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A new series of polypropylene/high density polyethylene nanocomposites based 
on clay and zinc oxides (PP-HDPE/clay-ZnO) with different contents of nano-
fillers (1%wt, 3%wt, 5%wt) were prepared by melt blending process in the 
presence of dicumyl peroxide (DCP) as a free radical generator and maleic 
anhydrides (MAH) as across linking agents. In this work, the Zinc oxide 
nanoparticles  (ZnO) were added  to increase resistance to ultraviolet light, and 
antimicrobial activity of nanocomposite films. The attachment and anchoring of 
ZnO nanoparticles to the surface of clay minerals can provide more active surface 
positions, reduce the agglomeration of nanoparticles and prevent their release into 
the environment that would result in poor toxicity and would ensure antibacterial 
activity over time.The morphological (DRA), structures, a rheological, thermal, 
photocatalytic, and antibacterial properties of the composite films were 
investigated as a function of clay and  ZnO content. The Dynamical a rheological 
analysis DRA results showed that binary blends based on PP-HDPE, as deduced 
from the torque - time curves exhibit cross-linking reactions. This has  taken place 
in the molten state after polymer fusion. And the evaluation of TB equilibrium showed that the crosslinking effect starts to be apparent  and 
given the highest value in the sample (PP-HDPEG /oMt-ZnO5).The XRD  spectra show the absence of the characteristic peaks of clay in the 
formulation which contains modified montmorillonite in the presence of ZnO, this may be due to the exfoliated structure in the 
nanocomposite matrix. The photodegradation of various formulations have shown that there is no oxidation of the polymers composites in 
the presence of ZnO. The antibacterial efficacy of the composites varied with the dispersion,  and the content of the ZnO particles. It is noted 
that the antibacterial effect was present  altogether the formulations containing ZnO, and maximum inhibition of bacterial growth was 
observed in PP-HDPEG/oMt-ZnO3, and PP-HDPEG /oMt-ZnO5 composites with Escherichia coli, this is due to the higher content of ZnO, 
activated surface area and better dispersion resulting by the attachment of ZnO nanoparticles to the surface of modified montmorillonite (o-
Mt). Hence, these materials with good anti UV resistance and antibacterial activity are looked for. Such it can find them applications in 
hospitals spaces mainly operating rooms, laboratories, and health equipment mostly in the pandimics period. 

 
INTRODUCTION* 

 In the past few months, the worldwide spread of 
the COVID-19 pandemic has been worrying. 
                                                      
 

According to the recommendations of the World 
Health Organization (WHO), this pandemic has 
greatly increased the use and production of masks 
and other components (gloves, face shields, 
 
 * Corresponding authors: chinpolyhim@yahoo.fr; kouadri.hicham@crapc.dz or anesk2011@yahoo.fr; bouriche.ouahiba@crapc.dz 
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protective clothing, and safety shoes) made with 
polymeric materials1. Bacterial contamination on 
the surface is a major problem in many fields, such 
as the medical or food industry. Antimicrobial 
polymers are emerging new disinfectants, and in 
some cases can even be used as substitutes for 
antibiotics. Interestingly, the antimicrobial polymer 
can be bound to the surface without losing its 
biological activity, which allows the design of a 
surface that can kill microorganisms without 
releasing biocides2. Researchers from different 
institutes have developed antimicrobial and 
antibacterial polymers. These polymers could be 
used for example in the medical field, for food 
packaging, in air filters, and in all areas, including 
common places, close doors, and work tables. 
Researchers are looking to continue the 
development of these polymers to extend them to 
membranes or textiles.1, 3-8 In addition, compared to 
ordinary nanomaterials, the support of nano-sized 
semiconductor materials on the substrate can help 
to enhance their activity. In this regard, various 
clay matrices such as kaolinite, montmorillonite 
and bentonitehavebeen successfully used assupports. 
Kaolinite has special crystalline chemical char-
acteristics. Therefore, it can be used as a suitable 
substrate for anchoring ZnO nanoparticles.9,10-18  
Fixing and anchoring nano-sized ZnO nanoparti-
cles on the surface of clay minerals can provide 
more active surface positions, reduce the 
agglomeration of nanoparticles, and prevent the 
release of nanoparticles into the environment. 
Artificial polymeric clay nanocomposites have 
become the main focus of research and metallic 
nanoparticles have been studied in the latest 
research results to study environmental pollutants. 
Because ZnO nanoparticles are cheap, non-toxic 
and can remove emerging pollutants, and 
considering that rural communities are affected by 
wastewater pollutants. However, as a functional 
inorganic filler, nano-scale zinc oxide (ZnO) has 
been widely used in functional equipment, 
catalysts, pigments, optical materials, cosmetics, 
ultraviolet absorbers and additives in many 
industrial products. Several reports have been 
published on the antibacterial activity of ZnO in 
polymer matrix.11-20 To the best of our knowledge, 
there have been no reports on PP-HDPE/o-Mt-ZnO 
nanocomposite films and their properties for use as 
packaging, and as medical equipment materials 
antibacterial. In this work, six different nano-
composite films were prepared by melt mixing, 
and the effects of the clay and ZnO content on the 
arheological, morphological, structure, thermal, 
and antibacterial properties of the films were 
investigated. Although, the studies on clay 

nanocomposites based on PP/PE blends, using 
different compatibilizers, are not very numerous. 
Among the work of Parameswaranpillaiand his 
colleagues,21 in which, they report that the 
presence of EPDM in PP/HDPE (80/20) blends 
enhanced the impact strength and elongation at 
break, but at the expense of tensile strength and 
modulus. The morphology of the ternary 
composite material reveals the complex 
morphology of interpenetration. The presence of 
xGnP in the ternary blend greatly improves the 
tensile toughness of the composite material. The 
storage modulus and loss modulus of PP/HDPE 
blends are reduced by adding EPDM elastomer. 
The PE-MAH played a better compatibilizer role. 
The effects of adding organophilic montmorillonite 
(o-MMT) and/or ethylene propylene diene 
monomer (EPDM)-MAH on the phase 
morphology, the thermal and mechanical 
properties of the PP/ HDPE blends have 
investigated by several researchers.8,22,23 Adding 
EPDM-MAH to PP/HDPE/o-MMT blends will 
reduce tensile strength and flexural 
modulus/strength. However, the impact strength 
notably increased. It is well established that 
inorganic particles (ZnO, o-MMT) not only 
increase the mechanical strength of the polymers, 
but can also provide antibacterial property and 
ultraviolet resistance.8,23 

EXPERIMENTAL 

1. Materials 

 Commercial polypropylene (PP) (Sabic-500P, soften Flow 
index at 230°C and 2.16 kg; 3g/10 min. Density D= 792) and 
polyethylene high density (HDPE) (Sabic-F00952, soften flow 
index at 190 °C and 2.16 kg; 0.05g/10 min, D= 952 kg/ m³) 
were used as received. The reagents: dicumyl peroxide (DCP, 
Bayer ltd), maleic anhydride (MAH, Sigma-Aldrich), benzyl 
tributyl ammonium chloride (BTBA, Flukapurum>98%), and 
zinc oxide nanoparticles (ZnO rutile 99.9%, Sigma-Aldrich) 
were used without further purification. The clay mineral from 
Maghnia was kindly supplied by ENOF (Algiers, Algeria). 
Lamp UV 32wat (λ 300-400 nm) distance at 20 cm. 

2. Clay organomodification 

 Before organomodification, the mono-ionized step was firstly 
conducted, as follows: 100 g of natural bentonite clay (NaMt) 
were dispersed in sodium chloride (NaCl) solution (1N), is 
brought into contact in 1 L of a NaCl solution (1M) and the 
suspension was stirred for 24h. This operation  was repeated three 
times. The obtained suspension was washed with distilled water 
several times, until the chloride ions completely disappeared.  
After sedimentation, the suspension was centrifuged, dried, and 
the solid was finally crushed. The sodic clay was dispersed a hot 
aqueous solution (80°C) containing 10-2 moles of the benzyl 
tributyl ammonium chloride and the suspension was stirred for  
3 h, then washed several times with distilled water at 60°C. The 
obtained organophilic clay, noted oMt was dried for 36h, crushed, 
sieved and stored.8,23 
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Table 1 

Description of the studied (nano)composites 
Polymers  Clays  Oxide Compatibilizer (Nano)composite 
PP HDPE NaMt oMt ZnO MAH 

PP-HDPE/NaMt-ZnO1 50 50 1 - 1 - 
PP-HDPE/NaMt-ZnO3 50 50 3 - 3 - 
PP-HDPE/NaMt-ZnO5 50 50 5 - 5 - 
PP-HDPEG/oMt-ZnO1 50 50 - 1 1 1 
PP-HDPEG/oMt-ZnO3 50 50 - 3 3 3 
PP-HDPEG/oMt-ZnO5 50 50 - 5 5 5 

 
3. Nanocomposites preparation 

 Nanocomposites based on PP and HDPE blend (50:50) were 
prepared using clay (NaMt or oMt), as nanofillers and ZnO 
nanoparticles. The composites were prepared by melt blending 
using a Hake Record Plastograph (Cergy-ontoise, France), 
operating at 180°C for 10 min, with a rotation speed of 30 rpm. The 
obtained composites were compression-molded at 180°C under a 
pressure of 5MPA and then cooled to room temperature. In order to 
improve the UV resistance of zinc oxide nanoparticles, samples 
were exposed to ultraviolet light radiations for 120 h, using UV 
lamp (32 W). the distance sample-UV source was 20 cm, under air 
atmosphere, at room temperature. Table 1 summarizes the 
composition of all formulations. 

4. Antibacterial tests 

 The antibacterial properties of the obtained nanocomposites 
were evaluated using the counting viable cells technique (JIS Z 
2801), by examining their ability to kill Escherichia coli (E. Coli). 
For this, the plates were, firstly, disinfected with ethanol, and then 
exposed to the UV irradiations (Vilber Lourmat, VL 6), in the 
wavelength range of 300-400 nm, for 2 h. Then, 50 μL of the 
solution containing E.Coli of 105 colony-forming units were 
dropped onto the composite plates and the composites films were 
used to cover the specimen shaving Luria Bertani (LB) agar. The 
formulations were cultured at 37 ° C for 24 h. Then, films were 
washed in sterile 0.9% NaCl solution. The surviving bacteria was 
evaluated using spread plate method. The distinction of viable live 
cell variation of recognizing materials PP-HDPE / NaMt-ZnO 
(1%wt, 3%wt, 5%wt) and (PP-HDPEG/oMt-ZnO) (1%wt, 3%wt, 
5%wt) is obtained by comparing the reduction in the index of 
viable cells on the culture discs.10 

5. Characterization 

 X-ray diffraction (XRD) measurements were conducted 
using PANanalyticalX’PertPro diffractomer, with monochromatic 
CuKα radiation, at a wavelength λ of 1.5418Å, at an  
accelerating voltage of 40kV and an electrical current of  
45 mA. The data were collected from 1.65° to 30° by step of 
0.04° and scanning rate of 0.6°.min-1. Fourier Transform 
Infrared (FTIR) spectra with Attenuated Total Reflectance 
mode (FTIR-ATR) were performed on a spectrophotometer 
Bruker Vector 22 Spectrometer GmbH, in the frequency range 
of 4000–400cm−1,with an accumulation of 32 scans and are 
solution of 4cm−1. Thin films (micronthick) were obtained by 
hotpressing. The thermogravimetric analysis was carried out 
using an "SDT Q600" device "TA Instruments". The samples 
witch characterized were subjected to a temperature ramp 
from 50°C to 600°C. The speed of the temperature ramp is  
0.2°C/s under a flow of nitrogen. Differential Scanning 
Calorimetry (DSC) analyses were performed according to a 
Mettler Toledo Star System 30. (Nano)composites (~ 15 mg) 
were sealed in aluminium pans for analysis according to the 
following program: samples were heated from 25°C to 200°C, 
with a heating rate of 10°C min-1, under nitrogen atmosphere. 
Relevant data were collected from the second heating scan. 

RESULTS AND DISCUSSION 

1. Dynamical rheological analysis (DRA) 

 Analysis of the torque-time evolution during the 
melt blending of all materials reveals resulting  cross-
linking reactions of various components. Figure 1 
illustrates the evolution of all systems during   
compounding. From the plot of torque as a function 
of time, it is often seen that originally, the polymers 
Melts, and also the force decreases to a minimum 
price that describes the transformation from the solid 
to the molten state (point TA). In our case, we have 
two breasts TA due to the melting point of the two 
polymers PP and HDPE.8,23 When the cross-linking 
reaction begins, the torsion will increase till reaching 
the utmost worth (point TB). After which, a partial 
decrease of the torque is observed. This slight 
decrease is attributed to the partial destruction of the 
network already formed being even lower in the 
presence of peroxide. This is due to the attack by the 
peroxide radicals (particularly at the tertiary carbons 
of PP, which are the more reactive sites), to form 
macro radicals by disproportionately or by 
cyclization of the end groups, which is, mainly 
attributed to the fact that PP degradation, in the 
presence of peroxide, results in shorter chains 
through session reactions. This means that the 
viscosity will diminish, owing to the decrease in the 
molecular weight. These results have already been 
reported by Mirigul Altan et al on polypropylene 
with peroxide.24 Where an increase in the torque 
values was observed. This was an indication that 
cross linking reactions occurred, originating a 
molecular weight increase (Figure 1). The evaluation 
of TB at the equilibrium shows that the crosslinking 
effect starts to be apparent from (PP/HDPEG/oMt-
ZnO 5). This positive deviation is proportional to the 
degree of crosslinking in the matrix. As mentioned 
antecedently, the formation of a complex network 
takes place, and therefore, the evolution of the torsion 
is plagued by the PP degradation However, the 
presence of ZnO has no apparent effect on the 
torque-time evolution. 
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Fig. 1 – Evolution of the torque versus time during melt compounding  

of the PP-HDPE/clay-ZnO nanocomposites (60 rpm and 180°C). 
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2. Nanocomposites structure 

 The organomodification of the montmorillonite 
was evaluated according to Bragg’s equation  
nλ= 2d sin θ based on XRD results. As shown in 
Figure 2, the pristine clay has an interlayer spacing 
d001= 12.6 Å (2θ = 7.05°). After organomodification, 
the d001 value shifts to 17.7Å (2θ = 5.04°). This 
spacing increase is in indication of the efficient of 
the organomodifier intercalation. The XRD 
patterns of PP-HDPE (nano)composites with 
different percent of clay (unmodified or modified) 

and zinc oxide are presented in Figures 3 and 4, 
respectively. The systems based on the unmodified 
clay (PP-HDPE/NaMt-ZnO) show a diffraction 
peak around 2θ =5°, attesting the formation of an 
intercalated structure (Figure 3). In the case of PP-
HDPEG/oMt-ZnO1, PP-HDPEG/oMt-ZnO3 and 
PP-HDPEG/oMt-ZnO5, no diffraction peak was 
detected at low 2θ angle. This result is an 
indication of a total delamination of the clay 
platelets and hence the formation of exfoliated 
nanocomposites (Figure 4). 
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Fig. 2 – XRD patterns of clay before and after organomodification. 
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Fig. 3 –  XRD patterns of PP-HDPE/NaMt-ZnO nanocomposites. 
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Fig. 4 – XRD patterns of PP-HDPE/oMt-ZnO nanocomposites. 

 
3. Thermal properties 

Generally, the formation of the exfoliated 
structure of polymers nanocomposites based on 
organomodified clays involves an enhancement on 
the thermal properties of the system as compared 
to that based on unmodified clays. In order to 
underline this effect of clay nature on the PP-
HDPE thermal stability, TGA analyses were 
performed under air flow, with a heating rate of 
20°C min-1. Figures 5 and 6 show the TGA/DTG 
curves of PP-HDPE/NaMt-ZnO and PP-HDPEG/ 
oMt-ZnO, respectively. The peak assigned to the 
scission of the C-C chemical bond of the PP-HDPE 
polymer shifted to higher temperature in the case 
of oMt nano-filler as compared to NaMt. For 
exemple, the DTG maximum shifted from 455°C 
for PP-HDPE/NaMt-ZnO1 to 467°C for PP-
HDPEG/oMt-ZnO1, implying an improvement of 
the thermal stability by about 12°C. Comparable 
enhancement is detected with the other 
formulations (Table 2). The organomodified clay 
displays a better dispersion on the PP-HDPE and 
underlines, hence, an efficient barrier effect that 
restricts the diffusion of oxygen toward the 
polymer matrix, as compared to unmodified one. 
However, the DSC results of nanocomposites 
presented in Figures 7a and 7b show two melting 
temperature (Tm). The first around 140°C, relied 
to the HDPE and the second at 160°C, attributed to 
the PP. The values of these temperatures are 
slightly affected by the presence of clay nanofiller 
and ZnO nanoparticles (Not exceed 4°C, inall 
cases). In addition, according to the Tm values, it 

can be said there is an effect on the crystallization 
mode of each crystalline part of the mixtures. This 
is due to the fact that when PP starts to crystallize, 
HDPE is still in the molten state, and this will 
affect the nucleation rate of the PP. On the other 
hand, when HDPE starts to crystallize, the PP is in 
a solid state and this will then affect the growing 
rate of HDPE. Therefore, as a result, these two 
modes are related to chain dispersion.8,23-27 

4. Ultraviolet degradation resistance 

In order to underline the effect ZnO 
nanoparticle to prevent the nanocomposites photo-
degradation, these later were exposed to UV 
irradiations for 300 h ours and the FTIR spectra 
were compared to the PP-HDPE/NaMt blend after 
UV exposure. Figures 8a and 8b depict the infrared 
spectra of the different formulations, in the range 
of carbonyl group, resulting from the photo-
degradation reaction of alkyl chains. The PP-
HDPE/NaMt blend show an important band around 
1733 cm-1, relied to the elongation vibrations of 
C=O group. This band is clearly disappeared by 
increasing the ZnO content in the nanocomposites, 
what ever the ZnO content. This result is 
inagreement with literature.8,25,26 The Zn O 
nanoparticles seem to act as a light barrier for the 
polymer, dut to its superior UV light filtering, 
leading improve the ultraviolet resistance 
properties if polymeric materials. 
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Fig. 5 – TGA/DTG analysis curves of PP-HDPE/NaMt-ZnO nanocomposites,  
at different NaMt-ZnO content under air, at 20°C min -1. 
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Fig. 6 –TGA/DTG analysis curves of PP-HDPE/oMt-ZnO nanocomposites,  

at different OMt-ZnO content under air, at 20°Cmin-1. 
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Fig. 7 – DSC analyses of PP-HDPE/NaMt-ZnO (a) and PP-HDPE/oMt-ZnO (b)  

at different clay-ZnO content.  Second heating at 10° C min-1. 
 

Table 2 

Antibacterial efficiency of the nanocomposites materials 

Material  (Ct24) 
(CFU)  
(×105) 

Log(Ct24) 
(CFU) 

Activity**(Log) Standardeviation 

PP-HDPE/NaMt 3.09 5.48 --  -- 

PP-HDPE /NaMt-ZnO1 1.63 5.21 <1 0.27 
PP-HDPE /NaMt-ZnO3 -- -- -- -- 
PP-HDPE /NaMt-ZnO5 1.36 5.13 <1 0.35 
PP-HDPEG/oMt-ZnO1 2.63 5.41 <1 0.07 
PP-HDPEG /oMt-ZnO3 1.09 5.03 <1 0.45 
PP-HDPEG /oMt-ZnO5 1.09 5.03 <1 0.45 

Initial Bacteria loading(cfu/mL): Ct24 
Logarithmic reduction of grown bacteria colonies (cfu/mL): log(Et), 
*Bacteria tested: Escherichia coli CIP 54 127, 400 μL of suspension at 2.5 105 cfu/mL 
** Activity = log(Ct24) – log(Et), Ct is the reference medium and Et is the medium sample. 
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Fig. 8 – FTIR spectra of (a): PP-HDPE/NaMt-ZnO, and (b): PP-HDPEG/oMt-ZnO nanocomposites after 300 h of UV exposure. 

 
5. Antibacterial activity 

 The antibacterial efficiencies of the nanocompo-
sites materials are shown in Table 2. The initial 
bacterial loading and survival bacteria after 24h of 
incubating at 37ºC are given logarithmically. The 
reduction of the bacteria colonies was calculated by 
taking the difference between the initial loading and 
survived bacteria colonies after being counted by 
spread plate method.7 The photographs given in  
Fig. 8 demonstrate the petridishes containing the 
surviving bacteria colonies in the diluted solution 
after washing films in sterile 0.9% NaCl solution 
followed by incubation of 37ºC. In this study, It was 
seen that the antibacterial efficiencies is present in all 
the formulations of nanocomposite, and that the 
addition of ZnO makes appreciably decrease the 
number of the bacterium. The photographs given in 
Figure 8 confirm this result, the nanocomposites with 

highest concentration of ZnO in PP/HDPEG/oMt-
ZnO3, PP/HDPEG/oMt-ZnO5 gave the best 
antibacterial properties as given in Table 2. This 
result is confirmed by the X-ray mappings. It is 
noticed that there is no diffraction peak was detected 
at low 2θ angle, this result is an indication of a total 
delamination of the clay platelets and hence the 
formation of exfoliated nanocomposites (Figure 4). 
The antibacterial mechanism of ZnO is based on 
photocatalytic activity of the material. During this 
reaction, generated-OH radicals stick on the 
membrane of the bacteria and kill them. The 
attachment and anchoring of ZnO nanoparticles to 
the surface of modified clay minerals can provide 
more active surface positions, reduce the 
agglomeration of nanoparticles and prevent their 
release into the environment that would result in poor 
toxicity and would ensure antibacterial activity over 
time.
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CONCLUSION 

 Nanocomposites bases on PP-HDPE blend as 
polymer matrix, clay nanoplatelets and ZnO 
nanoparticles, as nanofillers were prepared by melt 
extrusion. The Dynamical arheological analysis 
DRA results showed that binary blends, as deduced 
from the torque – time curves exhibit cross-linking 
reactions. And the evaluation of TB at the 
equilibrium showed that the crosslinking effect 
starts to be apparent and given the highest value in 
the sample (PP/HDPEG/oMt-ZnO5). The XRD 
results showes the absence of peak at low 2θ angle 
in the nanocomposite materials PP/HDPEG /oMt-
ZnO1, PP/HDPEG/oMt-ZnO3 and PP/HDPEG /o-
Mt-ZnO5 indicated   exfoliated form. The ultraviolet 
resistance and antimicrobial properties of the 
obtained nancomposites was made. It is found that 
the photodegradation of different formulations 
shown there’s no oxidation of the polymers 
composites in the presence of ZnO. This is due to 
the superior UV light filtering effects offered by 
the ZnO particles incorporated into the 
nanocomposites of PP-HDPE/o-Mt-ZnO5 showed 
higher antibacterial efficiency against E. coli in 
well dispersed and hight content of ZnO.  
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