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Abstract: Polypropylene (PP) composites are often enhanced with fillers to meet industry demands 

and reduce costs, improving both mechanical properties and cost-effectiveness. This study explores a 

PP composite with a negative ion releasing agent, prepared in varying amounts. Tests revealed that 

increased agent content improved Young’s modulus and yield strength but decreased elongation at 

break and impact toughness. Thermal stability was also significantly enhanced. The composite offers 

strong mechanical properties, improved conductivity, antioxidant capacity, and thermal stability, 

making it suitable for electronics, medical devices, and other industrial applications. These advantages 

highlight its potential for further development in high-performance PP composites. 

 

Keywords: Polypropylene; Composite material; Thermal properties; Mechanical properties 

1.  Introduction 

Polypropylene (PP) is a versatile thermoplastic with excellent properties such as high strength, 

toughness, heat resistance, and chemical stability. It is widely used in various industries, including 

furniture, automotive, medical instruments, and packaging materials [1-5]. However, PP has 

limitations, including susceptibility to UV radiation, flammability, and poor cold resistance, 

necessitating modifications to enhance its performance [6-8]. 

PP modifications aim to improve mechanical properties, heat resistance, corrosion resistance, 

and processability. Chemical modifications like copolymerization and grafting alter the molecular 

structure, while physical modifications such as blending and reinforcement improve material 

properties [9-14]. Inorganic fillers like calcium carbonate and talc increase hardness and wear 

resistance, while bio-based fillers enhance cost-effectiveness and environmental friendliness [15-

20]. 

Adding fillers, toughening agents, and UV stabilizers significantly improves PP’s performance 

[21-26]. Inorganic fillers enhance heat and chemical resistance, while reinforcing agents like glass 

fibers boost strength and stiffness. These modifications expand PP’s application range, making it 

suitable for high-performance uses in various industries [17, 27-30]. 

2. Experimental Part 

2.1 Experimental Objective 

The objective of this experiment was to prepare polypropylene (PP) composite materials using 

various additives to enhance their mechanical properties. The study aimed to examine the effects of 
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different fillers, such as tourmaline powder, talc, calcium powder, and radium stone powder, on the 

material’s properties, including antistatic ability, flowability, strength, wear resistance, and surface 

quality.  

2.2 Experimental Materials 

The primary materials used in this experiment were MM20S polypropylene, tourmaline powder, 

talc, calcium powder, and radium stone powder. Different formulations were created with varying 

proportions of these substances to investigate their effects on the composite properties. The equipment 

used included a vacuum hot press, an electronic universal testing machine, and a PP kneader. 

Table 1. Proportioning ratios of the samples used in this experiment. 

Nr. PP Tourmaline Talcum Calcium Lanthanum 

A0 100 - - - - 

A1 80 10 5 5 - 

A2 70 20 5 5 - 

A3 60 25 10 5 - 

A4 70 5 15 10 - 

A5 60 15 5 5 15 

 

2.3 Sample Preparation 

Samples were prepared by mixing the PP and additives in a kneader at 240°C for 15 min. The 

mixture was then molded using a vacuum hot press set at 200°C and 500 kg of pressure for 40 min. 

After molding, the samples were cooled and demolded, ensuring that the integrity of the samples 

was preserved for further testing. 

2.4 Sensory Data Analysis  

The mechanical properties of the composite materials were quantitatively evaluated using an 

electronic universal testing machine (Figure 1), which recorded data on tensile strength, elongation 

at break, and other key performance metrics. These results were used to analyze the effectiveness of 

the various additives in enhancing the PP’s mechanical and surface properties, providing insights for 

further applications. 

 

Figure 1. The electronic universal testing machine.  

 

2.6 Chemical Analysis 

The chemical composition of the polypropylene (PP) composites was indirectly influenced by 

the addition of various fillers, including tourmaline powder, talc, calcium powder, and radium stone 

powder. These additives were selected to modify the PP matrix’s properties such as antistatic 

performance, flowability, strength, and wear resistance. However, the experiment focused primarily 



Mater. Sci. Innov. 2024, 1, 1-7                                                                                           3/7     

 

Materials Science Innovations (Online) ISSN 2943-3169  

on the physical blending process, without direct chemical analysis of the resulting composites. 

 

2.7 Chemical Analysis of Data Processing 

Data processing primarily focused on the mechanical properties measured through tensile tests 

rather than chemical composition analysis. The data from the electronic universal testing machine 

included metrics such as tensile strength, yield strength, elongation at break, and elastic modulus. 

These mechanical properties were used to assess the impact of the different fillers on the PP 

composite’s performance, providing quantitative insights into how the chemical additives affected 

the material’s overall behavior. 

 

3. Results and Discussion 

3.1 Mechanical Results Analysis 

The mechanical performance of polypropylene composite materials was analyzed through 

tensile fracture testing using an electronic universal testing machine. Key parameters, including 

stress, strain, and Young’s modulus, were calculated for samples with varying compositions.  

Stress-Strain Behavior, Figure 2: The stress-strain curves for the samples showed a gradual 

increase in stress up to a peak, followed by a sharp drop upon fracture. Samples with modifying 

substances, such as tourmaline powder and talc, exhibited higher Young’s modulus and tensile 

strength but lower elongation at break, indicating enhanced stiffness but reduced toughness. 

 

Figure 2. Stress-Strain Graph of the Highest Young’s Modulus Among Each Group. 

 

Figure 3. Average Young’s Modulus of Various Samples. 

 

Young’s Modulus, Figure 3: Samples with added fillers displayed a significant increase in 

Young’s modulus, with the highest value recorded for sample A5 (maximum 1475 MPa, average 

1291 MPa). Sample A4, which combined enhancers and fillers, showed a balanced improvement in 
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rigidity, strength, and toughness, demonstrating optimal mechanical performance. 

Impact of Modifying Substances, Figure 3: The addition of fillers such as tourmaline and talc 

improved the material’s rigidity and strength. However, it also reduced the elongation at break, 

highlighting a trade-off between strength and toughness. Among all the samples, A4 exhibited the 

best overall mechanical properties, with enhanced modulus, ultimate strength, and toughness, 

making it suitable for high-demand applications where both rigidity and durability are essential. 

The analysis concludes that while modifying substances significantly enhance mechanical 

properties, a careful balance is required to maintain sufficient material toughness. 

 

3.2 Morphology of Polypropylene Composite with Ion Releaser 

The surface and internal structures of polypropylene composite materials containing negative 

oxygen ion releasers were examined using Scanning Electron Microscopy (SEM) and Transmission 

Electron Microscopy (TEM). As seen in Figure 4, SEM images revealed typical ductile fracture 

characteristics, including cracks along grain boundaries and voids in sample A0. The composite 

material’s cross-section showed an even distribution of the negative oxygen ion releaser within the 

polypropylene matrix, creating a denser structure with fewer pores and defects. 

 
Figure 4. SEM Image of A0. 

 

The addition of the negative oxygen ion releaser also promoted crystallization in the 

polypropylene matrix, resulting in small crystalline areas, which improved the material’s hardness 

and strength. This enhanced structure and mechanical performance make the composite material 

suitable for various applications, providing improved durability and strength (Figure 5). 

 

 

Figure 5. SEM Image - A3 (Top) and A5 (Bottom). 
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3.3 Thermal Performance of Polypropylene Composite with Ion Releaser 

Thermal Gravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) showed 

that polypropylene composites with negative oxygen ion releasers exhibited good thermal stability. 

All samples underwent two stages of mass loss: in Figure 6, a slight first loss around 160-200°C due 

to partial thermal degradation of the PP resin, and a strong second loss between 390-506°C, 

indicating complete carbonization of the PP resin. The remaining mass consisted of carbonized resin 

and unaffected modifying substances. These results suggest that the composites possess excellent 

resistance to high-temperature degradation, making them suitable for high-temperature applications. 

 

Figure 6. TGA Curve - A0 (Left), A3 (Mid) and A5 (Right). 

 

3.4 Elemental Analysis of Polypropylene Composite with Ion Releaser  

Elemental mapping of polypropylene composites revealed that carbon (C) and oxygen (O) were 

the predominant elements across all samples. In the blank group in Figure 7, C accounted for 93.91%, 

while O was 6.09%, consistent with the carbon-based composition.  

 

Figure 7. Elemental Analysis of A0. 

 

In samples with added modifiers (A1-A5), other elements like magnesium (Mg), aluminum 

(Al), silicon (Si), calcium (Ca), and iron (Fe) were detected, Figure 8, contributing to enhanced 

material properties such as hardness and strength. The distribution of these elements varied across 

samples, with A5 showing the most uniform elemental distribution, improving material stability and 

performance.  

 

Figure 8. Elemental Analysis - A3 (Left) and A5 (Right). 

 

4. Conclusion 

This study focused on the effects of adding negative oxygen ion releasers to polypropylene 
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composite materials. Through mechanical testing, including tensile and bending tests, it was found 

that the addition of these releasers significantly improved the material’s strength, stiffness, and 

overall mechanical performance. The experimental results demonstrated that the modified 

composites exhibited superior stability and residual strength compared to those without the releasers. 

In conclusion, incorporating negative oxygen ion releasers into polypropylene composites enhances 

their mechanical properties, making them more suitable for use in demanding environments. 
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