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Abstract: In this research we decided to analyze the addition of silver (Ag°) on zinc oxide (ZnO) utilizing two nanoparticles: the 

synthesized zinc oxide-doped-silver nanoparticles (ZnO/Ag_Lab) utilizing the zinc nitrate as metal precursor for ZnO and silver 

nitrate as metal precursor for Ag°; and the commercial nanoparticle ZnO/Ag. For the study of application of the nanoparticles,    

they were processed in the form of films and the polymer utilized was the blend of HMSPP (high melt strength polypropylene)    

and styrene-ethylene/butadiene-styrene. For the study of nanoparticles, they were submitted to biocide tests against Staphylococcus 

aureus (ATCC 6538) and Escherichia coli (ATCC8739) and XRD (X-Ray Diffraction). The XRD analysis results indicated, in  

both of nanoparticles, with the presence of wurtzite phase of ZnO, being that on the commercial nanoparticles the intensity of peak 

was higher than that of synthesized one, on other hand, the peaks attributed to Ag°, were more intense in the synthesized 

nanoparticle. 
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1. Introduction 

The nanoparticles have a biocidal activity as reported 

in the literature. However, when SARS-COVID-19 in 

the year 2020 was the most dangerous virus in the 

world, diverse types of industrial nanoparticles were 

introduced into the market. 

Among the nanoparticles, zinc oxide (ZnO) has a 

concern due to the its biocide properties, chemical 

stability and the ZnO has good biocompatibility [1]. 

ZnO is a very simple nanoparticle to be produced, 

utilizing diverse methods, among then the sonochemical 

method [2] this is a simple method to produce 

nanoparticles with regard to the structure of wurtzite 

of ZnO. This method was utilized by Gusatti et al. [2] 

utilizing low temperature and showing a high 

efficiency to produce nanoparticles. 
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Another nanoparticle most used for biocidal activity 

is the metallic silver (Ag). The Ag has good biocidal 

properties due to the release of the ions of Ag+ or Ag0, 

which concerns bacteria death [3]. To enhance the 

biocide properties, the Ag is utilized to dope other 

nanoparticles, as for example, the doping of the ZnO 

nanoparticle. 

Observing the use of these nanoparticles, we 

conducted the study of the effects of the Ag addition on 

ZnO in two steps: the first approach was understanding 

the effects of the biocide activity against E. coli and S. 

aureus and the elements on the nanoparticles by XRD 

analysis; on the second approach to analyze the 

biocide effects of the nanoparticles when dispersed on 

the blend of HMSPP/SEBS. The HMSPP is the high 

melt strength polypropylene obtained by the gamma 

irradiation process under acetylene atmosphere, and the 

SEBS styrene-ethylene/butadiene-styrene thermoplastic 

elastomer. 
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2. Experimental Procedure 

The chemical materials in this work were utilized 

without previous treatment. The nanoparticles were 

named as ZnO/Ag_LAB for the nanoparticle 

synthesized in the laboratory; and ZnO/Ag_TNS for 

the nanoparticle purchased from TNS Technology. 

2.1 Synthesis of ZnO/Ag_LAB Powder 

All solutions were utilized the Mili-Q water, the 

solution of Zn(NO3)2·H2O (purchased from LabySynth) 

was added to the solution of NaOH (purchased from 

LabySynth) drop by drop under constant stirring, after 

the solution was heated to the temperature of 75 °C. 

The suspension was washed and dried, according to an 

adaptation from the work of Gusatti et al. [2]. 

For doping the ZnO with silver (Ag), the synthesis 

utilized was adapted from the Turkevich method [4, 5], 

the solution of silver nitrate AgNO3 (purchased from 

LabySynth) was heated at boiling point, and the 

sodium citrate was added as reductant agent and the 

PVP (poly-vinyl-pyrrolidone) (from LabySynth) was 

incorporated to the solution as a core-shell agent and 

the synthesized ZnO was added instead to obtain the 

ZnO doped Ag-ZnO/Ag_LAB. 

2.2 Melting Processing 

The melting processing was carried out using the 

extrusion equipment. Firstly, the blend of HMSPP [6, 

7] and SEBS was processed in the twin-screw 

extruder (ThermoHaake Polymer Lab.) [8]. The 

temperatures utilized were 160 to 210 °C. The mineral 

oil was added during this process as the plasticizer. In 

the sequence, in the single screw extrusion 

(ThermoHaake Polymer Lab.) with temperatures 

zones of 160 to 210 °C. The nanoparticles in the 

powder form were added to the blend of 

HMSPP/SEBS and extruded to obtain the films of the 

nanocomposites. The average film thickness was 0.07 

and 0.09 mm. 

2.3 XRD (X-Ray Diffraction) 

XRD measurements were carried out in the 

reflection mode on a Rigaku diffractometer Mini Flex 

II (Tokyo, Japan) operated at 30 kV voltage and a 

current of 15 mA with CuKθ radiation ( = 1,541841 Å). 

2.4 Biocide Tests 

This test was carried out to evaluate the biocidal 

activity of the nanoparticles. The bacteria used for this 

test were the Staphylococcus aureus ATCC 6538 and 

Escherichia coli ATCC8739. 

The standard used for testing the nanoparticles was 

the INCQS 65.3240.016—Method for Evaluation of 

Bactericide and Fungicide Activity of Substances and 

Sanitizing Preservatives. 

The standard used for testing the films with the 

nanoparticles was the JIS 2801—Japanese 

International Standard—Test for Antimicrobial 

Activity of Plastics. 

3. Results 

In Table 1, halo biocide tests for each nanoparticle 

on the microorganisms are reported. Staphylococcus 

aureus ATCC 6538 and Escherichia coli ATCC8739 

microorganisms were utilized for the test owing to the 

large spectrum of contamination of these 

microorganisms and Fig. 1 reports the agar plate 

resulted for the halo of inhibition measurement. 
 

Table 1  Measurement of inhibition halo diameter on the biocidal test of the nanoparticles, following the INCQS 65.3240.016 

norm. 

Microorganisms ZnO 
Sample/halo (mm) 

ZnO/Ag_LAB ZnO/Ag_TNS 

Staphylococcus aureus ATCC6538 2 3 2 

Escherichia coli ATCC8739 2 4 1 
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Fig. 1   Nanoparticles submitted to biocide analysis against the S. aureus and E. coli; following the INCQS norm: ZnO (A); 

Zno/Ag_LAB (B) and Zno/Ag_TNS (C). 
 

The biocide activity was observed for all of the 

nanoparticles. Observing each nanoparticle in Table 1 

and Fig. 1, the biocide activity in the ZnO 

nanoparticles was attributed to the possibility of Zn2+ 

ions present on the surface of the nanoparticles. 

According to the literature [9] these ions interact with 

the cell bacteria causing the death. Another 

mechanism, highlighted in the literature, describes the 

effect of the morphology for physic deformation of the 

cell [10] and the generation of three types of ROS 

(•OH, 1O2, O2
•-), causing higher oxidative stress on 

biological systems, and causing the cell death [5]. 

In the case of ZnO/Ag_LAB and ZnO/Ag_TNS, 

further the presence and action of ZnO nanoparticles, 

the presence of silver increased the biocide activity. 

The silver has diverse types and/or shapes, among 

them the Ag0, which is the form that has possibilities 

of the biocide effect thus in UV light and dark 

ambient. 

Observing the results, the ZnO/Ag_LAB has a halo 

diameter more pronounced than ZnO/Ag_TNS for 

both microorganisms. 
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To corroborate this experimental observation, on 

the biocide tests, we analyzed by Inductively Coupled 

Plasma Optical Emission Spectrometry (ICP-O ES) 

the concentration of each element Zn or Ag. The 

ZnO/Ag_LAB has concentration of 205 mg/L of Ag 

and 38 mg/L of Zn and ZnO/Ag_TNS has 

concentration of 2.2 mg/L of Ag and 714 mg/L of Zn. 

With this result, in part, it is possible to affirm that 

biocidal activity on ZnO/Ag_LAB is increased due to 

the Ag addition and in the ZnO/Ag_TNS the biocidal 

activity was mainly correlated to the presence of ZnO. 

The literature cites [12], the ions of Zn2+ and/or Ag+; 

Ag0 can be released from each respective nanoparticle. 

Each ion has a different target for different types of 

protein cells and in this form inactivates. The Ag+, 

Ag0 can combine with the chloride ions and 

precipitate into silver chloride, inhibiting cell 

respiration. The zinc can link with the membranes 

changing the permeability to the cells, while the Ag+ 

ions can inhibit the DNA (deoxyribonucleic acid) 

replication, as cited in the literature [12], and the 

silver activity is related to the fact of the silver bonded 

with the proteins, affects the respiration process 

destroying the external membrane with the cell death. 

In addition, on Dynamic Light Scattering (DLS) 

and zeta potential, the average size of the 

nanoparticles was observed: ZnO = 800 nm and -4.77 

mV of zeta potential; ZnO/Ag_LAB = 75.85 nm and 

-21.2 mV of zeta potential; ZnO/Ag_TNS = 1,786 nm 

and -10.7 mV of zeta potential. With this data, it is 

possible to affirm on ZnO/Ag_TNS, the incorporation 

of the silver on the ZnO is carried out utilizing an 

mechanical method due to the comparison between 

particle size of the ZnO/Ag_TNS and ZnO/Ag_Lab; 

and by the observation of the zeta potential, the 

experimental value of potential zeta of ZnO/Ag_LAB 

was nearby the -40 mV indicating in this form, this 

nanoparticle has intense charge repulsion between the 

nanoparticles conduction to a more stable particle, 

preventing the agglomeration. Through the literature 

cited [13], it is possible to revert the agglomeration 

state, however if an additional entropy, such as 

sonication, homogenization or ion exchange (H+) is 

added to the synthesis process, this observation of the 

literature confirms the fact that synthesized ZnO used 

on ZnO/Ag_LAB allows a diminution of the size 

average of nanoparticle doped with silver size below 

100 nm. 

To analyze other aspects from the nanoparticles, the 

XRD was carried out in the powder of the nanoparticles 

and with the diffractogram shown in Fig. 2, it is 

possible to identify each ion on the nanoparticle. 

The crystalline structure of each nanoparticle was 

observed and confirmed in XRD analysis. The 

identified peaks in Fig. 2 were: 2θ = 10.75°; 13.98°; 

15.26°; 18.09°; 19.58° (Ag Metallic); 23.10°; 23.98° 

(ZnO); 28.67° (ZnO/Ag); 30.33°;31.12°; 31.81°; 

35.34°; 36.51° (ZnO wurtzite); 38.46° (Ag crystalline 

phase); 39.83°; 40.99°; 44.52° (Ag crystalline phase); 

46.33° (ZnO wurtzite); 49.91°; 54.31° (Silver nitrate 

residue); 55.68° (ZnO wurtzite); 56.76° (Silver nitrate 

residue); 59.99°; 64.80°; 77.62° (ZnO wurtzite). The 

diffraction peaks confirm the presence of ZnO and the 

Ag on the nanoparticles, the peaks referring to the Ag 

are more stable and visible when compared to the 

other nanoparticle ZnO/Ag_Lab, this fact occurs due 

to the process of core-shell with PVP that stabilized 

the growth of the particle during the process of 

synthesis [14-19]. In both nanoparticles, it was 

identified that the residue of nitrate (NO3
-) is utilized 

in the process of doping of ZnO and the synthesis of 

ZnO. In the case of ZnO/Ag_LAB, the intensity of the 

peak is weak when compared to the ZnO/Ag_TNS, 

indicating the fact that the nitrate is almost enough 

consumed during the process of synthesis. 

The peaks of ZnO indicate the presence of form of 

wurtzite zinc oxide. This structure has a hexagonal 

structure, as simply described as some alternating 

planes composed of tetrahedral coordinated O2- and 

Zn2+ [20]. 

In parallel, the material has the influence of silver 

the presence of particles of metallic Ag. Another reason  
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Fig. 2  XRD diffractogram of the nanoparticles of ZnO/Ag_LAB, ZnO/Ag_TNS and ZnO. 
 

 
Fig. 3  Raman Confocal carried out on the nanoparticles of ZnO, ZnO/Ag_LAB and ZnO/Ag_TNS. 
 

is the fact that the ZnO acts as Ag carrier in the case 

of ZnO/Ag_LAB. The core shell provided by PVP on 

Ag+ reduced from AgNO3, controlled the growth of 

Ag nanoparticles, and provided a chemical ligament 

with the ZnO. 

The Raman Confocal was utilized to better 

understand and corroborate the characteristics of the 

nanoparticles; the diffractogram of the nanoparticles 

was represented in Fig. 3. 

The experimental wave numbers were observed on 

the nanoparticles and represented in Fig. 3, and the 

peaks of ZnO identified by 440 cm-1, 724 cm-1, 927 cm-1, 

1,069 cm-1, 1,385 cm-1, 1,405 cm-1 were attributed to 

the formation of ZnO nanocrystals in the format of 
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Wurtzite [21, 22], corroborating with the results 

observed in the XRD diffractogram. 

The intense peak of 1038 cm-1 in the ZnO was 

associated to free anion of NO3
- [24]. This peak can be 

related with the residual NO3
- from the synthesis of 

ZnO and Ag; and can be related to a residual from the 

process of washing of the nanoparticles. 

The peaks of 808 cm-1, 1,149 cm-1, 1,334 cm-1, 

1,459 cm-1 were observed on the ZnO/Ag_LAB and in 

the ZnO/Ag_TNS, and were attributed to the presence 

of the silver [24]. 

Analyzing the nanoparticles isolated, it is possible 

to conclude both nanoparticles have a biocide effect 

against the microorganisms, however, when each 

particle is melt processed with other polymers, like 

polyolefin, there exists the possibility of alteration of 

its properties due to the higher temperature, high shear 

rate, during the melting processing. 

To study the effects of melting processing on the 

nanoparticles, the blend of HMSPP/SEBS was 

obtained and doped with concentrations of the 

nanoparticles, as described on the methodology, and 

melt processed in thin film form for study. 

After the process, the samples were cleaned with 

alcohol ethylic and submitted to the biocide assay 

following the JIS norm and the results are shown in 

Table 2. 

The bactericidal efficacy of the nanoparticles on the 

films of the blend of HMSPP/SEBS was evaluated by 

observing the logarithmic reduction after 24 h of 

incubation and the count of bacteria cells, as observed 

in Table 2. Considering the standard efficiency 

defined in the JIS norm, all samples showed biocide 

activity, with exception of the film with ZnO/Ag_TNS 

against the gram-negative bacteria E. coli. 

Considering the mechanisms observed in the 

analysis of biocide effects on the nanoparticles, the 

films containing ZnO/Ag_TNS were possible to 

decrease the bacteria growth in the case of S. aureus, 

by observing the results of bacteria counting after 24 h, 

this fact can be correlated to the fact that the presence 

of ZnO is in major evidence than Ag, as observed in 

XRD and the S. aureus is more sensitive for biocide 

nanoparticles, in this case of ZnO/Ag. 

On other hands, the films of ZnO/Ag_LAB were 

possible to decrease the bacteria counting. In this part, 

it is possible to observe the similarity between the 

logarithmic reduction in both the nanoparticles, despite 

counting cells of bacteria after 24 h in the films with 

ZnO/Ag_TNS being higher than the ZnO/Ag_LAB. 

Observing this, it is possible to affirm that mechanism 

of interaction of the bacteria with the nanoparticles/film 

has some changes. It is possible, during the processing 

in twin-screw extruder, the nanoparticles are exposed 

to high temperatures, high shear rate, and other side 

effects. In those cases, the nanoparticles had a loss of 

their properties due to the oxidation process of them. 

In this context, for the gram-negative bacteria, E. coli, 

it is possible to affirm the films of nanoparticles 

ZnO/Ag_TNS have a loss of properties during the  
 

Table 2  Biocide tests following the JIZ norm on the films of blend of HMSPP/SEBS with the nanoparticles of ZnO, 

ZnO/Ag_LAB and ZnO/Ag_TNS  on the bacteria S. aureus and E. coli. 

Samples 

films 

Bacteria 

Logarithmic 

reduction 

Bacteria 

Logarithmic 

reduction 
Counting in zero 

time S. aureus 

ATCC 6538P 

Counting after 24 

h S. aureus ATCC 

6538P 

counting in zero 

time zero E. coli 

ATCC 8739 

counting after 24 

h E. coli ATCC 

8739 

1% ZnO 2.3 × 105 2.7 × 104 0.93 2.6 × 105 2.0 × 105 0.11 

0.3% ZnO 2.3 × 105 2.1 × 104 1.04 2.6 × 105 2.1 × 105 0.09 

1% ZnO/Ag_Lab 2.3 × 105 1.2 × 102 3.28 2.6 × 105 1.5 × 102 3.23 

0.3% ZnO/Ag_Lab 2.3 × 105 7.6 × 102 2.48 2.6 × 105 5.6 × 10 3.66 

1% ZnO/Ag_TNS 2.3 × 105 3.0 × 10 3.88 2.6 × 105 1.9 × 105 0.13 

0.3% ZnO/Ag_TNS 2.3 × 105 3.2 × 102 2.85 2.6 × 105 1.7 × 105 0.18 
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process, in this form conducting to a lower number of 

counting cells and logarithmic reduction values when 

compared to the ZnO/Ag_LAB. Another reason for 

loss of the properties of the nanoparticles, is the 

dispersion of the nanoparticles on the surface of the 

film. To corroborate this observation, the films were 

analyzed on the Raman confocal represented in Figs. 

4A and 4B. 
 

 
 

 
Fig. 4  Raman Confocal on the films of blend HMSPP/SEBS with the nanoparticles of ZnO, ZnO/Ag_LAB and 

ZnO/Ag_TNS. The figure 4 (A) is referred to all concentrations and the figure 4(b) is referred to an comparison to the film of 

1% of ZnO/Ag_TNS  
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The experimental peaks identified in Figs. 4A and 

4B, which were: 841 cm-1, 998 cm-1, 970 cm-1, 1,152 

cm-1, 1,324 cm-1, 1,432 cm-1, 1,457 cm-1, attributed to 

the HMSPP polymer. The peak of ZnO of 440 cm-1 

was identified in the films with the nanoparticles. The 

peaks referred to the nanoparticles also appear in Fig. 

3. It is interesting to observe in Fig. 4B that in the film 

of ZnO/Ag_TNS, the peak referred to ZnO, 1,369 

cm-1; and Ag, 1,149 cm-1 increased in such way that 

almost hide the other peaks. In observation of the 

experimental peaks, the presence of the ZnO is 

evident in the case of ZnO/Ag_TNS, however, there 

exists the probability that the dispersion of the particle 

on the surface is compromised, confirming the 

hypothesis of the synthesis of the ZnO/Ag_TNS was 

carried by mechanical process, because the peak of 

ZnO is strong when compared to the others, this fact 

can be correlated to the biocide activity and the melt 

processing. The melt processing can separate the ZnO 

and Ag by shear rate and the dispersion in the film 

changed the biocidal activity. Otherwise, in the 

ZnO/Ag_LAB, the molecules of ZnO and Ag were 

intimately formed, and in this form have a better 

dispersion in the surface of the film. 

4. Conclusions 

We have studied the addition of the silver on the 

ZnO and ZnO/Ag nanoparticles by analyzing the 

biocidal activity before and after melting processing. 

The enhancement of biocidal activity because of silver 

addition was observed. For ZnO/Ag_TNS, a fact was 

verified that a mechanical addition can provide a 

biocide activity on ZnO, however, this method of 

synthesis does not maintain stable the biocide properties 

of the nanoparticles after melting processing. On 

ZnO/Ag_LAB, a stable nanoparticle was found with 

biocide activity before and after melting processing. 
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