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Abstract: The paper studies the effect of graphene nanofillers on the physical and mechanical properties of 

composites based on polypropylene. Methods for the homogeneity of the system with the introduction of nanofillers 

are proposed. The possibility of using graphite nanofillers to obtain composites based on polypropylene is shown. 
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Introduction 

Methods for obtaining polymer composite 

materials depend and are determined, first, by the state 

of aggregation, as well as the type and type of filler 

introduced [1]. Most of the methods for producing 

polymer composites include the stage of making so-

called press powders either by the wet method, for 

example, by impregnation with resins, or by the dry 

method, for example, by rolling. These technological 

solutions are multi-stage and expensive, 

environmentally harmful, and lead to wear and tear of 

technological equipment. Today in developed 

countries, it is used, showing the prospects for the use 

of graphite nanotubes, nanofibers, graphene particles 

as effective modifiers [2]. Despite the availability of a 

number of results obtained in this field, until now 

there is no general concept of filling polymers with 

graphene nanofillers. Combining graphite nanofillers 

with a polyolefin matrix is a very successful way to 

combine the mechanical properties of nanostructures 

with the advantages of composite materials based on 

polyolefins. The unique properties of graphite 

nanostructures make them ideal reinforcing agents in 

polymer matrices [3]. 

It is difficult to incorporate graphene particles 

into a polymer matrix. In order to realize the 

properties of graphite nanostructures, an extended 

interfacial area between the nanostructures and the 

polymer is required. The use of solution technology 

does not allow achieving the goals of 
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nanomodification, and the properties of such a 

composite are significantly low. The physical and 

mechanical properties of polyolefins reinforced with 

graphene nanofillers do not significantly improve, 

since weak interfacial adhesion at the polymer – 

nanofiller phase interface interferes with the 

connection [4]. 

The introduction of nanofillers into the melt 

under intense loads is an alternative method for 

thermoplastic polymers. The advantages of this 

technology are high productivity, compatibility with 

standard polymer processing technologies, and 

standard equipment. Therefore, there is growing 

interest in the inclusion of graphite nanoparticles in 

polymer matrices to obtain materials with improved 

characteristics [5]. 

Our research is devoted to the creation of 

composites based on polypropylene and graphite 

nanoparticles. For the study, we used Chinese-made 

nano graphene powders [6,7,8]. 

Polypropylene (grade 01030) was used as a 

polymer matrix. A laboratory extruder (temperature 

from 150 to 20 ° C) was used to move the 

nanocomposites. After dry mixing, all components 

were added simultaneously to the hopper. To assess 

the properties, samples were obtained under pressure 

at 185–225 ° C on an LMU-500 injection-molding 

machine [9,10,11]. 

Commercially produced graphene nanofillers 

inevitably contain impurities, have different 

defectiveness, high van der Waals interaction, which 

leads to the aggregation of graphite structures and 

complicates their uniform distribution in the polymer 

matrix. For uniform dispersion of nanofillers in a 

polypropylene matrix, an UZS-01 ultrasonic mixer 

was additionally used. Polypropylene nanocomposites 

were prepared by diluting a propylene glycol-based 

concentrate, a nanofiller, in a polypropylene matrix 

while mixing in a melt. Then, standard samples were 

prepared under pressure by the casting method 

[12,13,14]. 

The physical and mechanical properties of 

polymer nanocomposites largely depend on the 

dispersion of the filler and the interfacial interaction at 

the interface. Efficient stress transfer at the 

polypropylene - nanofiller interface determines the 

high strength characteristics of the material. Table 1 

shows the properties of nanofilled polypropylene. 

 

 

Table 1. Influence of graphite nanofillers on the properties of composites based on polypropylene 

 

Composition 

 

Melt flow rate, g / 

10 min 

 

Flexural 

strength, MPa 

Impact 

strength, kJ / 

m2 

Strength at 

rupture, MPa 

Polypropylene 2,7 36 70 38 

Polypropylene + graphite 

nanoparticles, 4:1 wt rel. 3,1 44 86 49 

 

 

It can be noted that in the case of using graphene, 

the effect of significant strengthening of the composite 

and an increase in its impact toughness at a degree of 

filling of 0.01 wt. % can presumably be associated 

with two circumstances: both graphene surfaces are 

used in the formation of contacts between the matrix 

and the filler; not excluded are "through" interactions 

"matrix - matrix" through the graphene layer, the 

thickness of which approximately corresponds to the 

atomic diameter of carbon [15,16,17]. 

In addition, when using ultrasonic action, when 

graphene particles are introduced, they are 

disaggregated due to the so-called wedging effect. As 

you know, an ultrasonic emitter creates waves with a 

high frequency, macromolecules and aggregates begin 

to vibrate under the action of a sound wave, alternately 

pressure and vacuum are created in the medium, high 

local pressures arise, spherical shock waves are 

formed, which lead to the destruction of nanofiller 

agglomerates. 

 

 

 

 

 

References: 

 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 9.035 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  818 

 

 

1. (2014). Composites based on polyolefins. Ed. D. 

Nwabunma, T. Kyu. Translated from English. 

(p.744). SPb.: Scientific bases of technology. 

2. (2011). Polymer nanocomposites. Ed. Yu-Wing 

Mai, Zhong-Zhen Yu. (p.688). Moscow: 

Technosphere. 

3. Rakov, E.G. (2013). Carbon nanotubes in new 

materials. Uspekhi khimii, T. 82, No. 1, pp.27-

47. 

4. Azarenkov, N.A., Beresnev, V.M., Pogrebnyak, 

A.D., & Kolesnikov, D.A. (2012). 

Nanostructured Coatings and Nanomaterials: 

Production Basics. Properties. Areas of use. 

Features of the modern nanostructural direction 

in nanotechnology. (p.368). Moscow: Book 

House "LIBROKOM". 

5. Shitov, D.Yu., Kravchenko, T.P., Osipchik, 

V.S., & Rakov, E.G. (2013). Composite 

materials based on polypropylene with carbon 

fillers. Plastics, No. 3, pp.29-32. 

6. (n.d.). Retrieved from 

http://ITC.UA/articles/grafen/mnogoobeshchay    

7. (n.d.). Retrieved from 

http://www.pravda.ru/science    

8. (n.d.). Retrieved from http://elementary.ru/news   

9. Xiaolin, Li., et al. (2008). Highly conducting 

graphene sheets and Langmuir – Blodgett films. 

Nature Nanotech, V. 3, pp. 538-542.  

10. Yenny, H., et al. (2008). High – yield production 

of graphene by liquid – phase exfoliation of 

graphite. Nature Nanotech, V. 3, pp. 563-568.  

11. Meyer, J. C., et al. (2008). Direct Imaging of 

Lattice Atoms and Topological Defects in 

Graphene Membranes. NanoLetters, doi: 

10.1021/nl801386m.  

12. Bunch, J. S., et al. (2008). Impermeable Atomic 

Membranes from Graphene Sheets. 

NanoLetters, V.8, No.8, pp.2458-2462.  

13. (n.d.). Retrieved from 

http://www.forbes.ru/techno/budushchee/13405

-grafen–materiya-tolshchinoi–v-atom     

14. Geim, A. K., & Kim, P. (2008). Carbon 

Wonderland. Scientific American, No. 4, pp.90-

97.  

15. (n.d.). Retrieved from 

http://www.rsci.ru/Science news/149013.php     

16. (n.d.). Retrieved from 

http://www.otsuji.riec.tohoku.ac.jp/CREST/ISG

D/   

 

 

 

 

 

http://itc.ua/articles/grafen/mnogoobeshchay
http://www.pravda.ru/science
http://elementary.ru/news
http://www.forbes.ru/techno/budushchee/13405-grafen–materiya-tolshchinoi–v-atom
http://www.forbes.ru/techno/budushchee/13405-grafen–materiya-tolshchinoi–v-atom
http://www.rsci.ru/Science%20news/149013.php
http://www.otsuji.riec.tohoku.ac.jp/CREST/ISGD/
http://www.otsuji.riec.tohoku.ac.jp/CREST/ISGD/

