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Abstract 
 

In this paper, the attempt of conceptual description of polymer composite materials as dispersed 
systems on the example of polymer latexes has been made. The pronounced similarities, like 
interphase boundary as well as difference in hydrophilic and hydrophobic properties of solid phase 
and medium allows to apply similar approaches to these systems. 
 

Keywords 
 

Nanoparticles – Adsorption – Polymers – Latexes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Para Citar este Artículo: 
 

Dorokhov, Victor y Hauser, Yulia. Polymer composite materials as dispersed systems. Revista 
Inclusiones Vol: 7 num Especial (2020): 181-186. 

 
Licencia Creative Commons Atributtion Nom-Comercial 3.0 Unported 

(CC BY-NC 3.0) 
Licencia Internacional 

 
 



REVISTA INCLUSIONES ISSN 0719-4706 VOLUMEN 7 – NÚMERO ESPECIAL – OCTUBRE/DICIEMBRE 2020 

PH. D. VICTOR M. DOROKHOV / LIC. YULIA HAUSER 

Polymer composite materials as dispersed systems pág. 182 

 
Introduction 
 

Phenomenological similarities of polymer composite materials and dispersed 
systems allow to develop a new approach for investigation of structure and properties of 
polymer composite materials1. In the framework of this approach, examination of colloid 
aspects of dispersions stability, surface phenomena, adsorption at interphases and 
mechanical treatment can provide valuable information. For stabilization of non-equilibric 
phase structures, application of both surfactants (physical and chemical approach) and 
intensification of heat and mass transfer by mixing and disintegration of components can be 
used2. One of such intensification techniques is wave treatment, allowing to initiate non-
linear resonance vibrations in multiphase media3. 
 
Approaches for description of latex and suspension systems 
 

Aqueous dispersed systems like latexes have been being widely applied as 
polymeric composite materials in technics, construction and various branches of industry4. 
Specific features of properties of such systems cause their great value for biology and 
medicine, too5. Among other applications, latex systems are being used as composite 
materials in chemical, pharmaceutical, food-processing industry, in medicine, including their 
application as various membranes (dividing and ionic) and also as the modelling systems, 
allowing to study exchange processes in alive organisms, microbiology, biochemistry, etc6. 
Biomaterials where latexes play role of components in the composite materials which are 
carrying out functions of a skeleton for biocarriers, are also of great interest7. 
 

The study of influence of vibrating treatment on dynamic behaviour of multiphase 
systems allowed to establish that the intensification of heat and mass transfer under the 
generation of nonlinear vibrations in polymeric dispersions can be accompanied by the 
relaxation phenomena (such as vibrorelaxation, vibroflowing, vibrotixotropy)8.  

                                                
1 A. A. Asratyan; S. A. Ambrozevich; O. S. Andrienko; N. A. Bulychev; A. G. Grigoryants; M. A. 
Kazaryan; S. M. Kazaryan; N. A. Lyabin; R. G. Mkhitaryan; G. A. Tonoyan; I. N. Shiganov y V. I. 
Sachkov, “Comparative analysis of parameters of pulsed copper vapour laser and known types of 
technological lasers”, Proceedings of SPIE Vol: 10614 num 02 (2018). 
2 Yu. V. Ioni; S. V. Tkachev; N. A. Bulychev y S. P. Gubin, “Preparation of Finely Dispersed 
Nanographite”, Inorganic Materials, Vol: 47 num 6, (2011): 597-602. 
3 N. A. Bulychev; M. A. Kazaryan; A. D. Kudryavtseva; M. V. Kuznetsova; T. F. Limonova; N. V. 
Tcherniega y K. I. Zemskov, “Anti-Stokes luminescence in nanoscale systems”, Proceedings of SPIE, 
Vol: 10614 num 0N (2018). 
4 Yu. O. Kirilina; I. V. Bakeeva; N. A. Bulychev y V. P. Zubov, “Organic-inorganic hybrid hydrogels 
based on linear poly(N-vinylpyrrolidone) and products of hydrolytic polycondensation of 
tetramethoxysilane”, Polymer Science Series B, Vol: 51 num 3-4 (2009): 135. 
5 Yu. P. Aleksandrova; N. S. Budanova; A. A. Farmakovskaya; N. S. Okorokova; G. N. 
Ustyuzhaninova; N. P. Zharova y V. Kohlert, “Organic pigments surface modification by isobutyl vinyl 
ether copolymers under the action of ultrasonic”, Revista Inclusiones, Vol: 7, num Especial (2020): 
11-21. 
6 K. V. Pushkin; S. D. Sevruk; N. S. Okorokova y A. A. Farmakovskaya, “The most efficient corrosion 
inhibitors for aluminum anode of electrochemical cell used as a controlled hydrogen generator”, 
Periodico Tche Quimica, Vol: 15 num 1 (2018): 414-425. 
7 A. S. Averyushkin; A. N. Baranov; N. A. Bulychev; M. A. Kazaryan; A. D. Kudryavtseva; M. A. 
Strokov; N. V. Tcherniega y K. I. Zemskov, “Stimulated low-frequency Raman scattering in aqueous 
suspension of nanoparticles”, Proceedings of SPIE, Vol: 10614 num 0K (2018). 
8 I. S. Burkhanov; L. L. Chaikov; N. A. Bulychev; M. A. Kazaryan y V. I. Krasovskii, “Nanoscale metal 
oxide particles produced in the plasma discharge in the liquid phase upon exposure to ultrasonic 
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Considering the crucial role of relaxation processes in behaviour of real polymeric 

materials, it is necessary to emphasize that the sensitivity of relaxation characteristics to 
structural inhomogeneties and to transformations under external influences that is most 
pronounced in such heterogeneous systems as polymeric mixtures and polymeric 
composite materials9. Features of a structure of macromolecules and supramolecular 
formations, causing variety of forms of molecular mobility in polymers, lead to a number of 
relaxation processes; all of them are related to a heat movement of kinetic units of the certain 
kind and can be described by a spectrum of times of a relaxation10. Therefore, spectral 
representations have been used by consideration of structural changes under influence of 
vibrating influence on polymers and polymeric composite materials11. 
 

In this work, the wave vibrations in sound and ultrasound frequency ranges were 
applied for treatment of multiphase systems such as emulsions and suspensions based on 
industrial oil and water, butadiene-styrene and acrylic latexes, water-soluble polymers 
(gelatin, starch, polyacrylic acid, polyacrylamide) with activated coal, silica, zeolite, 
composition of inorganic pigments (titanium dioxide and ferrous oxide) with polymer 
stabilizers based on cellulose ethers12. The wave treatment was demonstrated to affect 
rheological and colloid properties of these dispersed systems13. The decrease of cinematic 
and dynamic viscosity of polyacrylic acid, polyacrylamide and thickened compositions, 
increase of thickeners dispersity14. The increase of adsorption saturation of surface of 
dispersed particles as a result of ultrasonic treatment was exemplarily investigated on 
titanium dioxide and ferrous oxide solid particles15. This proves that intensive wave treatment 
provides the intensification of mass transfer processes, affecting the behaviour of polymer 
surfactants at interphase surface16. 

 

                                                
cavitation. 2. Sizes and stability. Dynamic light scattering study”, Bulletin of the Lebedev Physical 
Institute, Vol:41 num 10 (2014): 297-304. 
9 A. S. Averyushkin; A. N. Baranov; N. A. Bulychev; A. I. Erokhin y M. A. Kazaryan, “Ag nanoparticles 
suspensions for stimulated Rayleigh backscattering of single frequency 0.5 micron pulsed laser 
radiation”, Proceedings of SPIE, Vol: 10614 num 1L (2018). 
10 N. A. Bulychev; E. L. Kuznetsova; V. V. Bodryshev y L. N. Rabinskiy, “Nanotechnological Aspects 
of Temperature-Dependent Decomposition of Polymer Solutions”, Nanoscience and Technology: An 
International Journal, Vol: 9 num 2 (2018): 91-97. 
11 A. V. Ivanov; V. N. Nikiforov; S. V. Shevchenko; V. Yu. Timoshenko; V. V. Pryadun; N. A. Bulychev; 
A. B. Bychenko y M. A. Kazaryan, “Properties of Metal Oxide Nanoparticles Prepared by Plasma 
Discharge in Water with Ultrasonic Cavitation”, International Journal of Nanotechnology, Vol: 14 num 
7/8 (2017): 618-626. 
12 Yu. P. Aleksandrova; N. S. Budanova; A. A. Farmakovskaya; N. S. Okorokova; G. N. 
Ustyuzhaninova; N. P. Zharova y V. Kohlert, “Theoretical and experimental studies of the spectral 
characteristics of doped semiconductors using zinc oxide and sulfide”, Revista Inclusiones, Vol: 7, 
num 3 (2020): 453-463. 
13 N. A. Bulychev; M. A. Kazaryan; A. Ethiraj y L. L. Chaikov, “Plasma Discharge in Liquid Phase 
Media under Ultrasonic Cavitation as a Technique for Synthesizing Gaseous Hydrogen”, Bulletin of 
the Lebedev Physical Institute, Vol: 45 num 9 (2018): 263-266. 
14 Y. A. Dyakov; M. A. Kazaryan; M. G. Golubkov; D. P. Gubanova; N. A. Bulychev y S. M. Kazaryan, 
“Laser-induced dissociation processes of protonated glucose: dehydration reactions vs cross-ring 
dissociation”, Proceedings of SPIE, Vol: 10614 num 17 (2018). 
15 A. V. Rudnev; N. G. Vanifatova; T. G. Dzherayan; E. V. Lazareva y N. A. Bulychev, “Study of 
stability and dispersion composition of calcium hydroxyapatite in aqueous suspensions by capillary 
zone electrophoresis”, Russian Journal of Analytical Chemistry, Vol: 68 num 8 (2013): 700. 
16 N. A. Bulychev; M. A. Kazaryan; E. S. Gridneva; E. N. Murav’ev; V. F. Solinov; K. K. Koshelev; O. 
K. Kosheleva; V. I. Sachkov y S. G. Chen, “Plasma discharge with bulk glow in the liquid phase 
exposed to ultrasound”, Bulletin of the Lebedev Physical Institute, Vol: 39 num 7 (2012): 214-220. 
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Investigation of dispersity of latex compositions have shown the decrease of latex 

particle diameter after wave treatment17. Particles size distribution curves demonstrate 
narrowing the polydispersity, that proves the efficiency of wave treatment for disintegration 
of particle associates and increase the overall system stability. Ability to obtain more 
homogenic compositions allow to apply them as a base of paint materials and impregnated 
textile nonwoven materials with enhanced mechanical and functional properties18. 
 

It is obvious, that correlation of anisotropy of structure and physicomechanical 
parameters of properties is most pronounced in the presence of anisodiametric 
morphological formations. Comparison of physicomechanical properties of films obtained 
from latex treated by vibrowave action and in solid-phase mixturing of the same polymers, 
where defining criteria are stress and deformations of a shift, allows to prove the efficiency 
of vibrowave influence. 
 

The wave effects concerning the organization of a controlled turbulization in a 
resonance regime in multiphase systems, three-dimensional current and deagglomeration 
of associates, lead to obtaining dispersions with narrower particle size distribution and, 
consequently, more homogeneous films with an increased level of physical and mechanical 
properties19. 
 

The explanation of observed effects of modifying influence of vibrowave treatment 
on multiphase systems which is carried out by the direct excitation of nonlinear vibrations in 
a resonant regime and is observed further at the formation of properties of films and other 
compositions based on the dispersions, undergone by the vibrowave treatment, it is possible 
to explain by the occurance of the factor of "memory" as an element of hereditary mechanics. 
The carrier of such a "memory" is the structural-morphological organization of the examined 
multiphase systems, and the influence of wave action in a sound range of frequencies is 
observed at different levels of the structural organization. 
 
Conclusions 

 
As a result of this research, a technology for creation of new filtered nonwoven 

materials with high sorption ability for cleaning of liquids from ions of heavy metals, 
surfactants, oil products, microorganisms has been developed. It is important to note that a 
range of practical valuable results, for example, development of medical bandages based 
on nonwoven materials and intensification of technology of paint materials is based on 
investigation of structure and dynamic behaviour of polymer compositions and their model 
systems and also on nanostructure aspects of interaction of macromolecules with interphase 
surface. 
 
 

                                                
17 Yu. P. Aleksandrova; N. S. Budanova; A. A. Farmakovskaya; N. S. Okorokova; G. N. 
Ustyuzhaninova; N. P. Zharova y V. Kohlert, “Ultrasonic treatment impact on the stability of aqueous 
dispersions of inorganic and organic pigments in the presence of surfactants”, Revista Inclusiones, 
Vol: 7, num Especial (2020): 387-397. 
18 N. Bulychev; W. Van Camp; B. Dervaux; Y. Kirilina; K. Dirnberger; T. Schauer; V. Zubov; F. E. Du 
Prez y C. D. Eisenbach, “Comparative Study of the Solid-Liquid Interface Behaviour of Amphiphilic 
Block and Block-like Copolymers”, Macromolecular Chemistry and Physics, Vol: 210 (2009): 287-
298. 
19 V. N. Nikiforov; N. A. Bulychev y V. V. Rzhevskii, “Elastic properties of HTSC ceramics”, Bulletin of 
the Lebedev Physical Institute, Vol: 43 num 2 (2016): 74-79. 
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