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Abstract  

Zinc oxide nanoparticles with PVA were used as 

additives for improving the specifications of the 

Iraqi dyes produced in the Modern Paints 

Company )D-5800 SFFA, epoxy for the inside 

drinking water tanks, D-5547 A-9101, lead food 

epoxy D-5544SFA-12 and transparent food epoxy 

primer (G-5900) that suffer from poor adhesion, 

peeling ability and decreasing in biological activity 

after a period of time, as the following: 4g of PVA 

was dissolved in 100mL of deionized water (DI) 

using a magnetic stirrer for 1 hour at 60°C, 

followed by the addition of 0.6g of ZnO NPs with a 

stirrer for 1 hour at 60°C. The temperature of this 

solution was allowed to drop to room temperature. 

Other samples were also prepared in the same way, 

using ZnO and TiO2 in a 1:1 ratio. The included, 

the tests for adhesion ability, biological 

effectiveness and time-acceleration weathering of 

the coating were carried out. Experimental results 

on a gypsum (Bork) piece coated with nano-coating 

over a period of more than six months showed an 

increase in adhesion ability of over 160% for some 

samples, along with an increase in biological 

activity, such as (E. coli and ST aureuse). 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.84


Mohammad H. et al                           Iraqi Journal of Nanotechnology, synthesis and application 4 (2023) 104-112 

 

105 
©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.84 

 
 

Introduction 

Bacteria are usually found on and around surfaces in clinical and industrial settings. Microbial 

infection treatment and prevention in hospitals is of the utmost importance. Antimicrobial 

compounds are frequently applied to device surfaces to lower the risk of infection after 

implantation. Antibacterial agents can either be passive or active, depending on whether or not 

they are given locally. Passive coatings can be used to stop bacteria from sticking and even to 

kill them immediately upon contact. The most promising are metallic nanoparticles (NPs), which 

have a high surface area to volume ratio and excellent antibacterial characteristics. However, due 

to the emergence of safe strains, anti-toxins, and the evolution of microbial resistance to metallic 

particles, research interest is ebbing and flowing [1]. 

Nanomaterials are being employed more frequently in a variety of fields, such as energy 

generation, environmental applications, biomedicine, and biotechnology, and as a result, they are 

becoming more prevalent in consumer items. The key areas of investigation in the realm of 

nanomaterials, such as the synthesis of nanoparticles with customized properties and their 

assembly into usable devices and coatings, can be successfully applied using the core knowledge 

of combustion science and engineering [2]. 

Due to their remarkable physicochemical qualities, zinc oxide (ZnO NPs) is one of the most 

often utilized nanomaterials and may be found in a variety of goods, including sunscreen [3-6]. 

Gram-positive and Gram-negative bacteria, as well as spores, have both been proven to be 

resistant to ZnO NPs, making them potent antibacterial agents. In comparison to other 

nanoparticles, ZnO NPs have the following advantages: low toxicity, biological acceptability, 

bioactivity, and chemical stability [7]. ZnO NPs have extensive antibacterial action against a 

variety of pathogens, such as Escherichia coli, Staphylococcus aurous, Pseudomonas aeruginosa, 

Bacillus subtilis, and the M13 bacteriophage, among others [8, 9], thanks to these characteristics. 

Both in the classroom and the business, interest in nanocomposite materials has increased 

recently [10]. Polymeric materials can profit from the inclusion of a scarce nanoload due to their 

nanoscale dimensions, huge specific surface areas, quantum confinement effects, and powerful 

interfacial processes [11]. 

The acetate groups in polyvinyl acetate are either entirely or partially hydrolyzed away to 

produce polyvinyl alcohol (PVA), a linear synthetic polymer. When mixed with ZnO 

nanoparticles, PVA, a biodegradable polymer that dissolves in water, produces a nanocomposite 

that has improved electrical, mechanical, and optical properties. This biodegradable 

nanocomposite can take the place of plastic and other less-than-ideal food packaging materials. 

The degree of hydroxylation of PVA has an impact on its mechanical, chemical, and physical 

properties [12,13]. 

Nano-ZnO was added to PVA to increase its surface hydrophobicity, mechanical strength, and 

moisture and oxygen barrier qualities [14]. 

It is important to detach the coating sample from the substrate (borax) in order to assess the 

adhesive strength. A pull-off test is typically performed to assess an adhesive's tensile strength. 
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An increase in the intermolecular forces between the substrate (mainly borax) and the paint can 

be used to explain improvements in adhesive strength. A ZnO/PVA composition with low 

strength and the ability to be readily peeled off or removed once the coatings have dried was 

chosen by researchers after thorough investigation [15]. This paper's studies demonstrate the 

impact of ZnO/PVA nanocomposite additive in painting applications to improve biological 

efficiency against microbes, address the issue of weak adhesion strength of ZnO/PVA alone, and 

ensure biological efficiency continuity for a long time without being affected by weather factors. 

Properties of titanium dioxide nanoparticles (TiO2 NPs) include bactericidal photocatalytic 

activity, safety, and self-cleaning [16-18]. 

ZnO nanoparticles (NPs) may contribute to antibacterial activity by accumulating in the 

cytoplasm or outer membrane of bacterial cells, where they would cause Zn2+ release and cause 

the bacterial cells to die as a result of membrane disintegration, protein damage, and genomic 

instability [19–21]. 

Although it's not entirely apparent what the best toxicity regimen is and is yet debatable. 

However, studies and research indicate the method of eliminating germs by ZnO NPs, which 

necessitates research into the physics of these NPs' effects on bacteria. ZnO NPs directly adhere 

to cell walls and kill those cells by doing so [22], or Zn ions are released as antibodies [23], or 

oxygen ions are formed as specific and documented killing methods. Successful [24]. Below is 

an illustration of how highly reactive groups like OH-, H2O2, and O2-2 arise. In ZnO, there is an 

electron gap pair (e-, h+). H2O molecules in ZnO are split into OH and H+ molecules by an 

energy gap. As a result, free radicals are formed. 

ZnO + hV           e-  + h+ , h+ + H2O .OH + H+ e − +O2 →•O−2 ;  

O2 + H+ → HO2 • HO2 • +H+ +e− →H2O2 

In addition to the production of reactive oxygen species (ROS) during the interaction of metal 

oxide with bacteria, other mechanisms contribute to the bactericidal activity of ZnO 

nanoparticles. The amount of reactive oxygen species (ROS) produced is proportional to the ion 

release rates of the metal oxide used in the nanoparticle's synthesis [25,26]. 

TiO2's antimicrobial activity is commonly attributed to its ability to generate highly oxidizing 

reactive oxygen species (ROS) in the presence of oxygen (O2), ROS which then kill bacteria in a 

variety of ways [ 27,28]. 

Experimental Procedure 

To make the ZnO NPs, 4g of PVA was dissolved in 100mL of deionized water (DI) using a 

magnetic sterir (Magnetic sterilizer /IKA RH basic 2 Germany) for 1 hour at 60°C, followed by 

the addition of 0.6g of ZnO NPs with a stirrer for 1 hour at 60°C. The temperature of this 

solution was allowed to drop to room temperature. Other samples were also prepared in the same 

way, using ZnO and TiO2 in a 1:1 ratio, with the same weights listed above. Following this, 80 

mL of each paint type manufactured by Modern Paint Industries Company-Iraq were mixed with 

20 mL of the final solution as shown below. 
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1. Anti-parasitic oil food dye A-1008 

2. Hospital dye D-9058 

3. White Hospital Epoxy D-5800SFFA 

4. Epoxy to paint the inside of drinking water tanks D-5547A-91 

5. Gray Food Epoxy D-5544 SFA-12 

6. Food grade transparent epoxy primer G-5900. 

The modified paint was stirred for 5 min, then a piece of borax was painted in the mold of the 

cohesion and time-acceleration weathering devices, where it was rolled on three layers and left to 

dry, and then tests for the lasting adhesive tester / posi test AT-M USA, Accelerated weathering 

tester /model QUV/ Se USA and test of biological efficiency against (E.coli and ST aureuse)  

bacteria were carried out. 

Results and discussion 

Table (1) represents the adhesion force for coatings and epoxy which used to paint the walls and 

floors of the hospitals before and after adding ZnO NP’s blended with PVA polymer. These 

results were before weathering acceleration. 

Table (1) Adhesion force before and after adding ZnO/PVA 

Adhesion force after adding ZnO / 

PVA 

Adhesion force before adding ZnO 

/ PVA 

Coating 

134 93 A-1008 

124 134 G-5900 

95 62 D-5544SFA 

130 85 D-5547A-9101 

112 11 D-9058 

160 100 D-5800 

 

From table (1), one can conclude that the adhesion force was increased for samples (A-1008, D-

5544SFA, D-5547A-9101, D-9058, D-5800) with a ratio reach to (144%) for A-1008 paint while 

the adhesion force was increased with more than (10) doubles for hospitals’ paint (D-9058). This 

significant increasing in adhesion force after adding ZnO / PVA may be attributed to the polymer 

ability to increase to the correlation force between the paint’s molecules and the painted walls. 

Also, the polymer adding leads to forming new bonds between the original molecules of the 

paint, these bones were not existed before adding the polymer. Zinc oxide nanoparticles adding 

will play an important role in adhesion force increment, it will decreasing the inter-distances 

between the paint molecules and create new bonds within these molecules. On the other hand, 

ZnO NP’s will fill the holes and gaps that already found in the paint and between the paint and 

the floor or wall. 
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Table (2) represents the adhesion force for coatings and epoxy which used to paint the walls and 

floors of the hospitals before and after adding ZnO NPs blended with PVA polymer after the 

weathering acceleration (60oC and 61of humidity) with six months using the weather 

acceleration tester. 

C and 61 oTable (2) Adhesion force before and after adding ZnO / PVA with six months weathering acceleration 60

of humidity  

Adhesion force after adding ZnO / 

PVA 

Adhesion force before adding ZnO 

/ PVA 

Coating 

90 76 A-1008 

52 45 G-5900 

120 90 D-5544SFA 

118 76 D-5547A-9101 

142 113 D-9058 

58 42 D-5800 

 

From table (2), it is clear that the adhesion force for the samples after addition of nanocompsite 

were also higher than   for the samples without addition after six months of weathering 

acceleration about (16%-55%). This gives an indicate that the paint will be affected with very 

low ratio by the environmental (weather) conditions as a result due to forming new 

intermolecular strong bonds by adding ZnO / PVA to the original paint or epoxy. 

The biological efficiency of the samples has been obtained, for the all-control samples there 

weren’t any biological efficiency before additives of (ZnO&TiO2/PVA nanoparticle solution). 

Figures (1a, b) show the biological activities of paints with adding ZnO / PVA before and after 

time acceleration respectively on (E. coli and ST aureuse). While figure 2 show the biological 

efficiency of the sample (Anti-parasitic oil food dye A-1008) after adding ZnO/TiO2 with ratio 

1:1 ,it clear that the inhibition zone of this sample is about 10 mm  against  (E. coli)  

 

(a)  
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(b) 

Figure (1) a: Biological activities of the paints on the with adding ZnO / PVA before time acceleration (b) after time 

acceleration respectively 

 

Figure (2) Biological activities of the paints on the with adding ZnO-TiO2 / PVA  

Table 3 shows the biological efficiency of the painting before and after additive also its show the 

effect of nano additives on biological efficiency as a function of accelerated weathering tester, 
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it’s clear that it was efficient against gram negative E. coli and gram-positive S. aureus for two 

samples (Anti-parasitic oil food dye A-1008 and White Hospital Epoxy D-5800SFFA), this 

behavior of these dye and epoxy can be explained due to the mechanism of ZnO nanoparticles 

against bacteria  

Table (3) biological activities of the mentioned paints on (E.coli and ST aureuse). 

No. sample Code Biological eff. 

Before additive 

Biological 

eff. after 

additive 

Biological eff. 

after time 

acceleration  

1 A-1008       1 before time acceleration 

  

2 after time acceleration  

Not effective 

 

Not effective 

Effective 

 

Effective  

Effective 

 

Effective 

2 Hospital  dye D-9058 

   

 

3 before time acceleration 

  

4 after time acceleration 

Not effective 

 

Not effective 

Not 

effective 

 

Not 

effective 

Not effective 

 

Not effective 

3 Epoxy to paint the 

inside of drinking 

water tanks D-5547A-

91 

 

5 before time acceleration 

  

6 after time acceleration 

Not effective 

 

Not effective 

Not 

effective 

 

Not 

effective 

Not effective 

 

Not effective 

4 Gray Food Epoxy D-

5544 SFA-12 

 

7 before time acceleration 

  

8 after time acceleration 

Not effective 

 

Not effective 

Not 

effective 

 

Not 

effective 

Not effective 

 

Not effective 

5 Food grade 

transparent epoxy 

primer G-5900. 

 

9 before time acceleration 

  

10 after time acceleration 

Not effective 

 

Not effective 

Not 

effective 

 

Not 

effective 

Not effective 

 

Not effective 

6 White Hospital Epoxy 

D-5800SFFA 

 

11 before time 

acceleration 

  

12 after time acceleration 

Not effective 

 

Not effective 

Not 

effective 

 

Effective 

Not effective 

 

Effective 

 

 

Conclusions 

ZnO/PVA nanoparticles can be used as additives for improving the specifications of some Iraqi 

dyes produced in the Modern Paints Company such as (Anti-parasitic oil food dye A-1008 and 

White Hospital Epoxy D-5800SFFA), to improve its biological efficiency against gram negative 

E. coli and gram-positive S. aureus.  Furthermore, this additive shows high adhesive force for all 

samples that were used. Also, ZnO: TiO2 additives have also a biological efficiency for Iraqi 

dyes (Anti-parasitic oil food dye A-1008) against gram negative E. coli.  
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