electron Microscope 

(Japan). Color strength (K/S) and color parameters L 

(representing darkness to lightness), a (representing 

greenness to redness), and b (representing blueness to 

yellowness) of printed fabrics were assessed using 

the Mini Scan TM XE Hunter-Lab Universal 

Software, which is based on the Kubelka Munk 

equation,‎K∕S‎ =‎ (1‎ - R)2∕2R,‎ ‎Where‎K‎ denotes‎ the‎

absorption coefficient, S denotes the scattering 

coefficient, and R denotes the fraction of light 

reflected at a wavelength of minimum-maximum 

absorbance. The ultraviolet protection factor (UPF) 

was estimated using an AATCC Test Method 

183:2010-UPF using a UV-Shimadzu 3101-PC-

Spectrophotometer (UPF >50 indicates strong UV 

protection). Fastness to washing was measured 

according to launder-metre AATCC Test Method 61-

2013. The fastness to light, rubbing, and perspiration 

measurements were done according to the standard 

methods of AATCC 1993a, 1993b, and 1993c, 

respectively. Electron Dispersion Emission X-ray 

(EDX): Elemental analysis of printed fabrics by both 

prepared binders was recorded by energy-dispersive 

X-ray spectroscopy (EDX) using a Quanta FEG-250 

microscope at a voltage of 10 kV. 

 

2.5. Antibacterial test 

The fabricated PUA/ZnO nanocomposites 

suspensions and printed fabrics were quantified for 

antimicrobial activity against different microbial 

species: gram-positive bacteria [Bacillus subtilis 

(ATCC 6633) and Staphylococcus aureus (NRRLB-

767)], gram-negative bacteria [Escherichia coli 

(ATCC 25922) and Pseudomonas aeruginosa (ATCC 

10145)], yeast [Candida albicans (ATCC 10231)], 

and fungus [Aspergillus niger (NRRLA-326)]. 

Quantitative tests were performed using liquid media 

(LB Broth). All tubes (5 mL) of nutrient broth were 

inoculated with 50 µl of bacterial culture and 

assessed for antimicrobial activity by adding samples, 

then incubated in a shaking incubator at 37 °C for 24 

h. Microbial growth was measured at 620 nm, and the 

results were expressed as a growth inhibition 

percentage [23]. All the results were expressed as 

averages of at least three tests. 

  

3. Results and discussion 

 

3.1. Synthesis and characterization of 

polyurethane acrylate zinc oxide 

(PUA/ZnO) NPs frameworks   
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Typically, polyether or polyester polyol, when 

reacting with isocyante compounds in the presence of 

a catalyst and chain extender, generates 

polyurethanes, which are subsequently further capped 

with an acrylate terminal hydroxyl compound. Under 

carefully controlled conditions and catalyst dose, one 

or two hydroxyl groups from PPG and/or sorbitol 

interact with the primary isocyanate group of 

isocyanate compounds to generate an isocyanate-

terminated polyurethane pre-polymer, leaving the 

remaining isocyanate group unreacted for a 

subsequent reaction with HPMA to generate 

unsaturation sites on the polyurethane prepolymer 

ends to form polyurethane acrylate. Sorbitol, a bio-

based compound, could be used as a chain extender 

to enhance the ability of cross-linking and hydrogen 

bond formation in acrylated urethanes. This 

eventually results in a pre-polymer with a higher 

molecular weight and better flexibility, which is 

subsequently capped by the HPMA monomer. 

Having the same functionality, polyurethane acrylates 

generated from aliphatic isocyanates (A), such as 

IPDI, are much more flexible pre-polymers than 

aromatic-based ones (R) [21, 22]. The key advantage 

of aliphatic polyurethane acrylate (A) is that it is 

basically non-yellowing and can therefore be 

employed to produce long-lasting coatings on white 

or light-colored materials. However, the aromatic 

base PUA(R) is less expensive and offers enhanced 

UV shielding properties, favoring its outdoor 

application [6, 21].  

The function groups that characterize the 

formation of polyurethane acrylate as PUA(A) and 

PUA(R) were evidenced through FTIR spectra, as 

illustrated in Figure 1a and 1b, respectively, by the 

emergence of bands at around 843 and 830 cm
-1

 

corresponding‎to‎ν:‎-C-H. Bands appeared at 955 and 

940 cm
-1

 are‎ for‎ δ:‎ =C-H. Also, strong absorption 

bands characteristic of st C-O-C were noticed at 

around 1104 and 1153 cm
-1

. The bands at 1343 and 

1344 cm
-1

 could be assigned to st-C-N.‎The‎ δ:‎CH2 

band was located at 1466 and 1468 cm
-1

. The bands 

at 1547, 1549 cm
-1

 corresponded‎to‎δ:‎N-H, while the 

bands at 1713 and 1733 cm
-1

 corresponded to st C=O 

[24]. st C=C located at 1935 and 1966 cm
-1

, appeared 

as three bands in a conjugated double bond of an 

aromatic ring and as two bands in the case of an 

alicyclic ring. st-CH2, CH3, and CH are located at 

around 2882 and 2884 cm
-1

. Bands at 3335 and 3470 

cm
-1

 were attributed to st N-H and unbonded OH 

groups [17, 21, 25, 26].  

It is clear from the spectra in Figure 1 that no 

absorption band was observed at approximately 2270 

cm
-1

, which corresponds to the N=C=O group. This 

indicates that the entire amount of either IPDI or TDI 

was consumed during the reaction, and the fact that 

the final product is free from isocyanates indicates 

the success of the addition polymerization process 

and the formation of polyurethane acrylate (PUA) 

[13, 27].  

The in-situ fabrication of ZnO NPs in aqueous 

dispersion of waterborne polyurethane acrylate was 

done through hydroxyl and urethane groups, which 

were utilized as reducing and stabilizing agents for 

ZnO NPs. The polymeric material may be physically 

adsorbed into the layer of ZnO through solution, 

where it also serves as a steric stabilizer as well as 

helping hydrophobize ZnO particles. Moreover, the 

acrylate moiety in the PUA within the ZnO surface 

could participate in the photo-polymerization of PUA 

and form covalent links with the polymer matrix [17]. 

FTIR spectroscopy was also employed to monitor 

the successful fabrication of PUA/ZnO NPs 

composites both PUA (A) and (R)/ZnO (Figure 1). 

When compared with the neat PUA spectrum, peaks 

in the spectra of both PUA (A) and (R)/ZnO showed 

noticeable shifts and changes as a result of the 

interaction between PUAs and ZnO particles [28].  It 

is evident from the spectra that -OH has formed on 

the surface of ZnO through the formation of a broad 

band in the ranges from 3644 to 3023 cm
-1

 and 3631 

to 3071 cm
-1

 of PUA(A)/ZnO and PUA(R)/ZnO, 

respectively [28]. The presence of  spectra peaks at 

490, and 792 cm
-1

 in the PUA(A)/ZnO and 470, and  

798 cm
-1

 in the PUA(R)/ZnO confirmed the 

formation‎of‎the‎νZn-O moiety in far infrared region 

[13, 16, 28]. Additionally, there is a considerable –

NH- deformation vibration of fabricated ZnO 

nanocomposites at 1544 cm
-1

 for PUA (A)/ZnO and 

1540 cm
-1

 for PUA (R)/ZnO [28]. As a result, the 

FTIR spectra clearly demonstrates the successful 

incorporation of ZnO NPs in the fabricated 

composites [10, 29]. 

Ultraviolet (UV) spectroscopy is one of the most 

commonly used approaches for evaluating the 

structural properties of metal nanoparticles. The 

spectra of these nanoparticles exhibit strong 

absorption bands in contrast to the bulk metal or 

metal oxide [30]. PUA/ZnO NPs' UV-visible spectra 

were recorded between the wavelengths of 200 and 

800 nm. The UV-visible absorption spectra of 

PUA(A)/ZnO and PUA(R)/ZnO NPs are displayed in 

Figure 2. With maximum peaks at 260 and 376 nm 

characteristic of the surface plasmon resonance of 

ZnO NPs, this is another clue to the successful 

formation of nanocomposites. The difference in the 

maxima wavelength between the two PUA (A)/ZnO 

and PUA (R)/ZnO could be related to their different 
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particle size distribution [31]. Zinc oxide exhibits a 

dramatic increase in absorbance below 380 nm. With 

decreasing particle size, there is both a decrease in 

absorbance and a blue shift in the curves to lower 

wavelengths because of the excitations' quantum 

confinement [32–34]. 
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Figure 1. FTIR spectra of (a) PUA(A), PUA(A)/ZnO, and 

(b) PUA(R), PUA(R)/ZnO nanocomposite. 

 

Figure 3 displays TEM images of PUA(A)/ZnO 

and PUA(R)/ZnO NPs. The images demonstrate that 

the particles' sizes ranged from 20 to 38nm. The high 

surface energy of ZnO NPs, which causes 

aggregation under the influence of the aqueous 

fabrication medium, may be the explanation of the 

aggregation and narrow size dispersion distribution of 

PUA(A)/ZnO (Figure 3a) [35, 36]. On the other hand, 

PUA(R)/ZnO nanocomposite is typically spherical 

(Figure 3b). As a result, compared to PUA(A)/ZnO 

from TEM images, the PUA(R)/ZnO nanocomposite 

is more isolated and homogeneous. It was reported 

that the degree of compatibility between the polymer 

layer that's adsorbed on the ZnO particle surface and 

the specific polymer matrix would be a major factor 

in an inorganic nanoparticle's ability to disperse in a 

polymer matrix [17]. 

ZnO NPs are now classified as broad-spectrum 

antibacterial agents. As a result, ZnO NP applications 

have expanded beyond traditional boundaries into 

new areas of interest like fabrics, medicine, and 

cosmetics. Thus, while PUA(A)/ZnO exerts 

antimicrobial effectiveness against Bacillus subtilis 

and Pseudomonas aeruginosa, PUA(R)/ZnO acts as 

an active antimicrobial agent against Bacillus subtilis, 

Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa, and Aspergillus niger. In 

light of this, the suspensions of nanocomposites 

created for this investigation revealed divergent 

bactericide efficacy among the tested microbes 

(Table 1). Each PUA/ZnO nanocomposite's 

antibacterial activity in the test varied in its 

effectiveness due to variations in the electrostatic 

interaction between the functional groups of PUA (A 

and R) and ZnO NPs, which is dependent on the 

structure, charge, and chemical composition of the 

polymer. 

 

250 300 350 400 450 500

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

350 375 400 425 450 475 500

1.5

2.0

2.5

3.0

3.5

4.0

(b)

A
b

s.
 (

a
.u

)

Wavelength (nm)

PAU(A)/ZnO

(a)

A
b

s.
 (

a
.u

)

Wavelength (nm)

PAU(R)/ZnO

Figure 2. UV-visible spectra and photographic image 

of (a) PUA(A)/ZnO NPs and (b) PUA(R)/ZnO NPs. 
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Figure 3. TEM images of (a) PUA(A)/ZnO NPs and (b) PUA(R)/ZnO NPs. 

 
Table 1. Antibacterial activity of PUA/ZnO nanocomposites suspensions. 

Sample Bacillus 

Subtilis 

Staphylococcus 

aureus 

Escherichia 

coli 

Pseudomonas 

aeruginosa 

Candida 

albicans 

Aspergillus 

Niger 

PUA(A)/ZnO 27.04 ± 0.74 - ve -ve 51.24 ± 0.62 - ve - ve 

PUA(R)/ZnO 26.87 ± 0.54 44.72 ± 0.71 32.65 ± 0. 67.19 ± 0.59 - ve 50.77 ± 0.44 

Ciprofloxacin  96.01 ± 0.24 97.24 ± 0.31 98.07 ± 0.28 98.10 ± 0.25 -ve -ve 

Nystatin -ve -ve -ve -ve 97.16 ± 0.34 98.23 ± 0.37 

 
 

 

3.2. Application of papered composites as 

binders in pigment printing of 

polyester/cotton and polyester/wool blend 

textile fabrics 

Pigment fixation on textiles requires a binding 

agent that, under fixing or curing conditions, 

develops into a continuous film that traps the colorant 

particles inside. In this regard, polymers or, more 

preferably, copolymers of unsaturated monomers 

such as acrylonitrile, butadiene, styrene, ethyl 

acrylate, and vinyl acetate can serve well as binding 

agents. Since the properties of the binding agent are 

related to all of the fastening behaviors of printed 

garments, the overall properties of the binding agents 

should be improved to improve the overall 

performance of the textile-pigmented products [21, 

37]. The curing process can be carried out 

appropriately, depending on the available curing 

source and the material that needs to be treated. 

Considering that the generated binder contains 

several functional groups that respond differently 

through the curing process, such as acrylate groups 

that can be radially cured by UV rays as well as 

hydroxyl groups that can be thermally cured, as a 

dual-curing waterborne binder, this is regarded as an 

excellent added value to the prepared PUA/ZnO 

composites [25, 38, 39].  

To demonstrate the curing mechanism of a water-

based dual-cure urethane-acrylate, the following steps 

might possibly occur: The dried ZNO/PUA particles 

were either cured in the presence of peroxide 

(thermal initiator) or by short-term UV irradiation 

under the influence of a photo-initiator. Following a 

short period of heating, water was released. Heat 

promotes the thermal breakdown of peroxide, 

resulting in free radicals capable of initiating both 

polymerization and oxidation of the double bonds of 

terminal acrylate groups. As a result, the acrylate 

double bonds are broken, forming a cross-linked 

layer that fixes the pigment inside Figure 4 [25].  

The color depth (K/S) and color parameter values 

of cotton/polyester (CO/PET) and wool/polyester 

(W/PET) fabrics with pigment printing are shown in 

Table 2 using commercial binder at a standard 

concentration of 100 g/L and synthesized PUA/ZnO 

NPs nanocomposites at a concentration of 10 g/L. In 

accordance with the results, all printed textiles using 

printing paste, including synthesized aromatic and 
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Figure 4.  Thermal curing mechanism of PUA/ZnO. 

Table 2. K/S, color parameters, and UPF values of printed fabrics. 

Sample  K/S  λ=480nm L a b UPF 

CO/PETC 0.77 68.74 10.92 10.12 98.0 

CO/PETPUA(A)/ZnO 1.00 64.42 10.30 8.84 196.5 

CO/PETPUA(R)/ZnO 1.14 63.72 14.59 9.67 298.4 

W/PETC 1.06 62.44 7.94 7.52 45.7 

W/PETPUA(A)/ZnO 1.23 60.19 7.48 7.37 154.1 

W/PETPUA(R)/ZnO 1.10 65.08 11.87 10.17 192.9 

 

aliphatic bases and polyurethane/ZnO composites, 

appeared to have improved color depth when 

compared to fabrics printed using commercial binder. 

The ability of urethane groups to develop 

intermolecular hydrogen bonds improved the binding 

strength of PUA/ZnO. Moreover, the ether, urea, and 

urethane groups (electronegative elements) interacted 

with the ZnO's surface hydroxyl group to create a 

strong binding that increased the adhesive power and 

crosslinking density of the formed film [12, 40]. 

According to the data obtained from evaluating 

color parameters, i.e., from L, unlike samples printed 

with the commercial binder, almost all printed fabrics 

with PUA/ZnO nanocomposites exhibited a darker 

color shift (higher color depth). However, even 

According to the data obtained from evaluating color 

parameters, i.e., from L, unlike samples printed with 

the commercial binder, almost all printed fabrics with 

PUA/ZnO nanocomposites exhibited a darker color 

shift (higher color depth). However, even though all 

printed samples exhibited a yellow shift, samples 

with PUA/ZnO, except for the W/PETPUA(R)/ZnO, 

displayed the ideal yellow shift. 

Table 2 also highlighted the UPF ratings of printed 

fabrics. Many prior investigations stated that specific 

metal oxide NPs might scatter UV light at 

wavelengths between 200 and 400 nm due to their 

small size (between 20 and 40 nm) and large surface 

area. Further, NPs reach their UV scattering 

maximum when NP sizes a tenth of the scattering 

wavelength [41, 42].  Both printed CO/PETC and 

W/PETC fabrics demonstrated high UV blocking 

activity, which may be related to the fabric structure 

independent of the coating material. This may be due 

to the polyester element's aromatic units' better UV 

absorptivity [11, 35, 36]. 
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Figure 5. EDX graphs of CO/PETPUA(A)/ZnO (a), CO/PETPUA(R)/ZnO (b), W/PETPUA(A)/ZnO (c), and 

W/PETPUA(R)/ZnO (d) printed fabrics. 

Table 3. Fastness properties of printed fabrics. 

Perspiration 
Washing fastness Rubbing 

 

   Fabric  Alkaline Acidic 

Alt.2 St.1 Alt.2 St.1 Alt.2 St.1 Wet Dry 

4-5 4-5 4-5 4-5 4 3 2-3 2-3 CO/PETC 

4-5 4-5 4-5 4-5 4 3-4 3 3-4 CO/PETPUA(A)/ZnO 

4-5 4-5 4-5 4-5 4 4 3 3-4 CO/PETPUA(R)/ZnO 

4-5 4-5 4-5 4-5 4 3 2-3 2-3 W/PETC 

4-5 4-5 4-5 4-5 4 3-4 3 3 W/PETPUA(A)/ZnO 

4-5 4-5 4-5 4-5 4 3-4 3 3 W/PETPUA(R)/ZnO 

St.1=Staining; Alt.2=Alteration. 

 

 

The results revealed that utilizing of synthesized 

PUA/ZnO as binding agents in pigment printing of 

blend fabrics have a significant positive influence on 

the ability of printed fabrics to shield UV rays, 

potentially reducing the detrimental effects of 

daylight UV rays on the human body. This may due 

to the dual effect of both ZnO NPs and C=C double 

bonds of PUA acrylate part of PUA/ZnO [35, 36, 43–

45]. 

In general, the blocking activity of printed fabrics 

was significantly improved by appling synthesized 

PUA/ZnO as binders. the higher reactivity of 

aromatic ring related to the delocalization of electron 

pair over aromatic ring structure in PUA(R)/ZnO, 

which may also provide extra blocking activity side 

by side with ZnO, may be the reason why higher 

enhancement in blocking activity was observed with 

the PUA(R)/ZnO printed samples compared with 

PUA(A)/ZnO prints [43, 45, 46]. 

When compared to CO/PETc, the UV blocking 

activity of printed CO/PETPUA(A)/ZnO and 

CO/PETPUA(R)/ZnO textiles was significantly enhanced. 

As previously demonstrated, greater enhancement 

was observed with the CO/PETPUA(R)/ZnO printed 

sample. Additionally, PUA(A)/ZnO and 

PUA(R)/ZnO printed W/PET fabrics showed 
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Figure 6. Schematic representation of how the blend fabric printed with prepared nanocomposite binders 

performed. 

Table 4. Antibacterial activity of printed fabrics. 

Fabric 

Antimicrobial activity (%) 

Bacillus subtilis Staphylococcus aureus Escherichia coli 

 

Pseudomonas aeruginosa 

CO/PETC 0 0 0 0 

CO/PETPUA(A)/ZnO 29.09±0.21 0 23.94±0.69 28.69±0.11 

CO/PETPUA(R)/ZnO 24.69±0.81 0 18.61±0.74 71.75±0.55 

W/PETC 0 0 0 0 

W/PETPUA(A)/ZnO 29.89±0.20 53.49±3.86 12.75±0.59 40.91±0.09 

W/PETPUA(R)/ZnO 0 0 33.58±0.78 48.23±0.20 

 

noticeably improved UV shielding performance in a 

pattern similar to CO/PET fabric, although to a lesser 

extent. 

The EXD analysis of printed fabrics by prepared 

binder nanocomposites is shown in Figure 5. ZnO 

NPs were found during the EDX screening of the 

fabrics printed with paste containing PUA/ZnO 

nanocomposites. Compared to the printed W/PET, 

the printed CO/PET fabrics displayed a higher 

percentage of ZnO NPs. Moreover, the fabric printed 

with PUA(A)/ZnO seemed to have a higher ZnO 

percentage than the fabric printed with PUA(R)/ZnO. 

According to the results in Table 3, the dry and 

wet rubbing fastness of all printed fabrics printed by 

PUA/ZnO binders exhibited some improvement 

when compared to printed fabrics produced by 

commercial binder. It is well established that a 

polymer or copolymer's ability to resist rub and how 

well it holds up during washing determines how 

effective it will be as a binding material and how well 

it will perform in printing processes estimating its 

quality. Consequently, this improvement in dry and 

wet rubbing fastness may be due to the prepared 

composite's ability to form a strong, regular, 

cohesive, and cross-linked film that resists the effect 

of friction and external scratch forces and reduces the 

release or exit of the color trapped inside. 

Furthermore, printed fabrics performed well in 

terms of washing and perspiration fastness, and the 

binding power of both synthesized binders appeared 

to be comparable to that of commercial binders. 

 

3.3. Antibacterial activity of printed fabrics  

The viable cell colony count was used for the 

quantitative test on printed fabric (Table 4). The 

fabric printed with PUA(A)/ZnO and PUA(R)/ZnO 
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have displayed variable antibacterial activity against 

Gram-negative bacteria: Escherichia coli and 

Pseudomonas aeruginosa and Gram-positive bacteria 

Bacillus subtilis and Staphylococcus aureus. In 

comparison to CO/PET unprinted fabric, the CO/PET 

fabric printed with PUA(A)/ZnO and PUA(R)/ZnO 

exerted antibacterial behavior against Bacillus 

subtilis, Escherichia coli, and Pseudomonas 

aeruginosa. On the other hand, unlike the W/PET 

control fabric, the W/PET printed with PUA(A)/ZnO 

displays antibacterial efficiency against the four 

tested bacterial species, whereas those treated with 

PUA(R)/ZnO show antibacterial activity against only 

the gram-negative bacteria Escherichia coli and 

Pseudomonas aeruginosa. The results show that the 

efficacy of printed fabrics to prevent bacterial 

development differs depending on the 

microorganisms’‎ species‎ and‎ fabric‎ structure.‎ ZnO‎

NPs work against bacteria by releasing metal ions 

that enter the cell membranes and interfere with 

functional groups in proteins and nucleic acids. This 

prevents the enzymes from working as intended by 

preventing the metal ions' ability to penetrate the 

bacterial cell membranes. Thus, the modification of 

the cell structure will eventually result in the 

suppression of microbes [47, 48]. ZnO NPs may also 

exert their effects through the release of the active 

form of oxygen, which triggers electrostatic binding 

and changes DNA or enzyme pathways as well as the 

prokaryotic cell wall [49, 50]. Due to the 

mitochondrial, DNA, and membrane deterioration 

caused by this oxidative stress, bacteria die [51, 52]. 

In light of this, it is possible that the production of 

H2O2 on the surface of ZnO NPs, as suggested by 

numerous researchers, has the greatest effect on 

preventing bacterial growth. Finally, the performance 

of the fabricated nanocomposite binders can be 

schematically represented in Figure 6. 

 

4. Conclusions  

In this investigation, two water-borne 

polyurethane acrylates have been developed by the 

polyaddition reaction of polypropylene glycol, two 

isocyanate routes (isophorone diisocyanate and 

toluene diisocyanate), and the polymer chain 

extended by naturally occurring sorbitol, which is 

further caped by hydroxyl propyl methacrylate in the 

presence of DBTDL as catalyst. The prepared pre-

polymers were utilized as reducing routes for facile 

fabrication of PUA/ZnO nanocomposites. FTIR 

scanning was employed to monitor the formation of 

PUA/ZnO nanocomposites. The approach highlighted 

the spectra changes that occurred throughout the 

development of both composites and displayed the 

distinctive peaks, which confirmed the successful 

fabrication of PUA/ZnO. The characteristic 

absorption peaks of ZnO NPs were recorded by a UV 

spectrophotometer. Spherical particles with nano-

sized dimensions of PUA/ZnO nanocomposites were 

captured by TEM microscopy. Depending on the 

properties of the prepared nanocomposites and the 

nature of their functional groups, they were applied 

as multifunctional binding agents in printing blended 

fabrics with pigment colors. The two prepared 

PUA/ZnO were successfully used as binder, 

displaying improvements in color intensity and 

enhanced fastness properties. Additionally, printed 

fabrics have excellent potential to shield against the 

harmful impacts of ultraviolet light. 

According to the antibacterial results of printed 

fabric, the fabric printed using the two PUA/ZnO 

nanocomposites had considerable antimicrobial 

behavior towards both Gram-positive and Gram-

negative bacteria. This could be deemed an essential 

added benefit to the fabricated nanocomposite 

binders.  In conclusion, these binders were developed 

to work as high-performance bonding agents that 

enhance the color properties of printed fabric while 

simultaneously providing printed goods with 

additional properties that increase the print's value 

and optimize its performance. In the current study, 

this was achieved in a single, straightforward process 

without requiring further treatments or finishing 

steps, providing a very high economic and 

environmental value. 
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