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Abstract  

Polymer composite and nanocomposite materials with inorganic filler like metal oxides such 

as zinc oxide, magnesium oxide and zinc peroxide are motive fields of research due to the 

innovative combination of properties between the polymer and filler, arising from the 

application of inorganic filler and nanofiller within polymer matrix. The present study 

investigated the influence of different concentration of zinc peroxide (ZnO2) particles and 

nanoparticles on the thermal, mechanical, morphological, and antibacterial properties of low-

density polyethylene (LDPE)/ZnO2 composite and nanocomposite. Different compositions 

of LDPE/ZnO2 and LDPE/nano ZnO2 composites were prepared by solution cast technique 

with ZnO2 concentration of (1wt%, 3wt % and 5wt%) for composite and (0.5wt%, 1wt%, 

1.5wt%, 3wt% and 5wt %) for nanocomposite. Firstly, ZnO2 nanoparticles were synthesized 

using three different methods, the first one reflux reaction method used polyethyleneimine 

(PEI) as capping agent and the second one reflux reaction method without capping agent and 

the last one sol-gel method. Reflux reaction method without capping agent was chosen for 

preparing nanocomposite, because it has the good reaction percentage yield compared to the 

other methods. The synthesized ZnO2 nanoparticles were characterized by X-Ray Diffraction 

(XRD), Scanning electron microscope (SEM), Fourier-transform infrared spectroscopy 

(FTIR) and Differential scanning calorimetry (DSC). Highly crystalline cubic-ZnO2 

nanoparticles grown in a near- spherical shape were obtained with average size about 82 nm 

,48 nm and 55 nm for reflux without PEI, reflux with PEI and sol-gel respectively, based on 

SEM and XRD analysis. It was found by DSC that the synthesized ZnO2 samples decomposes 

into zinc oxide (ZnO) at about 230-238 oC. The observed vibrational modes by FTIR in the 

ZnO2 nano-powder are discussed and compared with previous reports and suggest the purity 

of the ZnO2 particles that synthesized from the reactants. The results of the morphological 

analyses of composite shows a distribution of ZnO2 in the LDPE matrix with little signs of 

agglomerates and the particles were embedded in the matrices of the composite but they don't 

appear well on the surface of composite. For the nanocomposite, The SEM micrographs show 

that the nanoparticles are well distribution within the whole polymer matrix. The micrograph 

of the nanocomposite with ZnO2 nanoparticles filler showed a distinct dispersion behavior 

as that of the composite containing the ZnO2 filler. The addition of ZnO2 filler in the 

composite and nanocomposite imparted slight variations in the melting temperature of 
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different concentration of composite and nanocomposite samples and gave significant 

improvements in the degree of crystallinity since the filler could act as a nucleating agent. 

The results of mechanical characterization showed that the tensile properties of LDPE/ZnO2 

nanocomposites are higher than those of LDPE/ZnO2 composites except yield strength which 

mean that the composite can withstand high stress without a permanent plastic deformation 

as compared to nanocomposite. It was found that LDPE without any filler achieved a tensile 

strength of 4.94 MPa and the tensile strength of ZnO2 /LDPE nanocomposites increased with 

increasing ZnO2 nanoparticles concentration  until reaching the highest value of tensile 

strength 5.28 MPa at 5wt% of nanoparticles, while the tensile strengths of the composites 

decreased with increased concentration of ZnO2 powder and dropped to 4.35 MPa at 5wt% 

ZnO2 particles. The elastic modulus of ZnO2 /LDPE composite and nanocomposite was 

found to increase progressively with ZnO2 concentration, the highest set of values was 

obtained for 5 % concentration of ZnO2 for nanocomposite with the modulus value 0.124 

GPa compared to pure LDPE with modulus value 0.103 GPa. As well the fracture strength 

increased as the nanofiller size decreased to nano sized as compare to composite, so the 

nanocomposite has higher ability to resist failure than composite. Moreover, the elongation 

at fracture decreased steadily with increasing in ZnO2 concentration for the composite from 

36 % to 29 % and for nanocomposite from 48 % to 42 %. Unfortunately, the antibacterial 

characterization of composite and nanocomposite did not show any zone of inhibition on 

agar plates for composites and nanocomposite against aerobic and anaerobic bacterias. 
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1.1 Plastic Materials  

The plastics industry is considered as one of the greatest industries in the world in the twenty 

first century, and includes global production, synthesis, recycling and sale of plastic products. 

Plastics are a broad group of synthetic and semi-synthetic materials in which a polymer is the 

main component, it's produced in chemical factories by the polymerization of its starting 

materials that called monomers, which are almost petrochemical in nature. (Klein, 2012) 

In general, petrochemical plastics are categorized into thermoplastics, thermosets and 

elastomers, including flexible and rigid form. Thermoplastics are either amorphous or semi-

crystalline, amorphous are disordered oriented macromolecules whereas semi-crystalline 

macromolecules are nearly ordered since they are embedded with crystalline phases. 

Thermoplastic can be processed and recycled using heat, the ability to reprocess this group of 

plastics makes them recyclable and it can be used again, as they can be easily molded into 

different shapes. This is different from thermosets and elastomers; these polymers are cross-

linked and so cannot be melted for recycling purpose. (Scharff, 2012)  

Thermoplastics are seen as superior to thermoset polymers as a result of its distinctive 

properties, that involves no chemical bonding and they can be poured into a mold to cool and 

solidify into the desired shape  in contrast to the thermoset, commonly used thermoplastics are 

shown in table (1.1) with their properties and monomers. (Lagaron, et al, 2008) 

Table (1.1): Some of the most popular types of thermoplastic polymers used. 

Name(s) Formula Monomer Properties 

Low density polyethylene (LDPE) 

High density polyethylene (HDPE) 

-(CH2-CH2) n- 

-(CH2-CH2) n- 

CH2=CH2 

CH2=CH2 

Soft, waxy solid 

Rigid, translucent solid 

Polypropylene (PP) -[CH2-CH(CH3)] n- CH2=CHCH3 Atactic: soft, elastic, solid 

Isotactic: hard, strong solid 

Poly vinyl chloride (PVC) -(CH2-CHCl) n- CH2=CHCl Strong rigid solid 

Polystyrene (PS) -[CH2-CH(C6H5)] n- CH2=CHC6H5 Hard, rigid, clear solid, 

soluble in organic solvent 
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1.1.1 Thermoplastic Polyethylene (PE) 

 

Thermoplastic polyethylene is one of the most investigated polymers used in application, which 

are used in this study, owing to its low density, low cost, easiness in process by commonly used 

equipment for manufacturing plastic materials, such as injection molding, blown film extrusion, 

compression molding, casting, and extrusion, its chemical resistance, and also good mechanical 

properties. (Almaadeed, et al, 2013) 

Polyethylene is a petrochemical product that is derived from the monomer ethylene. The 

polyethylene polymer is produced through a process of monomer link called addition 

polymerization. In this process, heat and an initiator or a catalyst are added to combine 

monomers together. Thus, ethylene molecules are polymerized into very long polymer 

molecules or chains as showed in figure (1.1). (Ebewele, 2000) 

 

Figure (1.1): Addition polymerization of polyethylene with one of the possible termination steps. 
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According to other studies (Brown, et al, 2007) and (Omar, et al, 2012) polyethylene is 

characterized primarily based on the density and the degree of molecule branching, LDPE is a 

flexible polymer with long branch that do not pack well as the HDPE that its liner with packed 

more closely and this was proved by the density of both types, polyethylene classification shown 

in table (1.2).  

Table (1.2): Polyethylene classification based on conformation and density. (Jordan, et al, 2016) 

Polymer                 Confirmation Density (g/ cm3) 

   

Low density polyethylene 

(LDPE) 

Long branches do not pack into crystal well 0.910–0.925 

   

Liner low density 

polyethylene (LLDPE) 

shorter branches than LDPE 0.915–0.925 

   

High density polyethylene 

(HDPE) 

Linear chains increase crystal packing 0.941–0.965 

   

Ultra-high molecular weight 

polyethylene (UHMWPE) 

Long, linear chains effectively transfer load 

to polymer backbone 

0.930–0.935 

   

Cross linked polyethylene 

(PEX) 

Cross linked chains      0.940 

Many studies on composite materials with different polymer matrices, such as high-density 

polyethylene (HDPE) (Mwafy, et al, 2015), polystyrene (PS) (Chae, et al, 2005), poly(methyl 

methacrylate)(PMMA)( Zeng, et al, 2010) and polypropylene carbonate (Seo, et al, 2011), aim  

to upgrade polymer properties to match the profile of a typical engineering plastic and also to 

give some of the advantages, such as high resistance to abrasion and corrosion and high stiffness 

and strength, the studies selected a polymer matrix for polymer/filler composites and used them 

in appropriate applications, as our study did. (Khashaba, 2013)  
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1.2 Composite materials:   

Currently, materials that consist multiple materials with at least two properties are widely used 

in daily life. These materials are often called composite, which is the common name, because 

they combine two or more constituent materials, due to the fact that the properties of the 

composites are better than those of the original components individually and the different 

materials in the composite work together to give the composite unique properties. (Rajak, 2019) 

Composite materials are usually classified by the type of material that used for the matrix; 

however, the matrix materials are generally ceramics, metals, and polymers, this gives the ability 

to create a limitless number of new material systems which have unique properties that cannot 

be obtained with any single material and the matrices hold and protect the reinforcing material 

from environmental and physical damage. The classification of composite based on the matrix 

materials are: (Sharma, et al, 2020)  

 Polymer Matrix Composites (PMC’s).  

 Metal Matrix Composites (MMC’s). 

 Ceramic Matrix Composites (CMC’s).  

The most common type of composite is PMC’s, also known as fiber reinforced polymers (FRP). 

They are used in the largest quantities due to their good room temperature properties, ease of 

manufacture and low cost, while the metal matrices have a high working temperature range and 

the most commonly metal used as matrices are light weight alloys such as, magnesium, 

aluminum and titanium. (Roylance, 2000) 

MMC’s are used in several application such as car engines and turbine blades. However, due to 

processing complexity and higher density of metal matrix as compared to polymer matrices, 

they are less commonly used. CMC’s these materials use a ceramic as the matrix and reinforce 

it with short fibers. These composites are used in very high temperature environments and are 

not as commonly used as polymers, because they are brittle and difficult to process, the main 

matrices used are alumina (Al2O), silica (SiO2). Categories of composites have very different 

properties and applications. Understanding the performance differences can help to make better 

sourcing decisions and help in product designs as composite. (Cantor, et al, 2003) (Zhang, 2014) 
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The strength, density and most of the properties of the composite material are very dependent 

on the reinforcing material. The additives that improve the properties of composite may be 

continuous, e.g., long fibers or ribbons and these are incorporated into the matrix with regular 

arrangements that extend throughout the dimensions of the composite or particles and 

discontinues (short) such as short fibers, flakes , platelets or spheres and these are dispersed 

throughout the continuous matrix without specific arrangement. Figure (1.2) showed the 

reinforcement forms that used in composite materials. (Kutz, 2015) 

 

Figure (1.2): Reinforcement forms. (Kutz, 2015) 

There is a wide variety in the chemical structures, forms, shapes and sizes, of the various organic 

and inorganic reinforcement that are used as fillers. According to (Wypych and George, 2016) 

in their book, fillers may be classified as inorganic or organic materials as showed in Table 

(1.3). 

Table (1.3): Chemical families of reinforcements for plastics. (Wypych and George, 2016) 

Chemical family Examples 

Inorganics 
 

Oxides Glass (fibers, spheres, hollow spheres, flakes), MgO, SiO2, Al2O3. 

Hydroxides Al(OH)3, Mg(OH)2. 

Salts CaCO3, BaSO4, CaSO4, phosphates 

Silicates Talc, mica, kaolin, wollastonite, montmorillonite, nanoclays, feldspar 

Metals Boron, steel 

Organics 
 

Carbon, graphite Carbon fibers, graphite fibers and flakes, carbon nanotubes, carbon black 

Natural polymers Cellulose fibers, wood flour and fibers, flax, cotton, sisal, starch 

Synthetic polymers Polyamide, polyester, aramid, polyvinyl alcohol fibers 
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1.2.1 Polymer matrix composites:   

Recently, PMCs, as engineering materials, are the research interest of scientists around the 

world for many applications in daily life. PMCs are mixtures of polymers with inorganic or 

organic additives, in which the polymer is continuous phase and the reinforced filler is the 

dispersed phase, where the continuous phase serves to adhere the reinforcement together for the 

efficient transfer of load between them. PMCs are by far the most widely used type of 

composites at this time. (Sharma, et al, 2020) Figure (1.3) showed polymer composites with 

combination of fillers, particulates or powders within polymer matrix.  

 

Figure (1.3): Composite material that contain particles as reinforcement in polymer matrix. 

There are different polymer matrices which can be used in composite materials, one of the 

PMCs, thermoset matrix composites are the most common than thermoplastic matrix 

composites. Thermosets are matrix that undergo a chemical reaction or curing and normally 

transform from a liquid to a solid while thermoplastics matrix are melt-process able plastics that 

the materials are processed with heat. Both thermoset and thermoplastic matrix composite 

materials have manufacturing differ. (Davim and Reis, 2003) 

In general, application of inorganic filler into polymer matrix leads to improve the mechanical 

properties of composite such as the elastic modulus and tensile strength, hardness and wear 

resistance and may be also introduce or enhance additional functions and new functions attained 

but causing an overall reduction in the matrix strain, especially in the particle/matrix interface 

due to the inorganic reinforcing fillers. Which are stiffer than the matrix and deform less, 

composite material properties also depend on the size, shape, concentration and composition of 

the filler particles, and even their bond with the matrix. (Rastelli, et al, 2012) 
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1.2.2 Polymer matrix nanocomposites 

A nanocomposite material is a composite material, in which one of the components has at least 

one dimension that is nanometer in size that is around 10-9 m. Nano-composite materials are 

made of nanoobjects embedded within an organic matrix as shown in figure (1.4), these new 

composites material will exhibit unexpected properties, which greatly differ from that of 

conventional materials and shown great potential in many fields. (Khan, et al, 2016) 

 

Figure (1.4): Nanocomposite material based on nanoparticles with polymer matrix. 

Polyethylene, being a useful and versatile commodity polymer, has also been one of the most 

popular matrices for nanocomposite studies. Nanocomposites are a special class of materials 

having unique properties and a wide application potential in diverse areas, the use of nano-fillers 

in polymers opens up new pathways for engineering flexible composites that exhibit 

advantageous electrical, antibacterial, or mechanical properties. (Gul, et al, 2016) 

Typically, nanocomposites are classified as inorganic nanocomposite where the matrix and 

reinforcement are inorganic. And organic nanocomposite where organic filler within organic 

matrix or hybrid materials such as our study, i.e., inorganic ZnO2 in organic polyethylene matrix. 

Using inorganic ZnO2 NP's in polymer matrix to produce nanocomposite is a strategy to enhance 

the biological activity properties of nanocomposite. However, the standard material, low-density 

polyethylene, has its drawbacks in terms of its activity against bacteria; it is not considered one 

of the substances that have an effect on killing bacteria when it is alone, so it is reinforced with 

ZnO2 to improve its biological activity properties. (Patel, et al, 2006) 
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1.3 Inorganics metal oxides filler 

 

Traditionally, inorganic fillers were considered as additives and reinforcements, which, due to 

their unfavorable features, improved the properties of polymers and to reduce the cost of 

materials. Several types and size with different volume fraction and distribution of inorganic 

filler are used in products and these affect all materials properties. The most common used type 

inorganic fillers are glass (fibers, spheres, hollow spheres, flakes), MgO, SiO2, ZnO, Al2O3 and 

ZnO2. (Xanthos, 2005) 

     1.3.1 Zinc peroxide filler 

ZnO2 has attracted the attention of scientists for many and several decades, it's an inorganic 

compound appears as a yellowish-white crystalline powder at room temperature, ZnO2 is mostly 

used in many applications in the field of industries as accelerator in the vulcanization of the 

rubber industry (L. Ibarra, et al, 2002) and plastic processing (Ohno, et al, 1980). It can be used 

as an oxidizing agent for explosives and pyrotechnic mixtures (Hagel, et al, 1981), Recently, 

many of studies have shown that ZnO2 has anti-bacterial properties. (Hussein, et al, 2021) 

The development of plastic composite based on metal oxide fillers is one of the most important 

applications for polymer chemistry and physics, as well as in the fields of materials applications. 

Zinc oxides are one of the fillers that are used in polymer composites to a lesser extent in 

research compared to other high strength fillers such as alumina, silicon carbide. Therefore, the 

mechanical and thermal properties of the polymer may be change significantly after the 

incorporation of the ZnO2 filler. Moreover, it has been reported that ZnO2 fillers has antibacterial 

activity. 

     1.3.2 Zinc peroxide nanofiller  

Recent advances in the field of nanotechnology particularly the ability to prepare highly ordered 

nano particulates of any shape and size up to about 100 nm, nano objects can be distinguished 

into three nanoscale dimensions as nanoparticles, two nanoscale dimensions as nanofibers and 

one nanoscale dimension as nanoplatelets, while the nanoscale dimensions are normally in a 

range between 1 and 100 nm , particles in these size ranges have been used by several industries 

such as nanocomposite and materials applications. (Bergs, 2017) 
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Nanoparticles are often synthesized from a top-down or bottom-up approach as shown in figure 

(1.5). A bottom-up approach relies on nucleating atomic-sized materials and build up to 

nanostructures, this method has the potential of creating less waste and hence the more 

economical, include organometallic chemical route, sol-gel synthesis, revers-micelle route, 

hydrothermal synthesis, colloidal precipitation. While top-down methods, where a bulk material 

is physically broken down to make smaller molecules, include milling, laser ablation, and spark 

ablation. (Ealia, et al, 2017) 

 

Figure (1.5): Scheme of top-down and bottom-up synthesis of nanoparticles (NPs). 

Metal oxides nanoparticles are one of the most families of NP's that have been discovered and 

studied because of their unique properties, such as antibacterial (Bergs, et al, 2017), antifungal 

(Ali, et al, 2017), wound healing (Kaushik, et al, 2019) and low toxicity (Padmavathy, 2008), it 

is known that they effectively inhibit and resist the growth of a wide range of different types of 

bacteria, emerging as hopeful candidates to challenge antimicrobial resistance. (Kadiyala, et al, 

2018) 

ZnO2 crystallizes in a cubic structure with the space group Pa3. (Chen, et al, 2009) It's widely 

used in many common applications. Furthermore, ZnO2 NP's is extensively used as crosslinker 

for the production of carboxylated nitrile butadiene rubbers (XNBR)  (Brown, 1963) and used 

as a “green” precursor for the synthesis of zinc oxide nanoparticles (Uekawa, et al, 2003), 

additionally ZnO2 NP's used in cosmetic (Rosenthal-Toib, et al, 2008). 
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1.4 Antimicrobial activity of ZnO2 nanoparticles: 

Metal oxides have been used as an antimicrobial agent for thousands of years, dating back to 

1,500 BP where Egyptians first recorded the use of copper salts as an astringent (Lemire, et al, 

2013). Increasing bacterial poisoning has generated scientific interest to synthesize novel 

antimicrobial agents with broad spectrum activities to eliminate this problem. There are two 

main classes of antimicrobial agents, organic and inorganic. Over the past decade, inorganic 

materials, like metal and metal oxides such as zinc oxide, magnesium oxide and others have 

attracted additional attention as they found to be safe for citizenry and animals and conjointly 

had the potency to face up to harsh conditions. (Aoki, et al, 2013) 

Engineering and nanotechnology are among the most important sciences used in bacterial 

activity applications, the nanoparticles are fighting against microorganisms, they are a safe 

potential antimicrobial alternative for use. The antibacterial activity of the nanoparticles depends 

primarily on the size and shape; so, it requires of nanometer-scale materials. (Guzmán, et al, 

2009) 

The antibacterial activity of ZnO2 has been referred to a variety of issues, but the exact 

mechanism is not completely elucidated and still controversial, distinctive mechanisms that 

have been put forward in this study are listed as shown in figure (1.6). 

 

Figure (1.6): Schematic of zinc peroxide nanoparticles and the resulting antibacterial effect. 
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The mechanism of antimicrobial activity of ZnO2 is related to the electrostatic interaction with 

the membrane. ZnO2 nanoparticles attach to the bacterial membrane, pitting occurs in the 

membrane due to the production of ROS with oxygen free radicals or by release of Zn+2 ions or 

when the nanoparticles directly contact with cell membrane which fatally damages the cell. 

(Dimapilis, et al, 2018) 

A mechanism by which nanoparticles kill bacteria when the surface of ZnO2 release ROS or 

oxygen free radicals, such as the superoxide anion O2− which is a powerful oxidizing agent very 

reactive with water. Hydrogen peroxide H2O2 and the hydroxyl radical (•OH) which these ROS 

cause fatal damage to microorganisms because ROS produce disruption of DNA, damage by 

oxidation of polyunsaturated fatty acids and amino acids as shown in figure (1.7). 

The cell wall ruptures when exposed to ROS due to the surface activity of ZnO2 and thus leads 

to the decomposition of the cell wall, the decomposition of its membrane, the leakage of the 

contents of the cell, and eventually to cell death (Gold, et al, 2018). Previous studies verified 

that the bacteria concentration in infected tissues minimized perpetually with increasing oxygen 

concentration. (Yamamoto, 2001) 

 

Figure (1.7): Mechanisms of action of the bactericidal effect from metal oxides nanoparticles.  

(Vega-Jiménez, et al, 2019) 
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ZnO2 NP's releases of zinc ions Zn+2 that damages the cell, for example the toxicity of 

nanoparticles against Escherichia coli was attributed mainly to the released Zn+2 ions according 

to (Kasemets, et al , 2009), the release of Zn+2 ion causes the damage of the cell membrane and 

penetrate the intracellular contents and the ions of metal oxides might also cause the 

decomposition of bacterial cells due to the diffusion of metal ions by generating large amounts 

of hydroxyl radicals and diffusion in bacterial cells.(Vega-Jiménez, et al, 2019) 

The mechanism of ZnO2 NP's as antibacterial agents is dependent not only as mentioned above, 

but is strongly correlated to the nanoparticle's physical properties, such as its shape, size, 

solubility, agglomeration, and surface charge. (Sirelkhatim, et al, 2015) 

The antimicrobial activity of ZnO2 nanoparticles depends on their size and concentration. The 

effect of size and concentration was successfully analyzed by a work carried by (N. Padmavathy, 

et al ,2008). Specifically, the highest antibacterial activity is achieved at the smallest particle 

size, it's more likely to penetrate bacterial cell walls due to the increase surface area to volume 

ratio thus enhancing their antibacterial efficient and the better antibacterial activity can obtain 

with higher concentration of NP's. (Jones, et al ,2008) 

The direct contact of nanoparticles plays important roles in the antibacterial activity. Contact of 

nanoparticles with the cell membrane causes changes in microenvironment within the contact 

area of the organism and particle so the bacterial cell walls were damaged and disorganized and 

the nanoparticles cause increased membrane permeability leading to subsequent cellular 

internalization of the nanoparticles. (Dimapilis, et al ,2018) 

Further suggestion and some studies have shown that the biological activity of zinc oxides 

nanoparticles related to the changing in the methods of synthesis and chemical modification in 

the surface of nanoparticles as capping agent such as PEG and PVP, leads to as well as joint use 

with other nanomaterials affects the physical and morphological characteristics of nanoparticles, 

which, in turn, leads to a change in their antibacterial properties and  positively or negatively 

affect in the efficiency of activity of NP's against bacteria . (Javed, et al, 2016) 
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1.5 Plastic Composite/Nanocomposite Processing  

Plastic processing is the conversion of plastic materials into useful forms that are used in many 

applications, these bulk plastics come in resin, granules, pellets, powders, sheets, preforms, or 

fluids and are converted into formed shapes or parts. Plastic manufacturing processes have been 

developed over time to cover many applications that we use every day. From packaging to toys, 

plastic products are everywhere. Plastic is also very versatile because it can be molded into 

almost any shape. (Harper, 2006) 

In general plastic materials are manufactured in many ways that differ from each other based on 

the cost of equipment, production rate, tool cost and construction size. One of the most common 

methods used in the manufacturing process: compression molding, transfer molding, injection 

molding, extrusion, rotational molding, blow molding, thermoforming, casting, and foam 

molding. (Spaak, 1975) 

Several technologies are used to produce composite and nanocomposite materials, but some 

methods produce better quality products than others because they introduce fewer defects, or 

allow better control over fiber placement and orientation or enable a higher volume fraction of 

fiber reinforcement to be used, or lend themselves to better quality control monitoring. The main 

methods used in the manufacturing process of composite and nanocomposite according to 

starting methods and processing techniques are: (Pavlidou, et al, 2008) 

 Solution induced intercalation method. 

 In situ polymerization method. 

 Melting processing method. 

Solution induced intercalation method where is consists of solubilizing the polymer in a suitable 

solvent, then the particles are dispersed in the solution to prepare a homogeneous mixture, then 

the solvent is evaporated to obtain the particle-polymer mixture. And the second method in situ 

polymerization method where is one or more monomer were mixed with the catalyst and the 

initiator then the particles are dispersed in the system to produce a homogeneous mixture and in 

the end the monomers were polymerized or crosslinked, it is still widely used especially in 

thermosetting nanocomposite. (Shen, et al, 2002) 
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The last method is melting processing method where's the particles dispersed into polymer 

during the melting process. The melt interaction method allows the use of polymer which were 

not suitable for polymerization and solution intercalation method. The processing temperature 

must be optimized to obtain a suitable melt viscosity during the process in order to produce a 

well dispersed system. (Shen, et al, 2002) 

In our study solution casting techniques is used for preparation composite and nanocomposite 

samples, it's one of the oldest technologies used in polymer processing, it's easy and versatile 

method as showed in figure (1.8). 

 

Figure (1.8): Solution casting technique of Composite samples 

 In the solution casting of polymer composite and nanocomposites, the polymer phase is 

dissolved in water or a non-aqueous solvent and mixed with particles or nanoparticles fillers in 

the same solvent medium prior to casting on a surface, then solvent phase is removed by 

evaporation and then the dried composite is released from the substrate. Unlike in melt 

intercalation, the driving force behind exfoliation adsorption is the entropy gained by the 

desorption of solvent. (Ray, et al, 2003) 

According to (Araby, et al, 2014) the solution mixing technique achieved better dispersion 

compared with the melt method. This is because more interlayer spacing is available for polymer 

to intercalate. This was validated with the lower percolation threshold and higher mechanical 

properties obtained through their study. 
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1.6 Research Questions 

• Does the ZnO2 particles and nanoparticles improve the mechanical, thermal, and 

antibacterial properties of composites and nanocomposite? 

• Does the composite and nanocomposite that contains ZnO2 fillers have antibacterial 

properties against bacteria? 

• Do the ZnO2 nanoparticles enhance the properties of the nanocomposite better than the 

ZnO2 composite? 

• Does the ZnO2 particles and nanoparticles change the morphology and degree of 

crystallinity of composite and nanocomposite? 

 

1.7 Research aims and objectives. 

   The specific aim of this research is: 

To investigate the effect of ZnO2 particles and nanoparticles with different size and 

concentration on the thermal, mechanical, morphological and antibacterial properties of 

composite and nanocomposite. 

The main objectives of this study are 

• To synthesize and characterize ZnO2 nanoparticles by XRD, SEM, FTIR and DSC. 

• To characterize composite and nanocomposite mechanical properties, thermal properties, 

and morphology as a function of ZnO2 concentration. 

• To characterize composite and nanocomposite antibacterial properties as a function of 

ZnO2 concentration against different types of bacteria. 

• To compare the mechanical, thermal, morphological, and antibacterial properties of the 

composite and the nanocomposite materials. 
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Recently, the use of inorganic filler as reinforcement and antibacterial agent in polymers opens 

up new pathways for engineering flexible composites and nanocomposite that exhibit big 

advantageous. The application of metal oxides in polymer matrices has been looked at for the 

production of composite and nanocomposite with new properties that can withstand to extreme 

and critical conditions resulted to their engineering performance. There are several scientific 

studies that discuss the syntheses of ZnO2 NP's with their novel properties, in addition to articles 

that incorporated this metal oxide within the polymer to obtain distinctive properties . 

 

  2.1    Synthesis of zinc peroxide nanoparticles:  

ZnO2 NP's were synthesized by chemical method. (Chen, et al, 2009) The purpose of the study 

was to investigated the structure, structural stability, and magnetic and optical properties of 

ZnO2 nanoparticles by experiments and first-principles calculations, the results revealed that the 

ZnO2 nanoparticles with an average particle size of 3.1 nm which has a cubic structure with 

space group Pa3. This cubic ZnO2 nanocrystalline is stable up to 230 °C and above this 

temperature it decomposes into ZnO and it is an indirect semiconductor. 

Furthermore, ZnO2 NP's were synthesized from zinc acetate and hydrogen peroxide using the 

sol-gel method under ultrasound assistance by (Ramírez, et al, 2020). The synthesized 

nanoparticles have a particles size of ~6 nm which cluster to form particles of 100 nm, with 

good dispersion in water. 

(Escobedo-Morales, et al, 2011) reported and synthesized of ZnO2 NP's through hydrothermal 

method, they studied the thermal stability, morphology, structural and vibrational properties of 

the ZnO2 nanoparticles by thermogravimetry/differential scanning calorimetry, X-ray 

diffraction, low- and high-resolution transmission electron microscopy, infrared spectroscopy 

and Raman spectroscopy, The study results showed that the synthesized nanoparticles have an 

average size of 15 nm with highly crystalline cubic and they found that the synthesized ZnO2 

sample decomposes into ZnO at about 250 Co. 
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In addition, ZnO2 NP's have been synthesized by surfactant free method by (Hussein, et al, 

2021). They synthesized nanoparticles by reduction of methanolic solution of zinc ions using 

NaBH4 as a reducing agent, followed by oxidation using hydrogen peroxide and the nanosized 

ZnO2 were characterized by TEM, SEM, TGA, DSC, Raman, XRD, FTIR, UV– Vis absorption 

spectroscopy, The results showed that the mean average size of the nanoparticles was around 

15 nm with high antibacterial effect of the prepared ZnO2 against multi-resistant bacteria and 

antifungal pathogen that used in their study. 

 

(Colonia, et al, 2013) were synthesized ZnO2 nanoparticle by a sol–gel method using zinc 

acetate and hydrogen peroxide in an aqueous solution with exposed to ultrasound irradiation, 

and the nanoparticles of ZnO2 were characterized by XRD and SEM. The bactericidal activity 

of the ZnO2 nanoparticles was tested by the well diffusion agar method against B. subtilis, E. 

coli and S. aureus. The result showed that the ZnO2 NP's have an average particle size of 98 and 

134 nm with narrow size distribution and the antibacterial activity showed that the ZnO2 NP's 

shows inhibition zones against all type of bacteria that used in study and this indicate that the 

ZnO2 has antibacterial properties. 

 

  2.2    Antibacterial activity of synthesized zinc peroxide NP's:  

 

The antibacterial activity of the synthesized ZnO2 NP's was investigated against seven clinical 

multiple drug resistance pseudomonas aeruginosa strains using disc diffusion assays on Muller-

Hinton agar by (El-Shounya, et al, 2019), the bactericidal activity of ZnO2 -NPs against tested 

strains was exhibited, with inhibition against P. aeruginosa strain at a concentration of 300µg/m 

,the result of  ZnO2 -NPs exhibited a significant anti-biofilm activity by inhibiting bacterial 

biofilm formation and showed that the antimicrobial activities of ZnO2 – NPs increased with the 

increase of concentrations . 
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(Bergs ,2017) synthesized ultrasmall and uniform biofunctionalized glucose-1-phosphate 

(Glc1P)-coated ZnO2 NP's. Using a one-step reaction procedure, and investigated the 

antimicrobial activity of ZnO2 against anaerobic bacteria such as Enterococcus faecalis, 

Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis and Prevotella intermedia, 

the result showed that the ZnO2 NP's have tunable sizes (between 4.0 nm and 9.4 nm) depending 

on different reaction time and initial coated concentration. The antimicrobial tests performed 

with four bacterial species exhibiting variation on inhibition to bacteria due to the different 

susceptibility to oxygen cornered the antimicrobial activity of ZnO2 nanoparticles. 

The antimicrobial activity of zinc oxide against various bacterial and fungal strains was 

investigated by (Pasquet, et al, 2014), the study aimed to evaluation of the contribution of the 

soluble zinc species to the antimicrobial activity of ZnO on microbial cultures. The 

antimicrobial activities against the five microorganisms of the challenge tests were measured, 

the results show that the Zn2+ released in the broth brought about a significant contribution to 

the overall antimicrobial activity of ZnO. This led to a better antimicrobial efficacy of ZnO 

powders. 

Furthermore, (Ali, et al, 2017) synthesized ZnO2 NPs by used co-precipitation method, the 

synthesized ZnO2 -NPs were characterized by XRD, FTIR, TEM, TGA, DSC, and UV-vis 

spectroscopy. The antimicrobial activity of ZnO2 -NPs was determined against MDR 

Pseudomonas aeruginosa (PA) and Aspergillus niger (AN) strains isolated from burn wound 

infections. The characterization techniques revealed that the synthesis ZnO2 -NPs of non-

agglomerated having sizes in the range of 15–25 nm. The result, showed both strains, PA6 and 

AN4, were found to be more susceptible strains to ZnO2 -NPs and in the end, they found that 

the synthesized ZnO2 -NPs have demonstrated a competitive capability as antimicrobial, anti-

elastase, anti-keratinase, and anti-inflammatory candidates. 
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  2.3    Metal oxides nanocomposite: 

(Anžlovar, et al, 2019) prepared composites of polyolefin matrices (HDPE and PP) with 

nanosized ZnO powders by melt processing and they studied the mechanical, thermal properties 

and antibacterial activity of composites against Staphylococcus aureus and Escherichia coli. The 

result showed that the zinc oxide nanoparticle (modified and nonmodified) does not enhance the 

mechanical properties of HDPE composites, while PP composites show slight enhancement in 

young modulus and tensile strength. The thermal properties revealed only a small effect of 

adding zinc oxide nanoparticles on the degree of crystallinity of these composites. The 

antibacterial tests show a high activity of polyolefin/ZnO composites against Staphylococcus 

aureus, while antibacterial activity against Escherichia coli shows only the composites prepared 

with unmodified ZnO. 

In addition, (Golchha, et al, 2018) prepared thin films of low-density polyethylene with zinc 

oxide nanoparticles using solution casting technique at different concentration of ZnO 

nanoparticles (0, 0.5, 1, 3 and 5 wt. %) filler, the thin film composites were analyzed by XRD, 

SEM and FTIR. XRD confirms the presence of crystalline metal oxide within the polymer 

matrix, and absence of any extra peak in the pattern shows there is no new phase formation. The 

SEM images showed that the dispersion of ZnO NPs particles was relatively good and uniformly 

dispersed throughout the entire polymer matrix. Fourier Transform Infrared result indicates that 

there is no chemical bonding between the ZnO and LDPE. There is even no significant shift in 

the characteristic transmittance peaks indicating that LDPE did not have strong interaction with 

ZnO. 

Another study discovered the influence of ZnO nanoparticle content on the morphology, 

mechanical properties, chemical structure, photocatalytic activity, and antibacterial properties 

of composite, the results showed that the morphological images by the SEM showed that the 

ZnO nanoparticles were well distributed in the PP matrix and the mechanical properties and 

chemical structures before and after sunlight exposure found that at the shortest exposure time, 

crosslinks could occur in the nanocomposites, which resulted in improved mechanical 

properties, but exposed for long time period caused a reduction in the mechanical properties, 
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the result of antibacterial tests indicated that the nanocomposites had better antibacterial 

properties than neat PP. (Prasert, et al, 2020) 

The antibacterial activity and mechanical properties of high-density polyethylene (HDPE) 

composites containing ZnO nanoparticles were investigated by (Li, S.C, et al 2010), the 

composite films were prepared via melt blending and a hot compression-molding process, the 

results of study showed that the tensile strength improved when the HDPE films contain 

modified ZnO nanoparticles up to 0.5 wt % in contrast with the original nano-ZnO/HDPE 

composite films. The results of antibacterial test indicate that the HDPE films doped with 

modified ZnO nanoparticles showed favorable antibacterial activity, especially 

for Staphylococcus aureus. 

Furthermore, the morphological structures, thermal properties, and antibacterial properties of 

the nanocomposite were investigated as a function of ZnO concentration by (Seo, et al, 2011), 

the nanocomposite films were prepared via a solution blending method. It was found that poor 

dispersion was induced in the composite films with a high ZnO content while composite films 

with less than 5 wt % ZnO exhibited good dispersion of ZnO in the PPC matrix and the 

morphological results by SEM and FTIR revealed that the blending did not lead to a strong 

interaction between PPC and unmodified ZnO. The results of antimicrobial analysis showed 

that PPC/ZnO nanocomposite films also displayed a good inhibitory effect on the growth of 

bacteria against E. coli than toward Lactobacillus. 
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3.1 Materials  

Materials used to obtain composites and nanocomposites based on LDPE matrix with zinc 

peroxide fillers are:  

3.1.1 Low density polyethylene 

 

Low density polyethylene (Ipethene 670, Carmel Olefins). It's considered to be a thermoplastic 

made from the monomer ethylene. It's used in many applications due to the numerous properties 

that make them superior to other materials in many applications. (Koerner and Koerner, 2018) 

LDPE prepared by from the polymerization of ethylene (or ethene) monomer as shown in figure 

(3.1). Polyethylene chemical formula is (C2H4)n. Polyethylene chains are produced via free 

radical polymerization process. Two basic processes used for the production of low-density 

polyethylene: stirred autoclave or tubular routes. (Ebewele, 2000) 

 

 

Figure (3.1): Low density polyethylene structure and ethylene monomer. 
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LDPE which was used in this study shown in figure (3.2), it is a soft, flexible, lightweight plastic 

material with no additives, good moisture barrier, with physical and thermal properties as shown 

in table (3.1). 

Table (3.1): Properties of used low-density polyethylene 

Properties Method Typical value with unit 

   

Physical Properties   

Density ISO 1183-A 0.917 g/cm3 

Melt flow index ISO 1133 7.5 g/10 min 

Hardness  ISO 868 /'D' Scale 45 

Thermal properties   

Melting Temperature ISO 11357-3/by DSC 107 oC 

 

 

Figure (3.2): LDPE pellets obtained from the Materials Engineering faculty, Al-Quds University. 
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3.1.2 Xylene  

Xylene (98.5%, Aldrich) is organic compound with the formula (CH3)2C6H4. It's using as 

solvent for LDPE, it's obtained from the Materials Engineering department store, Al-Quds 

University. Xylene derived from the substitution of two hydrogen atoms with methyl groups in 

a benzene ring; which hydrogens are substituted determines which of three structural isomers 

results as shown in figure (3.3). 

 

Figure (3.3): Three structural of xylene, A:1,2-dimethylebenzene (Ortho-xylene), B: 1,3-

dimethylebenzene(meta-xylene) and C: 1,4-dimethylebenzene(para-xylene) 

Xylene is a colorless, flammable, non-viscous, toxic liquid and its properties shown in table 

(3.2). 

Table (3.2): Properties of used xylene. 

Properties Specification 

Assay Total of C8H10 isomers 98.5% min 

Xylene formula C8H10 

IUPAC name  Dimethylbenzene 

Molecular Weight 106.17 g/mol 

Density 0.865 g/mL 

Boiling Point 136-140 °C 

Melting Point -34 °C 
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3.1.3 Zinc peroxide  

Zinc peroxide (ZnO2, Aldrich) is a light, white, slightly irritative, pungent, astringent, 

bacteriostatic powder. Unstable in water suspensions, it readily loses part of its oxygen. For this 

study, ZnO2 used as fillers in LDPE composite for improving polymer properties, it's obtained 

from the materials Engineering faculty store, Al-Quds University. 

 

Figure (3.4): Zinc peroxide structure. (Escobedo-Morales, et al, 2011) 

ZnO2 used as a bleaching and curing agent, additive to antiseptic ointments. It can be prepared 

by reacting ZnO or zinc acetate with hydrogen peroxide. (https://www.worldofchemicals.com/ 

chemical-properties/zinc peroxide.html, 08-10-2022). It has cubic crystalline structure (Bocharov, 

et al, 2022) and its properties shown in table (3.3).  

Table (3.3): Zinc peroxide used properties. 

Properties Specification 

Assay 50-60% 

Synonym(s) : Zinc dioxide 

Chemical formula ZnO2 

Form/Appearance Powder/ white-yellowish 

Molar mass 97.408 g/mol 

Density 1.57 g/cm3 at 25 °C  

Decomposition temperature 212 °C  
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3.1.4 Zinc peroxide nanoparticles.  

 

Materials used for the synthesized of zinc peroxide nanoparticles are: 

3.1.4.1 Zinc acetate dihydrate  

 

Zinc acetate dihydrate (99-102 %, Aldrich) is a zinc salt of acetic acid, with the formula 

(C4H6O4Zn.2H2O) both the hydrate and the anhydrous forms are colorless solids. It's used as 

precursor to plays an important role in the synthesis of ZnO2, when synthesized ZnO2 NP's, it is 

considered as a source of zinc. 

 

 

Figure (3.5): Zinc Acetate Dihydrate structure. 

For synthesized ZnO2 NP's, zinc acetate dihydrate obtained from the materials engineering 

faculty store, Al-Quds University. Some of properties shown in table (3.4). 

Table (3.4): Zinc acetate dihydrate properties. 

Properties Specification 

Assay 99.5-101.0% 

Chemical formula (C4H6O4Zn.2H2O) (dihydrate) 

Molar mass 219.51 g/mol (dihydrate) 

Melting point Decomposes at 237 °C 

Appearance White solid (all forms) 

Density 1.74 g/cm3 at 20 °C (dihydrate) 
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3.1.4.2 Hydrogen peroxide  

Hydrogen peroxide (30%, Aldrich) is a chemical compound with the formula H2O2. In its pure 

form, it is a pale blue to translucent liquid, slightly more viscous than water. It's acts as 

a bleaching agent and is also used as a disinfectant. (Ahmad, et al, 2020) In this study it's used 

as an oxidizing agent for synthesized of ZnO2 NP's according the following chemical reactions: 

Zn(CH3COO)2. 2H₂O + H2O2 → ZnO2 + 2CH3COOH 

 

Figure (3.6): Hydrogen peroxide structure. 

Hydrogen peroxide is the simplest kind of peroxide available (oxygen-oxygen single bond). It's 

in both acidic and basic medium acts as an oxidizing as well as a reducing agent. (Ahmad, et al, 

2020) Some of properties shown in table (3.5). 

Table (3.5): Hydrogen peroxide properties. 

Properties Specification 

Assay 30% 

Chemical formula H2O2 

pH ≤3.5 (20 °C in H2O) 

Decomposition Temperature > 100 °C 

Appearance liquid colorless 

Density 1,11 g/cm3 at 20 °C 
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3.1.4.3 Polyethyleneimine  

Polyethylenimine (50%, Aldrich) is a highly positive charged polymer with repeating units 

composed of the amine group and two carbon aliphatic CH2CH2 made by ring opening 

polymerization of aziridine. PEI is an organic polymer which can be linear or branched, the 

linear form contains only primary amines in the backbone whereas branched PEI also contains 

secondary and tertiary amines. (Jager, et al, 2012) 

In this study PEI, with high cationic charge density, it's used as capping agent to synthesized 

PEI-functionalized ZnO2 nanoparticles. 

 

Figure (3.7): Repeating unit of liner and branched Polyethylenimine.  

(http://polymerdatabase.com/Polymer/Polyethyleneimine,12/11/2022) 

 

PEI that used in the study it's a Solution 50 % in water, viscous liquid with colorless to very 

light green-yellow. Some of properties shown in table (3.6). 

Table (3.6): Properties of Polyethyleneimine. 

Properties Specification 

Synonym(s) Ethyleneimine polymer solution, PEI 

Appearance (Form) Liquid or Viscous Liquid 

Concentration ~50% in H2O 

Molecular weight 600,000-1,000,000 

Viscosity 18 – 40 Pas 



 

- 31 - 
 

3.2 Preparation of Samples 

3.2.1 Synthesis of zinc peroxide nanoparticles: 

In this part of the study, ZnO2 nanoparticles were synthesized by three methods as showed in 

table (3.7) using the same materials that mentioned. One of the methods is refluxing, it was used 

PEI as capping agent to control the aggregation of nanoparticles and the second methods without 

used capping agent while the last one by sol-gel method. One of these methods were chosen for 

prepared nanocomposite for several reasons that were mentioned in our study. 

Table (3.7): Synthesized ZnO2 nanoparticles codes for method used. 

The nanosized ZnO2 of all the methods were characterized by SEM, DSC, XRD, FTIR. The 

formation of ZnO2 nanoparticles was confirmed through visual assessment due to the white 

color and further confirmed throughout the characterization.  

ZnO2 -NPs was synthesized in a procedure by reaction of zinc acetate with hydrogen peroxide: 

Zn (CH3COO)2. 2H₂O + H2O2 → ZnO2 + 2CH3COOH 

According to (Escobedo-Morales, et al, 2011) study, it is proposed that the formation 

mechanism of the grown ZnO2 nanoparticles is by the following chemical reactions:  

Zn (CH3COO)2 .2 H2O → Zn2+ + 2 (CH3COO)- + 2 H2O       (1) 

CH3COO- + H2O → CH3COOH + OH-                                   (2) 

Zn2+ + 2 OH- → Zn (OH)2                                                       (3) 

Zn (OH)2 + H2O2 → ZnO2 + 2 H2O                                        (4) 

2 H2O2 → 2 H2O + O2                                                             (5) 

 

 

ZnO2 NP's method Sample codes Used of capping agent  Reaction Temperature 

Refluxing A1   × 150 oC 

Refluxing A2      🗸 PEI 150 oC 

Sol-gel B × 80 oC 
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3.2.1.1 Synthesis of zinc peroxide NP's by refluxing method. 

 

a) By using capping agent PEI:  

ZnO2 -NPs was synthesized in a procedure by using refluxing as shown in figure (3.8), ZnO2 

was synthesized using the following analytical grade chemicals without further purification:  

• Zinc acetate dihydrate (Zn [CH3COO]2 ⋅2H2O). 

•  Hydrogen peroxide (H2O2; sol 30%). 

•  Distilled water. 

• Polyethyleneimine (PEI; sol 50%). 

The ZnO2 nanoparticles were synthesized by refluxing; for this purpose, a precursor solution 

was prepared by using 5 mL of concentrated H2O2 30% added to 50 ml distilled water under 

magnetic stirring for 5 min. Elsewhere 50 ml of 5 % of PEI was prepared by used hot distilled 

water. Then, 1 g of zinc acetate (99.9%) was dissolved in prepared PEI solution by magnetic 

stirring for 5 min until a homogeneous solution is obtained, subsequently in rounded bottom 

flask a precursor solution was added to the PEI solution and refluxing in heat mental at 150 oC 

for 24 hours and a white precipitate was produced. This precipitate was then centrifuged at 4900 

rpm for 10 minutes, then the precipitate was washed repeatedly by distilled water. The 

precipitate was dried at 60 oC in oven to obtain dry fine powder. 

 

Figure (3.8): Synthesized of zinc peroxide NP's by refluxing. 
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b) Without using capping agent.  

Nanometer-sized ZnO2 nanoparticles were synthesized using the following analytical grade 

chemicals without further purification: 

• Zinc acetate dihydrate (Zn [CH3COO]2 ⋅2H2O). 

•  Hydrogen peroxide (H2O2; sol 30%). 

•  Distilled water. 

For the refluxing reaction process, 5 mL of 30% hydrogen peroxide (H2O2) aqueous solution 

was diluted with 50 mL of deionized water under magnetic stirring for 5 min then 1 g of zinc 

acetate dihydrate (99.9%) was dissolved in the H2O2 solution with stirring for another 5 min. 

Then the mixture reflux in rounded bottom flask in heat mental at 150 oC for 24 hours and a 

white precipitate was produced. This precipitate was then centrifuged at 4900 rpm for 10 min, 

then the precipitate was washed repeatedly by distilled water. The precipitate was dried at 60 oC 

in oven to obtain dry fine powder. 

3.2.1.2 Synthesis of zinc peroxide by a sol-gel method. 

The ZnO2 nanoparticles were synthesized through sol-gel method in an almost similar way 

according to Colonia study (Colonia, et al, 2013), the following chemicals were purchased and 

used without further purification: 

• Zinc acetate dihydrate (Zn [CH3COO]2 ⋅2H2O). 

•  Hydrogen peroxide (H2O2; sol 30%). 

•  Distilled water 

In a typical synthesis of ZnO2 nanoparticles 5 mL of 30% hydrogen peroxide (H2O2) aqueous 

solution was diluted with 50 mL of deionized water under magnetic stirring for 5 min then 1 g 

of zinc acetate dihydrate (99.9%) was dissolved in the H2O2 solution with stirring for another 5 

min. Then the mixture sonication in ultra-water bath at 80 oC for 24 hours, after this stage it was 

observed that the appearance of the solution progressively turns from translucent to cloudy 

white. Finally, the solution was cooled freely to room temperature; then the solid material was 

extracted by centrifuged at 4900 rpm for 10 min and washed several times with deionized water 

and the precipitate was dried to obtain dry fine powder. 
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3.2.2 Preparation of LDPE/ZnO2 composite and nanocomposite. 

Different compositions of LDPE/ZnO2 composite and nanocomposite as show in table (3.8), 

were prepared by using solution – cast technique (Golchha, et al, 2018). LDPE and xylene 

charged into a 500 ml round bottom flask. The mixture was refluxed at approximately 100 oC 

for 2 h. After the reflux process was completed, a hot transparent viscous solution was obtained, 

then ZnO2 powder was added to the solution to dispersed it with continuous stirring for 1 hour 

at the same temperature. 

Table (3.8): Composite materials based on zinc peroxide / low density polyethylene codes of material 

used. 

Sample code %wt. of LDPE %wt. of ZnO2 %wt. of nano ZnO2 

PE 100 0 -- 

PEC1 99 1 -- 

PEC3 97 3 -- 

PEC5 95 5 -- 

PEN0.5 99.5 -- 0.5 

PEN1 99 -- 1 

PEN1.5 98.5 -- 1.5 

PEN3 97 -- 3 

PEN5 95 -- 5 

 

To avoid agglomeration, the mixed solution was cast into a glass beaker with magnetic stirring 

which exists in a water bath at room temperature to immobilize ZnO2 filler and nanofillers 

immediately following the heating process. Afterward, the solidified organic phase system was 

evaporated at room temperature in the fume hood for 48 h to evaporated xylene. After the 

solvent was completely removed, the composite was extracted from the beaker, and injected by 

industrial plastic center machine to give dogbone samples for both composites and 

nanocomposite then stored at room temperature for further study as shown in figure (3.9). 
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Figure (3.9): Steps of Preparation of LDPE/ZnO2 composite and nanocomposite. 

The industrial plastic center machine temperature was to set at 160 oC and the temperature of 

die is 165 oC and the composite was placed in the barrel for 10 minutes to melt and then injected 

into the mold with pressure 7 bar and then it was cooled. Six of the dogbone shape for each 

concentration for both composites and nanocomposite as shown in figure (3.10) were prepared 

for test, then the samples were characterized using DSC, SEM, UTM and antibacterial test.  

 

Figure (3.10): Dogbone samples of each concentration for tests. 
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3.3 Experimental methods. 

3.3.1 X-Ray diffraction. 

XRD is one of the most important and useful characterization tools used to reveal the 

crystallographic structure and chemical composition of solid-state crystalline material. The 

constituent (atoms, ion or molecules) of a solid crystalline material can form a regular three-

dimensional arrangement or array of particles in space called crystal lattice or space lattice, so 

each crystal structure when exposed to x rays, form a characteristic pattern that can be used as 

a fingerprint for identifying the material. Hence, applying XRD can be source of information 

about lattice parameter, phase identify, phase purity, crystallinity and crystal structure 

(determine how the atoms pack together in the crystalline state). (Ghatage and Kanitkar, 2019) 

ZnO2 NP's were characterized by XRD (Bruker AXS, Karlsruhe, Germany). The 2θ values were 

set in the range of 6°–90°. Peaks on the X-ray patterns recorded for the sample were compared 

with standard XRD pattern of ZnO2. The mean crystallite size was calculated using the Scherer 

equation by XRD software.  

3.3.2 Scanning Electron Microscopy. 

SEM is a type of electron microscope that images the sample surface by scanning it with a high-

energy beam of electrons in a raster scan pattern. The electrons interact with the atoms that make 

up the sample producing signals that contain information about the sample's surface topography, 

composition and other properties. A scanning electron beam impinges upon the specimen 

surface; the signals are detected, amplified and modulated in cathode ray tube. These reflected 

signals are collected and constructed to form an image. The magnification of this image that 

appears on the screen is the ratio of a distance on the screen and the corresponding distance on 

the specimen. (Akhtar, et al, 2018) 

In this study surface morphology and size of nanoparticles were examined via SEM (HRSEM, 

Sirion 200, FEI). The sizes were determined by measuring diameters of nanoparticles and 

calculating average size of the NP's by using (J image, 2015) software. 

 



 

- 37 - 
 

The normal distribution was used to obtain an estimate of the number average radius (Rn) and 

the volume average radius (Rv) according to equation 1 and 2 respective:  

𝑅𝑛 =
∑(𝑁𝑣)𝑖 𝑅𝑖

∑(𝑁𝑣)𝑖 
                                                    (3.1) 

𝑅𝑛 =
∑(𝑁𝑣)𝑖 𝑅𝑖4

∑(𝑁𝑣)𝑖 𝑅𝑖3
                                                    (3.2) 

Where (Nv)i is the number of particles having radius Ri, Also, the size polydispersity (D) was 

characterized by, 

                                                  𝐷 =
𝑅𝑣

𝑅𝑛
                                                                     (3.3) 

 

3.3.3 Fourier-Transform Infrared Spectroscopy (FTIR). 

FTIR is the most useful technique for identifying chemical interaction, it can analyze solid, 

liquids and gases. It's a powerful tool to identify types of chemical bonds (functional groups). 

The wavelength of light absorbed is characteristics of the chemical bond, the chemical bonds in 

molecule can be determined by interpreting the infrared absorption spectrum.  (Baudot, et al, 

2010) 

In this study the binding vibrations of ZnO2 nanoparticles were examined via FTIR 

Spectrometer Tensor II from Bruker at Pharmacy  lab in al-Quds university as shown in figure 

(3.11). The spectrum of the nanoparticle was obtained with in the wave number range 500 cm−1 

to 4000 cm−1. Usually approximately 100 mg of powder sample was used. 

 

Figure (3.11): FTIR at Pharmacy laboratory at Al-Quds University-East Jerusalem. 
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3.3.4 Differential Scanning Calorimetry. 

DSC is a thermodynamic technique that measure the difference in the amount of heat in which 

it is based on raising the temperature of a sample with respect to a reference as a function of 

time. When the sample undergoes a physical transformation such as phase transition, more or 

less heat will need to flow to it than the reference to maintain both at the same temperature. 

Whether less or more heat must flow to the sample depends on whether the process is exothermic 

or endothermic. (Koshy, et al, 2017) 

Thermal behavior of synthetized ZnO2 and LDPE/ZnO2 composites and nanocomposite were 

analyzed using Jade DSC from Perkin Elmer with accuracy/ precision ± 2% / ± 0.1%, at the 

nanotechnology lab in al-Quds university as shown in figure (3.13). It's measuring the 

temperatures and heat flows associated with transitions in composite and nanocomposite as a 

function of time and temperature in a controlled atmosphere at a heating rate of 10°C/min under 

a nitrogen gas pressure 20ml/min at temperature range 25 to 300 oC. 

DSC is widely used to get information about glass transition temperature (Tg), melting point 

(Tm), crystallization temperature (Tc), the heat of crystallization (ΔHc), the heat of melting (ΔHf) 

during the cure reactions or decomposition reactions as shown in figure (3.12). It is possible to 

calculate degree of crystallinity (Xc) and it defines as the degree of long-range order in a 

material, and strongly affects its properties. The more crystalline a polymer, the more regularly 

aligned its chains. (Schick, 2009) 

 

Figure (3.12): Differential Scanning Calorimetry peak analysis. 
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Figure (3.13): Differential scanning calorimeter at the nanotechnology research laboratory at Al-Quds 

University-East Jerusalem. 

In this study the method for determining the degree of crystallinity of a composite and 

nanocomposite is shown in following equation 

 

where ΔHm is the enthalpy of the final melting,  is the weight fraction of additives in the 

composites, ΔHcc is the enthalpy of crystallization, its value is negligible (in case crystallization 

peak is absent) and ΔHf
o = 288.0 J/g is the heat of fusion of a completely crystalline LDPE. 

(Mirabella FM, et al 2002) 

In our study, the prepared composites and nanocomposite sample were cut and weighted in 

milligrams (5 mg) and placed in aluminum pan (tray and a lid) then the samples within tray and 

a lid was pressed by used the crimper and load into the DSC machine as shown in figure (3.14) 

and the nitrogen gas was entered the system., DSC machines use a reference pan as a comparison 

during DSC analysis  

 

Figure (3.14): Preparation of composite and nanocomposite samples for DSC. 

(Steinmann, W, et al. ,2013) 
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3.3.5 Tensile test  

LDPE/ ZnO2 composites and nanocomposites were prepared using solution casting method and 

the samples were formed to dog bone shape using industrial plastic center machine by Amatrol 

T9013-P at (Al-Quds-University) as shown in figure (3.15). The machine used for creating a 

product by forcing a material through a die to form a shape. 

 

Figure (3.15): Industrial plastic center machine amatrol T9013-p 

Six of the dog bone-shaped specimen with standard dimension was prepared to carry out tension 

test. All the specimens were loaded with the Universal Testing machine at (Al-Quds-University) 

with strain rate of 5 mm/min as specified by the American Society for testing and Materials 

ASTM D638-14 to determine each specimen’s tensile stress-strain relationship, two grips were 

fixed on each side of each dog bone specimen with a length of 60 mm as show in the following 

figure (3.16 B). 

 

Figure (3.16): A: Universal testing machine of polymer (tensile test) B: Tensile specimens during testing. 
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Tensile specimens were made by formed to IV ASTM D-638 type or dumbbell shape oriented 

parallel to the gate flow direction (MD), these specimens were defined in figure (3.17), sample 

dimension are: 

L :25mm, Wc:7mm, T:0.7mm, LO:115mm, D :60mm. 

 

Figure (3.17): Tensile bar dimensions type IV ASTM D638. 

The tensile properties of the composite and nanocomposite can be related to the characteristics 

of their stress-strain curve, after all the specimens were tested and determine each specimen’s 

tensile stress-strain relationship, The tensile strength, elastic modulus, yield strength, fracture 

strength and elongation at fracture were calculated according to American specification. 

 

     Tensile strength 

Ultimate tensile strength (UTS) is the maximum stress that a composite or nanocomposite 

specimen can withstand while being stretched or pulled before breaking, the highest point of the 

stress–strain curve is the ultimate tensile strength as show in figure (3.19). Tensile strengths 

expressed by the following equation: 

σmaximum =  
F (N)

      A (mm2)
                                                (3.5) 

Where: σ :Stress, F: Force (Newton( , A: Cross-sectional area (millimeter square). 

Tensile strengths have dimensions, which is measured as mentioned in equation as force per 

unit area, according to International System of Units (SI), the unit is the pascal (Pa) or 

furthermore megapascals (MPa), equivalently to pascals, Newtons per square meter (N/m2). 
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Elastic modulus 

An elastic modulus or modulus of elasticity is the unit of measurement of a specimen of 

nanocomposite or composite resistance to being deformed elastically when a stress is applied to 

it. The elastic modulus of an object is defined as the slope of its stress–strain curve in the elastic 

liner deformation region as shown in figure (3.19). 

𝐸𝑙𝑎𝑠𝑡𝑖𝑐 𝑚𝑜𝑑𝑢𝑙𝑢𝑠(𝐸) =
𝑆𝑡𝑟𝑒𝑠𝑠

𝑆𝑡𝑟𝑎𝑖𝑛
                                   (3.6) 

Where strain is the deformation or displacement of specimen that results from an applied stress: 

𝜀 =
∆𝑙

𝑙𝑜
=

𝑙𝑓−𝑙𝑜

𝑙𝑜
                                                    (3.7) 

Where ε = strain, Lf = length after load is applied (mm), L0 = original length (mm) 

 

Yield strength  

The yield point is the point in stress strain curve that indicate that the sample beginning of plastic 

behavior and the deformation will be permanent and non-reversible and is known as plastic 

deformation. So, the yield strength is the stress corresponding to the yield point at which the 

material begins to deform plastically as shown in figure (3.18). 

 

Figure (3.18): Yield Point and Yield strength 
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Elongation at fracture 

 

Elongation at fracture also called “fracture strain” or “elongation at break” is the percentage 

increase in length that material will achieve before breaking. Elongation at fracture is measured 

in percentage, is the strain at fracture, expressed as a percentage = ((final gage length – initial 

gage length)/ initial gage length) x 100. 

%𝐸𝑙 =
∆𝑙

𝑙𝑜
. 100                                                    (3.8) 

Where is, ∆L = the change in length (mm), L0 = original length (mm) 

 

Fracture strength  

 

Fracture strength is the ability of a material to resist failure so it's stress when a specimen fails 

or fractures, there are two types of failure mode: brittle and ductile materials respectively, failure 

involving fracture, the determination of the failure mode involves identifying how the crack 

initiated and how it subsequently extended. The final recorded point in the stress-strain curve is 

the fracture strength as shown in figure (3.19). 

 

 

Figure (3.19): Engineering stress-strain curve. 
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3.3.6 Antibacterial activity Test. 

3.3.6.1 Antibacterial test for composite and nanocomposite. 

In our study, the disc-diffusion test was used to determine antibacterial property of the 

composite and nanocomposite with different concentration of ZnO2 fillers, The antibacterial 

activity tested against aerobic bacteria such as Staphylococcus aureus (MRSA), Escherichia coli 

(E. coli) and Pseudomonas aeruginosa and against anerobic bacteria such as anerobic gram-

positive streptococcus and anaerobic gram-negative bacilli that introduced to the medium 

surface and analyzed the results of the test as shown in figure (3.20). 

In the disc-diffusion test, the different concentration of the fabricated composites and 

nanocomposite samples were placed on the bacteria growth medium to examine the antibacterial 

effect of the composite and nanocomposite.  The plates then placed in incubator and left for 24 

h at 37 °C for aerobic bacteria, but the anerobic bacteria the plates placed in CO2 jar to allow 

the growth of bacteria in the same condition. Then the diameter measured by a precise ruler and 

the growing magnitude report around samples and this is called zone of inhibition as shown in 

figure (3.20). (Kun & Marossy, 2012). 

 

Figure (3.20): Antimicrobial activity of composite and nanocomposite. 
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4.1     Physico-chemical Characterization  

4.1.1 X-ray Diffraction Analysis 

4.1.1.1 Zinc peroxide purchased material. 

XRD spectrum was used to examine the crystalline forms, known as phases of compound 

present in powder and solid samples. The XRD pattern of the sample of zinc peroxide (50-60%, 

Aldrich) that used to prepare composites were shown in the figure (4.1). It's constituted by 

crystallites of cubic-ZnO2 with space group Pa3- (no. 205) and crystallites of hexagonal-ZnO 

with space group P63mc (186) as shown in table (4.1), which indicates to zinc peroxide and zinc 

oxide content. The XRD analysis showed that the sample is a mixture and not a pure substance 

with concentration of 88.6% and 11.4% for ZnO2 and ZnO, respectively.   

 

Table (4.1): X-ray diffraction analysis data of zinc peroxide purchased.  

Material Crystal structure Concentration Space group 

Zinc peroxide 

purchased 

Cubic ZnO2 88.6% Pa-3 (205) 

Hexagonal ZnO 11.4% P63mc (186) 

 

 

            Figure (4.1): Experimental X-ray diffraction pattern of purchased zinc peroxide particles. 
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4.1.1.2 Synthesized zinc peroxide nanoparticles (ZnO2 NP's) 

The XRD pattern of the synthetized ZnO2 nanoparticles produced by sol-gel and refluxing (with 

and without capping agent) were shown in the figure (4.2). All the diffraction peaks of 

synthesized ZnO2 nanoparticles of the three methods were constituted by crystallites of cubic-

ZnO2 with space group Pa3- (no. 205) for sol-gel, reflux with and without of capping agent as 

shown in table (4.2). 

XRD pattern reveals strong XRD reflections at 2θ = 31.0o, 36.5o, 53.0o and 63.0o are with 

indexes to 111, 200, 220 and 311 respectively for all synthesized nanoparticles, and did not 

detect any impurity peak that revealed a pure single-phase structure that coincided with that of 

standard cubic ZnO2 crystal structure, suggesting the formation of ZnO2 nanoparticles with high 

crystal quality. (Hussein, et al, 2021) (Ali, et al, 2017) 

Table (4.2): X-Ray diffraction analysis data of synthetized zinc peroxide nanoparticles.  

Materials Crystal structure Space group Remark 

A1 Cubic Pa-3 (205) without PEI 

A2 Cubic Pa-3 (205) with PEI 

B Cubic Pa-3 (205) -- 

 

 

Figure (4.2): X-ray diffraction pattern of synthesized zinc peroxide nanoparticles. 
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4.1.2 Morphological Characterization  

4.1.2.1 Zinc peroxide purchased material . 

In order to study the morphology and size of the ZnO2 that used to prepare composites, SEM 

was used. Figures (4.3) showed the SEM images of the ZnO2. The SEM images showed that the 

size and morphology of particles cannot be precisely determined from these images, it is 

possible to see agglomerated and the particles not in a dispersed manner with a size outside the 

nanometer range. 

 

(Scale bar 2 μm). 

 

(Scale bar 1 μm) 

Figures (4.3): SEM images of the purchased zinc peroxide particles. 
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4.1.2.2 Synthetized zinc peroxide nanoparticles (ZnO2 NP's) 

The nanoparticle sizes and morphologies were determined via SEM images of the ZnO2 NP's 

that produced by sol-gel and reflux with and without capping agent. Figures (4.4, 4.5, and 

4.6) shows the SEM images of the ZnO2-NP's prepared by three different methods as mentioned.  

The SEM shows that the ZnO2-NPs for the three sample have grown in a near- spherical shape 

nanoparticles with a range of nanometer diameter which demonstrates the good quality of the 

ZnO2-NPs. The SEM image reveals that the observed particles are smaller crystals and well 

dispersed in the powder form with small number of nanoaggregates. 

   

Figure (4.4): SEM images of the ZnO2 nanoparticles by reflux method without PEI, (Scale bar 500 nm). 

   

Figure (4.5): SEM images of the ZnO2 nanoparticles by reflux method with PEI. (Scale bar 500 nm). 



 

- 50 - 
 

 

Figure (4.6) SEM images of the ZnO2 nanoparticles by Sol-gel method. (Scale bar 500 nm). 

As it is confirmed by the SEM images of ZnO2 nanoparticles as showed in (Fig. 4.4 to 4.6), the 

particles size of all the method is in nanoscale which was implied by achieving such fine and 

small sizes with relatively few aggregations, a satisfying result was gained.  

The average measured size and the size distribution of synthesized nanoparticles showed in 

Table (4.3) , the ZnO2-NPs made by the sol-gel method is about 55 nm with polydispersity equal 

to 1.11 and the average particle sizes of the ZnO2-NPs made by the reflux method using the 

capping agent is about 48 nm with polydispersity equal to 0.77 indicate that the sample has a 

narrow particle size distribution and the nanoparticles synthesized by reflux method without 

using capping agent give average particle size 82 nm with polydispersity equal to 1.33.  

Table (4.3): Characteristic parameter of ZnO2 NP's obtained from analysis of their SEM micrograph. 

 

 

 

Materials Average Size of NP's(nm) Rn (nm) Rv (nm) Polydispersity (PDI) 

A1 81.50 40.70 54.30 1.33 

A2 47.50 23.70 18.30 0.77 

B 54.80 27.40 30.50 1.11 
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The term of polydispersity index is used to describe the degree of non-uniformity of a size 

distribution of particles, PDI values bigger than 0.7 indicate that the sample has a very broad 

particle size distribution. (Bera, et al, 2015) The size histograms of the ZnO2-NPs of the samples 

are shown in figure (4.7), The size distribution and nanoparticle diameter size were determined 

by counting the grains and crystals with an (J image,2015) software processing.  

 

 

 

Figure (4.7): Particle size histograms obtained from image analysis of the SEM micrograph, where A1: 

reflux without PEI, A2: reflux with PEI and B: sol-gel method. 

 

Table (4.4) shows the three methods for synthesized ZnO2 nanoparticles and their percentage 

yield of reaction, as it was mentioned previously one of the methods used capping agent to 

enhance their properties such as stability and inhibit uncontrolled or over-growth of 

nanoparticles and controls physico-chemical characteristics in a precise way. (Javed, et al, 2020) 
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 Table (4.4): Characteristic parameter of ZnO2 NP's and their percentage yields of reactions. 

The variation of size of different synthesis method is related to several reason such as reaction 

temperature, concentration of reactants, time of reaction, and using of capping agent. (Shaba, et 

al, 2021) The more uniform distributions and smaller nanoparticle sizes were obtained when 

capping agent polyethyleneimine was used in comparison to the methods that do not use the 

capping agent. This finding because the role of capping agent centered on the prevention of 

agglomeration and control particle size. (Restrepo, et al, 2021)  

According to (Javed, et al, 2016) and (Ibrahim, et al, 2017), the antibacterial activities of 

nanoparticles depicted a significant change possessed by capped nanoparticles as compared to 

the uncapped nanoparticles as a result of the effect of capping agent on the growth of bacteria. 

Many literatures support the positive effects of capping agent on the antimicrobial potential of 

nanoparticles. (Nithya, et al, 2015) (Javed, et al, 2017) For this study the method that used 

polyethyleneimine as capping agent was excluded due to the external effect of capping agent in 

the bacteria growth and not being used in nanocomposite materials applications for this study.  

As previously shown in table (4.4), sol-gel method with average size 54.80 nm that did not use 

polyethyleneimine was excluded due to the low percentage yield compared to other methods. 

The lower percentage yields means that not much of the reactants that used has become products 

or there are incomplete reactions, this may be attributed to lower temperature of reaction that 

decrease the rate of reaction compare with other methods. The reflux method without PEI with 

average size of 81.50 nm was selected in the applications of nanocomposite materials for this 

study, because it has the good percentage yield compared to other methods and there is no 

external influence such as capping agent that affects its properties when distributed within the 

matrix. 

 

Materials Av Size of NP's(nm) % Yield of reaction Using of capping agent  

A1 81.50 09.7 % × 

A2 47.50 10.9 %         🗸 PEI 

B 54.80 05.6 % × 
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4.1.2.3 Composite and Nanocomposite  

In order to evaluate the dispersion and distribution of ZnO2 and ZnO2 NP's within the composite 

and nanocomposite, the morphological structure of the LDPE/ ZnO2 composite and 

nanocomposite were investigated via SEM. Figure (4.8) are SEM micrograph images taken from 

the surfaces of the virgin low-density polyethylene without any of ZnO2 filler, the surface area 

appears smooth and clear. 

  

 

(Scale bar 1 μm) 

Figure (4.8): SEM micrographs from the surface of pure LDPE prepared by solution method. 
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Figures (4.9, 4.10 and 4.11) show the morphological structure of LDPE/ ZnO2 composite 

materials with different concentration of ZnO2, comparing with the micrographs of pure LDPE, 

there are some of bright spots on the surface of composite, which indicate that ZnO2 particles 

and it's embedded in the matrices of the composite. The ZnO2 particles in polyethylene matrix 

with concentration of 1 % were present in smaller clusters and agglomerates with the size up to 

5 μm and a little distribution can be seen in the upper right corner.  While the ZnO2 fillers with 

3 % concentration do not appear clearly on the surface of composite. And the micrograph of 

composite with 5 % concentration shows a distribution of ZnO2 in the LDPE matrix with little 

signs of agglomerates.  

 

(Scale bar 2 μm) 

 

(Scale bar 5 μm) 

Figure (4.9): SEM micrographs from the surface of the LDPE composite with 1% concentration of 

ZnO2 particles. 
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(Scale bar 5 μm). 

Figure (4.10): SEM micrographs from the surface of the LDPE composite with 3% concentration of 

ZnO2 particles. 

   

(Scale bar 5 μm). 

Figure (4.11): SEM micrographs from the surface of the LDPE composite with 5% concentration of 

ZnO2 particles. 
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Figures (4.12 to 4.16) shows the morphological structure of LDPE/ ZnO2 nanocomposite 

materials, one of the main challenges in nanocomposites was to achieve an even distribution of 

nanoparticles that dispersion in the LDPE, a higher concentration of fillers causes a poor 

distribution with high number of particles in some areas and lower number of particles in another 

area. (Kim, et al,2007) (Pallon, 2016) 

The SEM micrograph shows that the nanoparticles well distributed within the whole polymer 

matrix. The micrograph of the nanocomposite with ZnO2 nanoparticles filler showed distinct 

dispersion behavior as that of the composite containing the ZnO2 filler, On the other hand the 

nanocomposite showed not only smaller particles fillers than the composites that containing 

ZnO2 filler but it also proved to be better dispersed in the LDPE matrix. Smaller agglomeration 

was present in some micrograph, and this affects the properties of the nanocomposite but in 

general, the micrographs show that the nanoparticles distributed better than composite samples. 

At a high concentration of nanoparticles (5%), it appears that the nanoparticles covered the 

surface significantly as a result of the huge number of nanoparticles, which is considered as a 

very high concentration compared to ZnO2 particle within composite. 

 

Scale Bar (1 μm) 

Figure (4.12): SEM micrographs from the surface of the LDPE nanocomposite with 0.5% 

concentration of ZnO2 NP's. 
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Scale Bar (1 μm) 

 

Scale Bar (200 nm) 

Figure (4.13): SEM micrographs from the surface of the LDPE nanocomposite with 1% concentration 

of ZnO2 NP's. 
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Scale Bar (1 μm) 

  

Scale Bar (200 nm) 

Figure (4.14): SEM micrographs from the surface of the LDPE nanocomposite with 1.5% 

concentration of ZnO2 NP's. 
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Scale Bar (200 nm) 

  

Scale Bar (400 nm) 

Figure (4.15): SEM micrographs from the surface of the LDPE nanocomposite with 3% concentration 

of ZnO2 NP's. 
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Scale Bar (10 μm) 

  

Scale Bar (1 μm) 

Figure (4.16): SEM micrographs from the surface of the LDPE nanocomposite with 5% concentration 

of ZnO2 NP's. 
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4.1.3 Fourier-transform infrared spectroscopy analysis  

4.1.3.1 Synthesized zinc peroxide nanoparticles (ZnO2 NP's) 

The FT-IR is the powerful technique based on vibrational spectroscopy for the analysis of 

structure of compounds which allows the identification and determination of functional groups 

present. (Shameer, et al, 2019) The FTIR spectrum of synthetized ZnO2 nanoparticles that 

produced by reflux with and without PEI and sol-gel is shown in figure (4.17). 

 

Figure (4.17): Fourier-transform infrared spectrum of the synthetized ZnO2 -NPs.  

The spectrum of the all- ZnO2 samples that synthesized revealed almost similar absorption 

characteristic infrared absorption. A broad absorption peak is present in all the figures at 3404 

cm-, 13388 cm-1, 3434 cm-1 for A1, A2 and B respectively, which can be attributed to the 

characteristic absorption of hydroxyl groups (O–H) corresponds to characteristic stretches of 

the water molecule. And other peak located at 1584, 1592,1579 cm−1 are attributed to the 

stretching vibration of the O–H bond and the bending vibration of H–O–H from water 

molecules. (Escobedo Morales, et al, 2011) 
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The bands located at 1421, 1414, and 1418.8 cm-1 for A1, A2 and B respectively, could be 

assigned to the vibrational modes of O-O bands corresponding to the peroxide (O2) ions of ZnO2 

nanoparticles. Another sharp absorption bands of the synthesized ZnO2 are observed located 

around 650 cm−1 for all three samples method, which corresponds to Zn–O vibration. (Hussein, 

et al 2021) 

The FTIR peaks confirms presence of functional groups on the surface of ZnO2 and formation 

of ZnO2 nanoparticle FT-IR spectrum does not show any of absorption bands at 2924 and 2853 

cm-1 of stretching modes of C–H bonds or -COO groups of zinc acetate, suggesting the purity 

of synthetized ZnO2 nanoparticles from the reactants. (Aguilar, et al, 2011) Finally, the infrared 

band with wave number lower than 500 cm-1 is attributed to Zn–O bond; similar strong 

absorption band for three samples of synthesized ZnO2 has been already reported. (Cheng, Yan, 

et al 2009) 

4.2 Thermal Characterization 

4.2.1 Zinc peroxide purchased material. 

Figure (4.18) shows the obtained DSC thermograms of used ZnO2, the thermograms show 

exothermic peak at 208.27 °C that attributed to oxygen release during heating and 

decomposition of ZnO2 to ZnO according to the following chemical equation (Sebok, et al, 

2009). The decomposition temperature close to the data sheet of ZnO2 used powder which has 

a decomposition point 212 °C. 

𝟐 𝐙𝐧𝐎𝟐 → 𝟐𝐙𝐧𝐎 + 𝐎𝟐 

 

     Figure (4.18): Differential scanning calorimetric curve of used zinc peroxide. 
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4.2.2 Synthetized zinc peroxide nanoparticles  

DSC characterization was performed to the synthesized ZnO2 nanoparticles powder. Figures 

(4.19) shows the thermal analysis of the samples. The figure shows the thermal behavior of 

synthesized ZnO2-NPs by reflux with and without PEI, sol-gel, from room temperature 25 oC to 

300 oC.  

 

Figure (4.19): Differential scanning calorimetric curves of the synthetized ZnO2 

 

Based on the DSC thermograph, each sample show an exothermic peak at 238.03 °C, 230.80 °C 

and 235.20 °C for A1, A2 and B respectively as showed in table (4.5), which is attributed to 

oxygen release due to decomposition of ZnO2 molecules to ZnO and oxygen, according to the 

following chemical reaction equation:  

2 ZnO2 → 2ZnO + O2 

 

Table (4.5): Thermal properties of zinc peroxide obtained from differential scanning calorimetry. 

Sample Code Decomposition temperature (oC) Enthalpy (J/g) 

A1 238.03 51.62 

A2 230.80 787.15 

B 235.20 42.59 
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So thermal analysis revealed that the ZnO2 samples is stable up to the exothermic peak at 

mentioned temperatures for all the samples, after decomposition temperature the product was 

zinc oxide (ZnO) with hexagonal structure and remaining which is almost constant up to 300 oC 

and remains after cooling to ambient temperature. (Cheng, et al, 2009) 

Table (4.5) showed a little decrease of decomposition temperature was found for ZnO2 

nanoparticles that synthesized by refluxing with using polyethylenimine as capping agent and 

have the highest enthalpy value may be explained by the combustion reaction that takes place 

between the remaining agent matter of capping agent when oxygen is released due to the 

decomposition of ZnO2. The reason of lower decomposition temperature may be due to this 

method having lower size than other method, so the decomposition temperature exhibits a strong 

size-dependence for particle size because of nano scale material have a much larger surface area 

to volume ratio than bulk material, means the surface energy will be increased. (Schlexer, et al, 

2019) 
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4.2.3 Composite and Nanocomposite 

  

Figures (4.20 & 4.21) shows the DSC curves of composite and nanocomposite samples. These 

figures declare that all the investigated samples were heated twice from room temperature to 

130°C and subsequent cooling in nitrogen atmosphere for the first and second time, this step to 

remove the effect of residual solvents within the samples, and to eliminate any thermal history 

that the polymer may have gone through during its synthesis and post processing steps.  

It will be noted that all samples are characterized by % degree of crystallinity, enthalpy, melting 

temperature and crystallization temperature. The values for these transitions along with 

measured endotherms and exotherms are recorded in Tables (4.6 &4.7). It is worthy to find the 

area under the melting peaks to find heat of fusion which is an indication on the percentage of 

crystalline regions.  

 

Figure (4.20): DSC scans of composites where (A): Heating 1st scan, (B): Heating 2nd scan, (C): 

Cooling 1st scan and (D) Cooling 2nd scan. 
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Figure (4.21): DSC scans of nanocomposites where (A): Heating 1st scan, (B): Heating 2nd scan, (C): 

Cooling 1st scan and (D): Cooling 2nd scan. 
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The DSC scan in figure (4.20 & 4.21) shows an exothermic peak of all concentration of 

composite and nanocomposite that observed around 88-93°C, indicating an exothermic reaction 

caused by crystallization and endothermic peaks observed at around 105-108°C refers to an 

endothermic reaction caused by melting. Table (4.6) lists the melting temperature and 

crystallization temperature of the composite and nanocomposite based on the DSC scanning 

curves. 

Table (4.6): Melting and crystallization temperature as a function of zinc peroxide concentration obtain 

from DSC curves for composite and nanocomposite. 

 

The melting temperature of pure polyethylene without ZnO2 loading was 106.4 oC,105.2 oC for 

first and second scan, respectively. The results showed that there are slight variations between 

the melting temperature of different concentration of composite and nanocomposite samples, 

the possible reason is there no strong chemical or intermolecular bonding between polymer and 

ZnO2 that occurs, therefore melting temperature are not affected. While slight elevations 

compared to the pure LDPE sample are due to that ZnO2 filler may restrict the flow ability of 

low-density polyethylene molecules during the melting process. (Anzoyar, et al, 2019) 

Materials Melting Temperature (°C) Crystallization Temperature (°C) 

 
First scan Second scan First scan Second scan 

PE 
106.4 105.2 88.1 88.1 

PEC1 107.1 108.1 92.4 92.4 

PEC3 106.2 106.1 92.1 92.1 

PEC5 106.2 105.7 91.9 91.9 

PEN0.5 106.9 106.1 90.8 90.9 

PEN1 105.8 105.9 91.8 91.9 

PEN1.5 105.8 106.1 91.8 91.9 

PEN3 105.9 107.4 91.8 91.8 

PEN5 105.9 106.1 92.5 92.4 
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For the exothermic peak for crystallization temperature, it is obvious that the pure low-density 

polyethylene has lower crystallization temperature at 88.1 oC than all filled ZnO2 sample for 

composite and nanocomposite that exceed 90 oC. It is clear that the exothermic peaks shift to 

higher temperatures, which indicates that the crystallization rate of composite and 

nanocomposite have become faster due to the fact that the filler act as nucleating agent and the 

filler allow for polymer chain to rearrangement easily and speed in the crystallization process. 

Similar results have also been reported in the paper of wang. (Wang, et al, 2009) 

Table (4.7) shows the percentage degree of crystallinity and melting, cooling enthalpy for the 

first and second time by DSC for the composite and nanocomposites, the incorporation of filler 

is observed to have little effect on the enthalpy of fusion and degree of crystallinity. 

Table (4.7): DSC data analysis obtained from DSC scans for composite and nanocomposite. 

Crystallization happens in many stages in LDPE composites and nanocomposite. Nucleation 

considered as the first stage, where new small particles can be formed with new phase. 

Incorporation of some ZnO2 particle and nanoparticle to the pure polyethylene can change the 

percentage crystallization because of the change in the nucleating agents. 

 

 

Materials 

 

% Degree of Crystallinity 

(Xc)  

Enthalpy(J/g) 

For Heating For Cooling 

 First scan Second scan First scan Second scan First scan Second scan 

       

PE 20.2 17.9 58.2 51.8 55.7 55.7 

PEC1 20.2 18.8 57.7 53.2 55.8 56.1 

PEC3 23.3 21.1 65.1 58.8 59.8 59.6 

PEC5 19.2 16.7 52.5 45.6 47.2 47.2 

PEN0.5 20.6 18.9 58.9 54.3 51.7 50.9 

PEN1 21.6 20.2 61.5 57.5 48.8 48.9 

PEN1.5 21.8 21.1 61.9 59.9 56.3 56.2 

PEN3 23.2 24.1 64.8 67.2 60.3 60.3 

PEN5 23.3 25.4 63.7 69.6 57.1 57.7 



 

- 69 - 
 

For the composite the melting and cooling enthalpy of composite is increased even by adding 

small concentration of ZnO2 up to 3 %, and then decrease for high concentration of ZnO2 at 5%, 

as showed in table (4.7). The value of melting enthalpy is commonly used to calculate the degree 

of crystallinity, so the melting enthalpy change is an indicator of the variation in the degree of 

crystallinity and behaving similarly when the zinc peroxide concentration increase. 

Increasing in percentage of crystallinity of ZnO2 as showed in figure (4.22 a), it's could be to 

the addition of ZnO2 loading to the polyethylene composite leads to a reduced in mobility of the 

crystalline regions causes slow crystal formation and reduces the size of crystallites, hence 

results in an increase of the degree of crystallinity. (Tjong, et al, 2003) 

 

 

Figure (4.22): % Degree of crystallinity trend for: (a) Composite, (b) Nanocomposite. 

 

Figure (22 b) demonstrated that for the nanocomposite, the degree of crystallinity increased 

approximately as ZnO2 nanoparticles concentration increased. This can be explained by the fact 

that the nanoparticles act as nucleating agent and accelerate formation of crystalline, decrease 

spherulites dimensions and increase crystallinity. Many studies had indicated that nano filler 

could act as a nucleating agent. (Aswathy, et al, 2008) (Zaman, et al, 2012) 
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Figure (4.22 c) shows the different trend in percentage of crystallization between composite and 

nanocomposite. The degree of crystallization of nanocomposite relatively higher than 

composite. In nanocomposites, the loading level of 3% nano ZnO2 induced a high crystallinity 

of all concentration of the composites, the increased surface area of ZnO2 nanoparticles 

contributes to the shift of the percentage crystallinity. The reason can be explained to the 

disruption and the nature of the interaction between the particles and the low-density 

polyethylene matrix. (Zaman, et al, 2012) 

 

Figure (4.22 c): % Degree of crystallinity trend for: Composite and Nanocomposite. 

Additionally, the increased degree of crystallinity is expected, since the nano-fillers will act as 

nucleating agents in polymer crystallization, the nanofiller contributes more towards nucleation, 

the nucleating agent that influence polymer crystallization depends on several aspects, such as 

the size and the geometry of the particles, the surface structure with the polymer matrix, 

increasing crystallinity leads to more regularly aligned polymer chains, therefore increasing the 

degree of crystallinity increases hardness and density of nanocomposite compared to composite. 

(Sanporean, et al, 2014) 
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4.3  Mechanical charactrization 

 

Generally, incorporation of ZnO2 / ZnO2 nanoparticles into the polymer matrix has shown a 

significant effect on the tensile properties of the composite and nanocomposite samples, which 

include tensile strength, young’s modulus, stress at yield, strength at break and percentage 

elongation at fracture. Figure (4.23) show the stress-strain curves behavior of composites and 

nanocomposites. 

 

 

Figure (4.23): Stress-strain curves behavior, where A: composite samples and B: nanocomposite 

samples.  
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The effect of varies concentration of filler on the tensile properties of composites and 

nanocomposites were significant by increasing concentration of ZnO2 in polymer matrix, either 

higher, lower or vice versa for all the tensile properties. Table (4.8 & 4.9) gives a summary of 

the tensile properties for all studied compositions of composites and nanocomposites. 

Table (4.8): Tensile properties of composites materials. 

 

Table (4.9): Tensile properties of nanocomposites materials. 

 

 

Sample 

code 

Tensile strength 

(MPa) 

E modulus 

(GPa) 

Yield strength 

(MPa) 

Fracture strength 

(MPa) 

% Elongation 

at fracture 

PE 4.94 ±0.38 0.103 ±0.005 1.22 ±0.16 3.19 ±0.64 0.39 ±0.03 

PEC1 4.76 ±0.80 0.110 ±0.009 1.24 ±0.17 3.74 ±0.25 0.36 ±0.04 

PEC3 4.53 ±0.46 0.115 ±0.012 1.26 ±0.07 3.81 ±0.40 0.33 ±0.02 

PEC5 4.35 ±0.56 0.117 ±0.010 1.27 ±0.21 3.39 ±0.21 0.29 ±0.02 

Sample 

code 

Tensile strength 

(MPa) 

E modulus 

(GPa) 

Yield strength 

(MPa) 

Fracture strength 

(MPa) 

% Elongation 

at fracture 

PE 4.94 ±0.38 0.103 ±0.005 1.22 ±0.16 3.19 ±0.64 0.39 ±0.03 

PEN0.5 4.98 ±0.79 0.109 ±0.006 0.81 ±0.15 4.28 ±0.33 0.48 ±0.03 

PEN1 5.01 ±0.71 0.112 ±0.007 0.83 ±0.20 4.41 ±0.23 0.42 ±0.03 

PEN1.5 5.16 ±0.93 0.114 ±0.006 0.89 ±0.23 4.40 ±0.36 0.42 ±0.07 

PEN3 5.22 ±0.28 0.121 ±0.008 0.90 ±0.04 4.73 ±0.32 0.41 ±0.02 

PEN5 5.28 ±0.73 0.124 ±0.010 1.06 ±0.20 4.90 ±0.54 0.42 ±0.05 



 

- 73 - 
 

4.3.1 Tensile strength 

ZnO2 plays an important role as a filler in plastics to impart various mechanical and novel 

functional properties. Herein, ZnO2 powder and ZnO2 nanoparticle that synthesized by reflux 

method were used as a filler in LDPE for prepared composite and nanocomposite. 

At the beginning of the examination, the concentration of ZnO2 in the low-density polyethylene 

matrix was 0% and it achieved a tensile strength of 4.94 MPa without any influence from the 

ZnO2 filler concentration. The tensile strength of ZnO2 /LDPE nanocomposites as a function of 

increasing ZnO2 concentration are shown in figure (4.24). 

 

Figure (4.24): Tensile strength of nanocomposite, with different concentration of zinc peroxide NP's. 

For nanocomposite the tensile properties improve by adding fillers to a polymer matrix since 

fillers have much higher strength and stiffness values than those of the matrices and the 

increasing trend in tensile strength be explained by the large surface area of the nanofillers, 

which makes it stronger bonding with the matrix. And as it is confirmed by the thermal 

properties of nano composite that the crystallinity of a polymer increases with the concentration 

of nano filler increases. This, in turn, also increases the tensile strength of the nanocomposite. 

(Haydar, et al, 2012) (Ahmad, et al, 2017) 
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For composite based on ZnO2 powder, it is observed that the presence of filler in the polymeric 

matrix decrease the composite strength, and it can be seen in figure (4.25) that the tensile 

strengths of the composites decrease with increase concentration of ZnO2 powder, this behavior 

can be attributed to the agglomeration of ZnO2 particles as shown from some SEM micrographs 

for ZnO2 and high loading of ZnO2 hence creating more stress concentration and reducing the 

effectiveness of ZnO2 as reinforcement. Similar results are shown in Abou-Kandil et al study. 

(Abou-Kandil, et al, 2015) 

 

Figure (4.25): Ultimate tensile strength of composite, with different concentration of zinc peroxide. 

As well the gradual drop from 0% to 5 % for composite in tensile strength may be related to the 

larger volume of voids which may be formed within the blend which would serve as flaws and 

stress concentration for crack initiation, which adversely affects the interfacial adhesion between 

the particles and the polymeric matrix resulting in poor tensile properties. (Dhawan, et al, 2013) 

The maximum tensile strength for the composite and nanocomposite reached a maximum at 5 

% ZnO2 concentration of nanocomposite "5.25 MPa" as shown in the figure (4.26). This result 

suggests that high loading of the zinc peroxide nanoparticles improve tensile properties better 

than larger particle that produce low interfacial/interphase properties and poor tensile strength, 

so the nanoparticle contributed to the increase of tensile strength of the nanocomposite with the 

addition of ZnO2 particles. 
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Figure (4.26): Ultimate tensile strength of composite and nanocomposite, with different 

concentration of zinc peroxide. 

Comparing the tensile properties of the composite materials with nanocomposite in this study 

statistically significant differences were observed. ZnO2 nanocomposites have a higher strength 

to weight ratio than ZnO2 reinforced composites and a homogenous distribution of nano filler 

within the matrix hence reduce the stress concentrations within the composite structure, The 

nanoparticles with a high surface area to volume ratio. These make it to react at much faster 

rates than bulk filler materials because more surface area makes stronger bonding with the 

matrix. (Hanemann, et al, 2010) Here the difference is apparent that the tensile strength of 

nanocomposite at 1%, 3% and 5 % nanoparticles concentration are 5.01, 5.21 and 5.28 MPa 

respectively, while the tensile strength of composite at same concentration filler at 1 %, 3 % and 

5 % is 4.76,4.53 and 4.43 MPa respectively.  
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4.3.2  Elastic modulus 

The elastic Modulus of LDPE- ZnO2 composite and nanocomposite samples with different 

concentration of ZnO2 powder and ZnO2 nanoparticles are presented in figure (4.27). Elastic 

modulus was found to increase with ZnO2 concentration for composite and nanocomposite 

samples. The highest set of values was obtained for 5 wt% concentration of ZnO2 for 

nanocomposite with the modulus value 0.124 GPa as compared to the composite.  

 

 

 

Figure (4.27): Elastic modulus of composite and nanocomposite, with different concentration of ZnO2. 
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Elastic modulus is an indicator of the stiffness of a material. The incorporation of ZnO2 into the 

polymer matrix improves the stiffness of the composites when filler concentration increased. 

This could be attributed to the distribution of the filler within the matrix, which efficiently 

hinders chain movement during deformation and the filler is stiffer than the polymer matrix. 

Many of researchers have reported a similar trend in Young's modulus with the increasing filler 

concentration. (Pantani, et al, 2013) (Díez-Pascual, et al, 2014). 

 

Figure (4.28): Elastic modulus of composite and nanocomposite, with different concentration of ZnO2 

Figure (4.28) shows that the nanocomposites based on ZnO2 NP's show better elastic modulus 

and stiffness than the composite with ZnO2 filler concentration. Therefore, the modulus of the 

nanocomposite is observed to be significantly enhanced even with a low concentration of ZnO2 

nanoparticles. In general, the improvement is due to higher contact surface area due to the small 

size of nanoparticles and strong interfacial bonding of nanoparticles-polymer. On the other 

hand, it was found that degree of crystallinity for nanocomposite was higher than composite. 

This in turn increases the stiffness (elastic modulus) and strength of the nanocomposite compare 

to composite. (Basu, ghadi, et al, 2017) 
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4.3.3 Yield Strength 

 

Results of the yield strength of LDPE/ZnO2 composite and nanocomposite with ZnO2 

concentration are presented in and figure (4.29). It is clearly shown that, the yield strength of 

composite and nanocomposite increased slightly with increased ZnO2 concentration. 

 

 

 

Figure (4.29): Yield strength of composite and nanocomposite, with different concentration of ZnO2. 
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Yield strengths obtained of nanocomposite were found to be lower than the control (0 % filler) 

as shown in figure (4.30). It could be observed that yield strength increased progressively with 

increase in ZnO2 concentration for composite and nanocomposite. For composite and 

nanocomposite there is no apparent increased change in yield strength from 0 % to 5 %, and the 

increase no more than 0.13 and 0.25 MPa for composite and nanocomposite respectively and it 

is not considered as significant change in yield properties.  

 

Figure (4.30): Yield strength of composite and nanocomposite, with different concentration of ZnO2 

The little increased of yield strength may be related to the strength effect of the filler due to the 

dispersion of ZnO2 in the polymer matrix, that increasing restrictions on the movement of the 

polymer chain. The maximum yield strength value was recorded for the composite at 5 % of 

ZnO2 concentration with yield value 1.27 MPa. (Onuoha, et al, 2017) 

However, at similar concentration of ZnO2 loading, ZnO2 nanocomposite with nano particle size 

has lower yield strength, than similar composites with larger particle size of ZnO2. This means, 

that the composite can withstand high stress without permanent a plastic deformation as 

compared to nanocomposite that the deform starts to appear early as plastic deformation due to 

rigidity of nanoparticles. 
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4.3.4 Fracture strength 

Figures (4.31 & 4.32) show the effect of ZnO2 concentration on fracture strength of LDPE/ 

ZnO2 composite and nanocomposite samples. As shown in figure (31) nanocomposites can not 

only improve stiffness and strength, but also fracture strength. The results observed that the 

fracture strength of nanocomposites increases as the concentration of ZnO2 increases, this could 

be attributed to the fact that the ZnO2 nanoparticles impede the formation of porosity within 

nanocomposite and enhanced fracture properties. (Karapappas, et al, 2009) 

 

 Figure (4.31): Fracture strength of nanocomposite with different concentration ZnO2 

For composite the fracture strength improved as the zinc concentration increased up to 3 % and 

then decreased at higher concentration at 5 % as shown in figure (4.32), it's could be to the ZnO2 

filler formation stress concentration and higher percentage of ZnO2 concentration reducing the 

ductility of composite and produce a brittle fracture, which is reflected in the decrease of fracture 

strength. 
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 Figure (4.32): Fracture strength of composite, with different concentration ZnO2 

 

In the case of nanocomposites as shown in figure (4.33), the highest fracture strength at 5 % 

concentration of 4.90 MPa, and in the case of composite, the fracture strength at 5 % 

concentration of 3.93 MPa. The zinc peroxide nanoparticles concentration affected the fracture 

strength more than high concentration of ZnO2 in composite, so fracture strength increases as 

the nanofiller size decreases to nano sized as compare to composite and the nanocomposite have 

higher ability to resist failure.  

 

Figure (4.33): Fracture strength of composite and nanocomposite, with different concentration ZnO2 
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4.3.5 % Elongation at fracture 

Tables (4.8 & 4.9) shows the variation of the elongation at fracture for the LDPE/ ZnO2 

composite and LDPE/ ZnO2 nanocomposite. It is obvious from the data that elongation 

decreased steadily with zinc ZnO2 peroxide concentration increased for composite and 

nanocomposite. which is attributed to the brittle nature imparted by the zinc peroxide filler in 

the composites and nanocomposite. 

For composite as shows in figure (4.34), the % elongation of fracture at lower concentration of 

zinc peroxide is slightly higher than those using high concentration of the ZnO2 as 

reinforcement. For example, the % elongation of the composite made from LDPE with 1% ZnO2 

concentration is 36% as compared to that made with 5 wt.% ZnO2 concentration which is only 

about 29 %, it's could be related to the fact that a weaker interfacial region between the filler 

surface and the LDPE matrix are formed and the cracks travel more easily through the weaker 

interfacial regions. 

 

 

Figure (4.34): % Elongation at fracture of composite, with different concentration ZnO2. 
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For nanocomposite, the elongation at fracture decreased with increased of ZnO2 nanoparticle 

concentration as showed in figure (4.35), the reduction of elongation might be due to the ZnO2 

nanoparticles incorporation into a low-density polyethylene matrix increased the stiffness and 

strength of the composite. This increase in stiffens resulted in decrease in % elongation at 

fracture and ductility of the material. Hence, as filler concentration increases, the ductility 

decreases. Such decreasing elongation with filler loading. (Prasert, et al, 2020) 

 

 

Figure (4.35): % Elongation at fracture of nanocomposite, with different concentration ZnO2 NP's. 

 

Moreover, the reduction of elongation at fracture when increasing ZnO2 concentration is due to 

several reasons, the most important of which is aggregates of particles within the matrix due to 

high filler loading. Aggregates of particles lead to lower ductile behavior. The dispersion could 

be an important factor in this threshold, when large aggregates are present the voids that are 

created by de-bonding are not stable and grow to a size where initial crack occurs. According to 

Awad study the other reason that the elongation decreases is due to the increase in the degree of 

crystallinity of composite and nano composite as estimated from DSC results. (Awad, et al, 

2015) 
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Figure (4.36): % Elongation at fracture of composite and nanocomposite, with different 

concentration ZnO2. 

 

The above figure shows that the elongation at fracture of nanocomposite with different 

concentration of ZnO2 nanoparticles was found to be higher than the pure low-density 

polyethylene. The nanocomposite  evidence better improvement of elongation at fracture than 

composite, its due to that the nanocomposite with higher elongation at fracture percentage 

have higher ductility, and its indicates that a nanocomposite will be more likely to deform and 

not break, while the composite with lower ductility indicates that a material is brittle and will 

fracture before deforming much under a tensile load. 
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4.4   Antibacterial characterization  

4.4.1 Composite and nanocomposite  

 

The recent development of nanotechnology increases the number of potential applications of 

synthetic nano-scale materials such as nanocomposites, to prepare antibacterial 

nanocomposites, the two most common methods are coating antimicrobial agents into polymers 

surface or incorporating of antimicrobial agents into the polymers such as our study. (Kim, et 

al, 2019) 

In our study the antimicrobial activity of different concentrations of composites and 

nanocomposites were investigated by disc diffusion method against aerobic bacteria such as 

Staphylococcus aureus (MRSA), Escherichia coli (E. coli) and Pseudomonas aeruginosa and 

against anerobic bacteria such as anerobic gram-positive streptococcus and anaerobic gram-

negative bacilli. 

Figure 4.37 and 4.38 did not show any zone of inhibition on the agar plates for composites and 

nanocomposite against aerobic bacteria tested for all different concentation of ZnO2 filles. This 

mean that the composite and nanocomposite within ZnO2 filler did not have an antibacterial 

property against strain of bacteria that studied and indicated to there are no antibacterial 

properties effects of ZnO2 filles when incorporated into LDPE in our study. In addition, figure 

(4.37 B & C) shows zone of inhibition around positive control (antibiotic) that used and it's 

particularly useful for validating the experimental procedure, if the test go well.  

   

Figure (4.37): Disc diffusion tests for the evaluation of antimicrobial activity of different concentration 

of composite against aerobic strains where A: Staphylococcus aureus, B: Escherichia coli and C: 

pseudomonas aeruginosa. 
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Figure (4.38): Disc diffusion tests for the evaluation of antimicrobial activity of different concentration 

of nano composite against aerobic strains where A: Staphylococcus aureus, B: Escherichia coli and C: 

pseudomonas aeruginosa. 

Figure 4.39 and 4.40 shows the effect of composite and nanocomposite samples with different 

concentration of fillers against anerobic bacteria strain, the figure shows that the composite and 

nanocomposite sample does not show any zone of inhibition around sample disk that located on 

blood agra medium that allow to the anerobic bacteria to growth as shows in figure 4.39 E where 

the upper region shows the growth of anerobic gram-positive streptococcus and the lower region 

shows the growth of anaerobic gram-negative bacilli. 

       

Figure (4.39): Disc diffusion tests for the evaluation of antimicrobial activity of different concentration 

of composite against anerobic bacteria strain where A: anerobic gram-positive streptococcus and 

B: anaerobic gram-negative bacilli. 
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Figure (4.40): Disc diffusion tests for the evaluation of antimicrobial activity of different concentration 

of nanocomposite against anerobic bacteria strain where: C: anerobic gram-positive streptococcus and 

D: anaerobic gram-negative bacilli. 

In our study the result of antibacterial properties of the composite and nanocomposite against 

aerobic and anerobic bacteria show the same behavior with no effect of our samples that contain 

different concentration of ZnO2 and ZnO2 nanoparticles .In composite and nanocomposites the 

main  mechanism of inhibit bacteria to growth is related with the ZnO2 since plastic has no anti-

bacterial activity, as previously discussed before, two possible routes of the effect of ZnO2 as 

antibacterial agent in polymer matrix, one route is the metal nanoparticles when they have in 

direct contact with a bacteria cell which causes changes in microenvironment within the contact 

area of the organism and particle or the second route is the released of metal ions and ROS from 

the particles. (Prabhu, et al, 2012) (Dimapilis, et al ,2018) 

In LDPE matrix with embedded antibacterial agent (ZnO2 and ZnO2 nanoparticles) fillers, the 

ion release is the main mechanism behind their bacteriadal activity due to the nanoparticles 

incorporation into the polymer and it does not exist entiely on the surface which puts it in direct 

contact with bacteria and the concentrations of antibacterial agent in the surface lower than the 

bulk of the material so the polymer interacts more with bacteria compared antibacterial agent ( 

Palza, 2015) Therefore, the only suitable mechanism for the release of metal ions and this 

explains why it has no effect against bacteria as we expect. 
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Chapter Five 

Conclusion and future work 
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5.1 Conclusion  

In this study, ZnO2 nanoparticles were chemically prepared by reflux with capping agent 

polyethyleneimine as a surface modifier to prevent agglomeration of NP's and by reflux without 

capping agent and the last one by sol-gel method and then incorporated one of these ZnO2 

nanoparticles in LDPE, The XDR pattern of ZnO2 nanoparticles confirmed a pure single phase 

with cubic ZnO2 crystal for all prepared method, which compared with previous reports. FT-IR 

spectrum does not show any of absorption bands of reactant groups of zinc acetate, suggesting 

the purity of synthetic ZnO2-NPs and it was found by DSC that the synthesized ZnO2 samples 

decomposes into ZnO at about 230-238 oC. SEM revealed synthesis of non-agglomerated ZnO2 

nanoparticles having spherical shape with sizes of 82 nm ,48 nm and 55 nm for reflux without 

PEI, reflux with PEI and sol-gel respectively. Composite and nanocomposite materials were 

prepared by compounding LDPE with ZnO2 particles and nanoparticles by solution mixing 

techniques. Dogbone specimens according to IV ASTM D-638 type of the composites and 

nanocomposites were prepared. The influence of ZnO2 concentration on the morphology, 

thermal, mechanical and, and antibacterial properties of the obtained composite and 

nanocomposites was investigated. SEM images showed that the ZnO2 particles were dispersed 

and embedded in the matrices with little sign of agglomeration for the composite but it does not 

appear well on the surface of composite and the nanocomposite showed not only smaller 

particles fillers than the composites that containing ZnO2 filler but it also proved to be better 

dispersed in the LDPE matrix. Characterizations of the mechanical properties show that the 

tensile strength improved by increasing concentration of ZnO2 nano fillers to a polymer matrix 

of nanocomposites while the tensile strength decrease with increasing ZnO2 concentration to 

composite. Elastic modulus, yield strength, fracture strength showed improvement when 

increasing concentration of ZnO2 particles and nanoparticles. While percentage elongation at 

fracture decreased steadily with ZnO2 concentration increased for composite and nanocomposite 

due to the brittle nature imparted by the ZnO2 and increase in the stiffness and strength of the 

composite resulted in decrease in elongation at fracture of the material. Moreover, the thermal 

analysis results of composite and nanocomposite showed there are slight variations between the 

melting temperature of different concentration of composite and nanocomposite samples while 

imparts significant improvements in the degree of crystallinity that mean the crystallization rate 

of composite and nanocomposite have become faster due the filler act as nucleating agent. The 
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antibacterial characterization of the composite and nanocomposite against aerobic and anerobic 

bacteria show the same behavior with no effect of our samples that contain different 

concentration of ZnO2 particles and ZnO2 nanoparticles. 

5.2 Future work 

Many possibilities for future work for this study still remain, this work mainly focus on the 

influence of ZnO2 on the mechanical, thermal, antibacterial properties of polyethylene. So, we 

suggest focusing on:  

1- The photodegradation resistant properties of composite and nanocomposite to ultraviolet 

irradiation, some study showed that the nanoparticle act as screens for this type of 

radiation. 

2- Water uptake and oxygen permeability properties of composite and nanocomposite by 

incorporating inorganic filler into polymer matrix causes a change in these properties. 

3- Enhance the compatibility and dispersion of the LDPE matrix polymer and the inorganic 

filler. 

4- Enhance the antibacterial activity properties of composites and nanocomposites by 

developing new methods. 

5- Investigations of different nano particles with the development of new nanoparticles 

production methods, new possibilities are created. 
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          الصب:طريقة بيروكسيد الزنك محضر ب والبولي إيثيلين منخفض الكثافة من  ةنانوي ةمركبمادة و ةمركبمادة 

 مورفولوجية )الشكلية( . الخصائص الحرارية والميكانيكية وال

 

 .اعداد : هنبال موسى عيسى منصور 

 . د. فؤاد الريماوي أ.اشراف : د. أحمد جبارين و 

 

 :   ملخص

ة المركبة والمواد البلاستيكية المركبة النانوية ذات الحشو غير العضوي مثل بيروكسيد الزنك كيتعتبر المواد البلاستي

والحشو الناشئة عن تطبيق حشو غير   وليمر بين البالتي  مجالات بحثية جديدة ومحفزة بسبب مزيج مبتكر من الخصائص  

النانو مترعضوي وحشو   الحال  بحجم  الدراسة  البوليمر. تبحث  المختلف لجزيئات داخل مصفوفة  التركيز  ية في تأثير 

الزنك   ال  (2ZnO)بيروكسيد  الخصائص  على  النانوية  والميكانيكية    )المورفولوجيا(  شكليةوالجسيمات  والحرارية 

للالخصائص  و الل بكتيريا  المضادة  الكثافة. تم تحضير تركيبات مختلفة من مركبات    ةمركبلمادة  إيثيلين منخفض  بولي 

2LDPE / ZnO    2وE / nano ZnOLDP    بتقنية solution cast للمادة   ٪(5٪ و  3٪ ،  1)  بيروكسيد الزنك  بتركيز

باستخدام    2ZnO. تم تصنيع الجسيمات النانوية  يةالنانو  ةمركبلمادة الل  ٪. (5٪ و  3٪ ،  1.5٪ ،  1٪ ،  0.5)و    ةمركبال

 ايضا   والثانية   capping agentتستخدم البولي إيثيلين أمين    reflux methodثلاث طرق مختلفة ، الأولى بطريقة  

 . تم اختيار  sol-gel methodوالأخيرة بطريقة    capping agentبدون استخدام  ولكن    reflux methodبطريقة  

reflux method     بدونcapping agent  مردود جيد حتوي على  ت  الهذه الدراسة لأنه  ةالمحضر  ةالنانوي   ةركبادة المللم

التفاعل داخل   اعند توزيعه  امقارنة بالطرق الأخرى ولا يوجد تأثير خارجي كعامل تغطية يؤثر على خصائصه   من 

 . البوليمر مصفوفة

مجهر المسح الإلكتروني  و ،  (  XRD)النانوية المُصنَّعة بحيود الأشعة السينية    2ZnO  الزنك بيروكسيد  جسيمات  تم تحليل

(SEM)    والتحليل الطيفي بالأشعة تحت الحمراء ،(FTIR)    ،التفاضلي    حراريالمسح الو(DSC)  تم الحصول على .

 بدون   refluxلطريقة    نانومتر  81جزيئات نانوية مكعبة عالية البلورية نمت في شكل شبه كروي بمتوسط حجم حوالي  

capping agent     لطريقة  نانومتر    47وreflux    مع  capping agent     لطريقة  نانومتر  55و  sol-gel    بناءً على

درجة مئوية.    238-230عند حوالي    ZnOإلى    حولتت  2ZnOأن عينات    DSC. وجد بواسطة  XRDو    SEMبيانات  

ومقارنتها بالتقارير السابقة واقترحت نقاء   2ZnOفي مسحوق نانو    FTIRتمت مناقشة  الاهتزازات المرصودة بواسطة  

 ة مركبلمادة الالاصطناعية من المواد المتفاعلة. تشير نتائج التحليلات المورفولوجية لالنانوية  جزيئات بيروكسيد الزنك  

سطح  الولكنها لا تظهر بشكل جيد على    المادة المركبةومدمجة في مصفوفات    موزعةيئات بيروكسيد الزنك  إلى أن جز

 ةالنانوي  المادة المركبةالنانوية بشكل جيد على البولمير بشكل كلي مما يعني ان    ةالمركبالمادة  ، بينما يظهر التوزيع في  

إلى تحسينات كبيرة في    ةالنانوي  ةوالمركب  ةالمركبالمواد  في    2ZnO. تؤدي إضافة حشو  ة  المركبالمادة  من     اافضل تشتت

  tensile propertiesأن    ةالميكانيكي  الخصائصتظهر نتائج    و  الحشو يمكن أن يعمل كعامل نواة  ان  درجة التبلور بسبب
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المركبة ب  2LDPE / ZnOالنانوية    للمادة  الخاصة  تلك  من  المركبةأعلى   yield  باستثناء  2LDPE / ZnO  المادة 

strength  ةالمركبالمادة  حمل الضغط العالي دون تشوه دائم للبلاستيك مقارنة بتتيمكن أن    ةمركبمادة المما يعني أن ال 

ميجا باسكال وزادت    4.94قدره    tensile strength. وجد أن البولي إثيلين منخفض الكثافة بدون أي حشو حقق  ةالنانوي

المركبة الزنك    LDPE 2ZnO /النانوية    للمادة  بيروكسيد  تركيز  زيادة  قيمة  (  2ZnO)مع  أعلى  إلى  الوصول  حتى 

tensile strength  5.28    من الجسيمات النانوية. بينما تنخفض    ٪5ميجا باسكال عندtensile strength    للمركبات مع

 Elasticجزيئات بيروكسيد الزنك. وجد أن  ٪  5ميجا باسكال عند    4.35وتنخفض إلى    2ZnOزيادة تركيز مسحوق  

modulus  لمادة المركبةل  / LDPE 2ZnO  2زداد تدريجياً مع تركيز  ت  ةالنانوي  لمادة المركبةواZnO    وتم الحصول ،

جيجا باسكال   0.124بقيمة معامل    ةالنانوي  ةمركبمادة المن بيروكسيد الزنك لل  ٪5على أعلى مجموعة من القيم لتركيز  

  طردي بشكل    elongation at fracture  ت نسبةجيجا باسكال. علاوة على ذلك ، انخفض  0.103بقيمة    ٪0بـ  مقارنة  

لسوء    ٪.42٪ إلى  48من    ةالنانوي  ةمركبللمادة الو  ٪29٪ إلى  36من    ةركبالم  ادةمع زيادة تركيز بيروكسيد الزنك للم

أجار    اقراص أي منطقة من التثبيط على    ةالنانوي  ةوالمركب  ةمركبمادة الالحظ ، لم يظُهر التوصيف المضاد للبكتيريا لل

التي تمت دراستها. يشير هذا إلى أن جزيئات بيروكسيد   الهوائية واللاهوائية للمركبات والمركبات النانوية ضد البكتيريا

النانوية   والجسيمات  لالزنك  تأثير  في  لا  الكثافة  منخفض  إيثيلين  البولي  مع  دمجها  عند  للبكتيريا  المضادة  خصائصها 

 دراستنا.

 


