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Abstract: In the present study, after the preparation and analysis of raw materials, the 

purification of the nano-particles of the montmorillonite and its correction using organic 

materials, the nanocomposite of polymer nanoclay-polypropylene and rice bran mixed 

with molten mixture With different percentages of nanoparticles, the identification of this 

composite and the effect of its application in the packaging industry through IR, XRD 

spectra, and TGA, OIT, and SEM tests will be performed by performing antibacterial applied 

tests, and the mechanical properties include the structure Nano Composites (IR Results), 

Tensile Strength, Impact Resistance, Water Steam Absorption, Oxygen Permeability, Test 

TGA, oxidation resistance (OIT), determination of melting temperature (DSC) and 

measurement of antibacterial activity are investigated. Finally, according to the results of 

this study, antibacterial activity was measured and the growth of E. coli and Staphylococcus 

aureus in the nanocomposite samples was reported as the result of the study. The results 

showed that the nanocomposites stopped the growth of Escherichia coli and Eurius 

bacteria than the control sample, and the highest growth rate of the bacterium is up to 3% 

of the nanoparticles and more than 3% is almost constant. And for antibacterial activity, 

increasing the percentage of nanoparticles is not necessary from 3%. 

Keywords: Montemorillonite, Nano Composite, Mechanical properties, Food Industry, 

Packing. 

INTRODUCTION 

Diseases caused by food poisoning have become a major threat to human health and a factor in the 
emergence of the packaged industry. Since the bulk of the packaging industry is made up of plastics, the 
packaging industry can be attributed to petroleum products. Hence, increasing population growth, 
pollution caused by packaging materials derived from oil derivatives and the problems caused by various 
methods of disposal of these contaminants, including burning, burial and recycling, lead to greater 
attention to bio-polymers and bio-packaging Has been. Biodegradable packaging films and coatings are an 
alternative to synthetic films in the packaging industry due to their eco-friendly features and low 
dependence on non-renewable resources, which attracted the attention of many researchers. 

Biodegradable packaging protects the product against mechanical, physical and chemical damage to 
food products, preventing their quality loss. It can also prevent microbial activity as antimicrobial carrier 
in antimicrobial packaging and increase the shelf life of food products. 

The use of nano-amplifiers in the production of packaging materials and the preparation of 
biodegradable nanocomposites is one of the most important advances in polymer science in food 
packaging. Polymer nanoparticles, zinc oxide nanosilver, nano-titanium dioxide and nanoclay can be 
mentioned in the most widely used nanoparticles used in antimicrobial packaging. Polymer nanoparticles 
with strong antimicrobial properties increase the shelf-life of foods. Also, polymer as a physicochemical 
enhancer of biopolymers can be used as one of the nano-materials used in the production of active 
nanocomposite packaging (Baba Zadeh and Almasi, 1392). 
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In this research, the production of Monte-Morillonite-based polymer nanocomposites has been 
studied, as well as antimicrobial activity and some studies in this field have been mentioned. 

MATERIALS AND METHODS 

Raw Materials 
Polypropylene 

In this research, Rijal Petrochemical Company was used as a light polypropylene granule. In Table 1, 
the general specifications of this type of polypropylene are presented. 

Sodium Bentonite 
In this study, sodium bentonite produced by the Powder Coating Company, using the chemical 

composition shown in Table 2 of the Oxford-ED 2000 XRF apparatus, is based on the laboratory complex 
of the Islamic Azad University, Science and Research Unit, and in the 200 mesh. . At Bento Nit, all particles 
had a size below 75 microns. 

Table 1: Properties of used materials 
120 melting point 

0.921 Density 
Solid granule physical state 

3-5 Melt Current Flow Index 
Table 2: Specifications of Bentonite (XRF spectrum) 

 
Table 3: The amounts of materials used to prepare each sample 

Nanoparticles of Montmorillonite 
(%Wt) 

Rice bran 
(%Wt) 

PP-G-MA 
(%Wt) 

PP1102XK 
(%Wt) 

Code of sample 

0 10 2 90 Co-1 
3 10 2 85 Co-2 
5 10 2 83 Co-3 
7 10 2 81 Co-4 

Compatibilizer 
The use of compatibilizer to avoid further compatibility between the organic and inorganic phase, 

helping to better dispersion and easier penetration of polymer chains into clay galleries and increasing 
the gap between nanoscale polymer nanoparticles is unavoidable. In this study, PP-g-MA, which was 
obtained from an anhydride polypropylene reaction, was used. The PP-g-MA used in this design is a 
pioneer of Aria Polymer, with a flow rate of 3gr / 10min and an averaging 85% of anhydride graphed with 
a melting point of approximately 125˚C. A 2% weight was used in the preparation of the samples. 

Rice Bran: Rice bran was harvested from Nirvana Health Company and 10% by weight was used in the 
preparation of samples. 

SAMPLE PREPARATION 

Nanoparticles of Montmorillonite 
In the clay purification, a 2-inch hydrocyclone device was used for the Mousseley model and in 

optimal conditions, which had previously been obtained in the laboratory. To correct the clay, a suitable 
type of gamma-trichloro-propyl tri-methoxysilane was used by Sigma Aldrich Company. 
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Preparation of the Mixture 
The extruder was used to mix the raw material and to perform the extrusion process and prepare the 

desired nanocomposite. The temperature of the various areas of the extruder was adjusted from the feed 
to the outlet at 125, 145, 155, 170, 185, 195, 195, and 200 degrees centigrade, respectively. Extrusion 
pressure was 12.5 bar and the melting temperature was 200 ° C. After ensuring that the path is cleaned 
and the proper conditions for the preparation of the samples are well mixed according to the formulation 
given in Table (3), they are fed into the extruder container through the feeding hopper. The materials 
were thoroughly mixed through the inside of the extruder and by applying a variety of shear forces and 
pressure. The melt was extracted from the extruder end of the die and then entered the granulation 
machine after passing through a cold water pool to cool it. 

ANALYSIS 

Nanoparticle Analysis of Montmorillonite 
Morphology of Nanoparticles of Montmorillonite 

As shown in Fig. 1, all particles in the used clay have dimensions less than 75 microns. Since particles 
below 5 microns are also separated from the impurities during purification to obtain a suitable product, it 
is imperative to use the appropriate method. The results of research on clay purification showed that the 
use of physical methods, such as hydrocyclone, is very useful, and most of the impurities in the clay can be 
removed using this clay. As shown in the XRD studies, using this method, most of the impurities such as 
quartz, crystalline, calcite, gibbsite and feldspar, and ....are largely isolated from clay, and are the product 
of clay, most of which are sodium montmorillonite Has formed. Particle distribution diagram (4) also 
shows that all particles have dimensions less than 5 microns and more than 80 percent of particles have 
dimensions less than 2 microns. 

As previously mentioned and also in Fig. 2, Montmorillonite has a layered structure in which clay 
layers with a thickness of less than 1nm are placed. By comparing the scale shown on the image of (2-4) 
and the thickness of the layers, and according to the reports on the structure of the crystalline Monte 
Morillonite, it can be seen that the layers observed in the image themselves were bunches of crystalline 
layers Which are placed on each other. The displacement of the 001 Monte Morillonite minerals to lower 
2θ angles is analyzed as a suitable criterion for increasing the gap between layers. 

 
Figure 1: Image of Bentonite Growing Electron Microscope before purification with magnification of 1000 

 
Figure 2: Image of Bentonite Growing Electron Microscope after Purification with a magnification of 1000 
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Figure 3: Cumulative distribution chart of clay particles in the feed after purification particles in feed 

before purification 

 
Figure 4: Cumulative distribution diagram of clay  

Montmorillonite Nanoparticle Structure (XRD) 
As in the XRD spectra of the unpolarized clay sample, Chart (1) and modified clay samples (2) 

increased the gap distance, and there is not much change from 7 to 9% in the layer spacing. As can be 
seen from these diagrams, the mineral peak 001 has been reduced from θ2 to about 7.25 to 4.5, which 
suggests that the lamina gap increased from 12.5 to more than 20 angstroms. 

 
Chart 1: XRD Spectrum Unmodified Clay Sample 

 
Chart 2: XRD spectra of modified clay samples 
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Table 4: Chemical analysis of nanoclay 

 
Table 5: Physical and mechanical properties of nanoclay 

 
IR Spectrum Survey  

As can be seen, by modifying the Montmorillonite, the following changes occurred in the infrared 
spectrum: transferring absorption bands related to the stretching of HO from the wave number 3629 to 
3627 in the modified montmorillonite, the transmission of the absorption band associated with the 
stretch HO The interlayer (hydrogen bond) from the wave number 3442 to 3445, the absorption band of 
the HOH curvature from the wave number 1634 to 1645, the transfer bond band for the O-Si bond 
gradient from the wave number 1055 to 1043, the absorption band transfer The change in the OH-Al 
bond from the wave number of 799 to 792 cm. Also, the wave numbers 528 and 467 in the infrared 
spectrum of montmorillonite were 522 and 467 in the spectrum The modified montmorillonite infrared 
was transmitted. 

 
Figure 5: IR spectra of Nanoparticles of modified montmorilloniteNanocomposite 

Morphology of Nanocomposites 
An electron microscope was used to study the morphology and particle distribution in composite 

samples of nanoclay particles. Before the SEM was prepared, the samples were placed in liquid nitrogen 
and then they were broken. 

Figures (6) to (9) show the images of the fracture surface of mixtures from different percentages of 
the particle carrier in a polymer matrix with magnitudes of 1,000 and 4,000. 

As you know, there is a particular connection between the two phases. In the microscopic image, white 
seeds exhibit the presence of rice bran in the composite. 
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Figure 6: Microscopic Image of Nano Composite Co-1 

 
Figure 7: Microscopic Image of Nano Composite Co-2 

 
Figure 8: Microscopic Image of Nano Composite Co-3 Figure 9: Microscopic Image of Nano Composite Co-4 

Nano Composite Structure (XRD Results) 
In order to investigate and prove the structure of nanocomposites and also to determine the type and 

structure of the samples prepared in this section, we will study the results of X-ray diffraction spectra. If 
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the graph does not have any peaks, then the vote can give rise to the oxfluence condition, and if the peak 
is observed at an angle less than the peak in the curve of the pure clay or in the soil clay, the distribution 
is less intrusive than XRD. From the curve and the study of the effects of nanoparticles on the peaks in the 
curve due to low or XRD due to the curve of increasing interlayer spacing in the structure of these 
particles can be influenced by the increase and decrease of clay in this case.As shown in Fig. 9, the spacing 
of the plates in the nanocomposites of 5 and 7% by weight of clay nanoparticles is Å 58.81, Å 14.40 and Å 
86.32, at θ2 Â 1.08, Â 2.19, Â 2. 68 has occurred, while nanocomposites containing 3% by weight 
nanoparticles of clay are not observed. 

 
Figure 10: XRD curve for CO-1 sample  

 
Figure 11: XRD curve for CO-2 sample                            

 
Figure 12: XRD curve for CO-3 sample Figure 13: XRD curve for CO-4 sample 

In all three cases, loading of clay with a percentage of 3 to 5 and then to 7 peaks of the curve to the left, 
and also the study of the permeability properties is necessary in order to verify the structure of 
nanocomposites. 
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By simultaneously increasing the weight percentage of clay, the nanocomposite structure is directed 
toward the desired structure, and the best distribution of silicon layers is achieved in the presence of a 
compatible polymer during the polymer phase and the presence of clay nanoparticles occurs at 5% and 
7% by weight. 

Nanocomposite Structure (IR results) 
As shown in Figures 12 to 15, the bonds of CO, CH (double) and OH of the end group -CH (CH3) -OH in 

the hybrid Ni-monomolithic reinforced nanocomposites, in cm-1 1693, cm-1, 2122, cm-1, 2920 and cm-1, 
3502 are observed. Due to the presence of the group -CH-CO-O-, there is also the possibility of observing 
the Carboniferous group (C = O) in the 1831 range. Also, the presence of peaks at 1312, 1479, 1502 and 
1591 is also due to C-O bonds and symmetric and asymmetric bonds of CH3 and -CH-. 

 
Figure 14: IR spectra of nano-composite Co-1 

 
Figure 15: IR spectra of nano-composite Co-2 

 
Figure 16: IR spectra of nano-composite Co-3 
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 Figure 17: IR spectra of nano-composite Co-4 

Tensile Strength 

The results of the tensile test are shown in Figures (3) and (4). 

 
Chart 3: Tensile strength changes due to tensile test 

 
Chart 4: Tensile modulus changes due to tensile test 

As it has been shown, increased tensile strength and tensile modulus have occurred in all specimens. 
The amount of this increase in sample 1 is the lowest value of 30.5 and in sample 3, the highest value is 
38.9. This can also be attributed to an increase in the adhesion between the nanoscale surfaces of the 
polymer matrix Monte MoriLonite, which naturally increases the tensile strength. 

Impact Resistance 

The nanocomposite impact strength variations in different percentages of clay nanoparticles in the 
slab (5) are shown. By increasing the concentration of nanoparticles within the matrix in higher weights, 
the impact properties decrease. Nano-particle layers, which have a higher rigidity and stiffness than the 
matrix, improve the strength of nanocomposite by changing the direction of the cracks and lengthening 
their path. The loss of properties at concentrations of more than 3% can be justified by the fact that the 
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presence of some nanoparticle screens that remain intact as stress concentration points in the sheet 
areas, causing system defects and ultimately reducing impact properties. 

Water Vapor Absorption 

The absorption rate of nano-composites by increasing the percentage of nanoparticles is shown in 
Figure 6. As can be seen, with increasing nanoparticles, the absorption of composite water decreases 
significantly, which shows a very high dependence of water absorption on the concentration of 
nanoparticles. Also, due to the fact that the addition of nano particles to the resin increases the interface 
between the resin and the nanoparticles, the contact surface of the water droplets with the resin 
decreases and reduces the water absorption of the pure resin. 

 
Chart 5: Nano composite impact strength variations 

 
Chart 6: Nano Composite Water Absorption Rate Changes 

Oxygen Permeability 
As seen in Chart (7). By increasing the amount of nanoparticles, the oxygen permeability also 

decreases. However, the degree of permeation reduction from state 1 to state 4, from 0% by weight of 
nanoclay to 7% by weight, is about 20%, which results in an increase in the distance between the silicate 
layers, which takes the most appropriate structure. 

TGA Test 

This is shown in the TGA curve, and the amount of weight loss at 100 ° C is the boiling point of water 
recorded. This amount of weight loss relates to the moisture content of the material that is dried and the 
weight of the substance is reduced. 

Similarly, the temperature of material degradation can be detected. The degradation temperature 
indicates a significant weight loss indicating the decomposition of matter and its conversion into gas, 
resulting in a very heavy weight loss agent and the remainder of the polymer substance. Graph (8) shows 
the percentage of polymers in nanocomposites that exactly matches the formulation table of the samples. 
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Chart 7: Oxygen permeability changes 

 
Chart 8: TGA changes 

Oxidation Resistancy (OIT) 

The oxidative stability time is the determination of the resistance of a substance to oxidation by 
thermal analysis, the time interval between the onset of thermal oxidation in a material at a specific 
temperature in the oxygen atmosphere until the beginning of the material degradation reaction. Indeed, 
the higher the thermal stabilizer additive, the higher the index, the greater the time it takes to start the 
thermal degradation of the substance. 

As shown in Chart (9), with the increase in the nanoscale volume, the temperature of the oxidation of 
the nanocomposite decreases. 

Determination of Melting Temperature (DSC) 

The DSC is used to identify the polymer, detecting the melting point. As shown in Chart (10), 
increasing the amount of nanoparticles in composite samples increases the melting temperature of the 
sample, which indicates a uniform phase between the nanoparticles and the polymeric surface. And the 
existence of a compatible ingredient can not be forgotten. 

 
Chart 9: Changes in oxidation resistance 
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Chart 10: Melting temperature variations 

Measuring Antibacterial Activity 

In the study of antimicrobial activity of nano-particles of montmorillonite in nanocomposites prepared 
according to Table (6), it was observed that nanocomposites stopped the growth of E. coli bacteria as 
compared to the control sample, and the highest growth rate of the bacterium was up to 3% of the 
nanoparticles, and more From 3% is almost constant and for antibacterial activity, increasing the 
percentage of nanoparticles from 3% is not required. 

Also, to stop Staphylococcus aureus bacteria, according to Table 8, it was observed that in nano-
composites, the growth of the Eurius bacterium is stopped in comparison to the control sample, and the 
maximum stopping rate of this bacterium is up to 3% of the nanoparticles and more than 3% is almost 
constant And for antibacterial activity, increasing the percentage of nanoparticles is not necessary from 
3%. 

Table 6: Measuring of E. coli antibacterial activity 
Count the number of E. coli bacteria immediately 

after inoculation 
sample 

4 . 160 Control sample 
Table 7: Measuring of Staphylococcus aureus antibacterial activity 

Count the number of Staphylococcus aureus 
bacteria immediately after inoculation 

sample 

4 . 160 Control sample 
Table 8: Investigation on the growth of E. coli bacteria in nanocomposite samples 

Counting the number of Escherichia coli bacteria immediately after 24 hours sample 
5.2 * 107 Co-1 
3.1 * 106 Co-2 
3.5 * 106 Co-3 
3.5 * 106 Co-4 

Table 9: Investigation on the growth of Staphylococcus aureus bacteria in nanocomposite samples 
Counting the number of Staphylococcus aureus bacteria immediately after 24 hours sample 

3 * 106 Co-1 
3.1 * 106 Co-2 
3.3 * 106 Co-3 

3.32 * 106 Co-4 
CONCLUSION 

The summary of the results presented in this study is as follows: 

• With respect to the microscopic images of CO-1 and CO-2 samples, there is a certain continuity 
between the two phases, in fact, there is actually a phase observed, and it can be claimed that, on 
the one hand, two polymers used, polypropylene And compatibility are well adapted to each 
other. On the other hand, as illustrated in the photographs, using malic anhydride as a 
compatibilizer, we can see the acceptable compatibility between the polymer phase and the soil 
in the role of filler phase. 
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• According to the XRD test, the basis of the performance of polymer-clay nanocomposites is based 
on their structure. In other words, the distribution of clay nanoparticle layers, which includes 
both the exfoliation and intercalation modes, directly affects the properties of nanocomposites. 

• According to the XRD test, nanocomposites reinforced with higher percentages of clay 
nanoparticles, resin molecules could penetrate the plates and create a sheet structure, and yet a 
number of clay nanoparticles of the clay structure remained intact. 

• According to the XRD test for low weight percentages of clay nanoclay particles (3), Pikis did not 
indicate the presence of nano uncovered layers. 

• According to the XRD test, in all three cases, soil clay loading with a percentage of 3 to 5 and then 
7 peaks to the left curve. 

• According to the results of the IR test, all of the observed links are similar to those of other 
researchers, with the addition of reinforced hybrid nanocomposites, a new courier appeared in 
the 3948 range related to hydroxyl linkage and chemical interaction between hybrid 
nanocomposites reinforced with montmorillonite. 

• In accordance with the tensile test, an increase in tensile strength and tensile modulus occurred 
in all specimens. The amount of this increase in sample 1 is the lowest value of 30.5 and in 
sample 3, the highest value is 38.9. 

• Increased tensile strength due to increased adhesion between the nanotubes of the polymer 
matrix's Montmorillonite nanoparticles, which naturally increases tensile strength. 

• According to the results of the resistance test, the trend of increasing the impact properties by 
increasing the concentration of nanoparticles can be attributed to the presence of interspersed 
and laminated plates in the system. The dispersed plates of clay nanoparticles by halting and 
changing the trajectory of cracked cracks reduce the possibility of cracking, thus increasing the 
impact strength of the specimens. 

• According to the results of the resistivity test, the presence of dispersed particles of nanoparticles 
in the resin, by increasing the modulus of the samples, delayed the cracking or cracking step and 
increased the strength of the specimens. 
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