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Abstract―The influence of ultradispersed ceramics particles on formation and wear of polytetrafluoro-
ethylene-based polymer composites was elucidated. Factors improving the performance characteristics of the 
composites were identified. 

INTRODUCTION 

Antifriction self-lubricating plastics, when applied 
in friction units of machines (sliding bearings, 
separators of rolling contact bearings, tape-transport 
mechanisms,  gear systems, etc.) not only replace 
metals and alloys but also increase the robustness  and 
durability of technical systems, along with reducing 
the energy consumed for their manufacture and 
operation and making their use more environmentally 
friendly [1]. 

From the triboengineering viewpoint, the greatest 
promise is shown by modified polymers containing 
various fillers. Relevant benefits stem from weakening 
of intermolecular bonds in the polymer, as well as 
from formation of an optimal structure of the material, 
participation of fillers in friction as wear inhibitors, 
and  enhancement of the serviceability of the friction-
transfer film [2, 3].  

Here, we overview the developments dedicated to 
new polymer materials intended for triboengineering 
applications, specifically for manufacturing friction 
units of technical systems exploited under cold climate 
conditions. This is topical because of an urgent need in 
increasing the reliability, safety, and efficiency of 
exploitation of technical systems, pipelines, and 
housing and municipal facilities in the Russian North. 
Sealing materials currently used in Russia’s me-
chanical engineering sector have inadequate frost and 
wear resistances. From 30 to 50% of failures of 
technical systems is associated with low efficiency of 

seals under cold climate conditions [4, 5]; their 
efficiency in winter periods decreases 1.5 times on the 
average, the full operating time, 2–3 times, and the 
actual service life, 2–3.5 times [6]. 

Among the polymers used for manufacture of 
friction units, the best physicomechanical and 
triboengineering characteristics are exhibited by 
polytetrafluoroethylene, which is applied in the most 
critical technical systems. A valuable property of 
polytetrafluoroethylene-based composite materials is 
serviceability over a wide temperature range, at which 
low and stable values of the friction coefficient (0.1–
0.2) are preserved and smooth sliding is provided [4, 
7, 8]. This is of much significance for technical 
systems exploited under extreme conditions. 

The tribological properties of polymers can be 
controlled by modification of their supramolecular 
structure [1, 9, 10]. Okhlopkova et al. [11, 12] modi-
fied the supramolecular structure of polytetrafluoro-
ethylene with various classes of ultradispersed ceramics: 
transition metals nitrides, simple, double, and triple 
oxides, as well as oxynitrides with the average particle 
size of 4–100 nm. Introduction of ultradispersed 
ceramics able of forming cluster-like ensembles within 
the material initiates structure formation and modifies 
the crystallization mechanism for polytetrafluoro-
ethylene [13, 14]. This yields a reinforced polymeric 
system characterized by enhan-ced strength and 
triboengineering characteristics. 

DOI: 10.1134/S1070363209030505 



Fig. 1. Electron-microscopic images of brittle splits of samples of polytetrafluoroethylene (PTFE) and composites thereof:                
(a) PTFE, (b) PTFE+SiO2, (c) PTFE+Al2O3; and (d) PTFE+TiO2.  Ceramics content 2 wt %. 

Structure and Thermodynamic Properties  
of Polytetrafluoroethylene Modified  

with Ultradispersed  Ceramics 
The transformation of the supramolecular structure 

of polytetrafluoroethylene upon introduction of 
ultradispersed ceramics is underlain by factors 
associated with the influence of the solid surface of the 
filler particles on the mobility of macromolecules and 
formation in the boundary area of adsorbed polymer 
layers [15–17]. This is responsible for the difference in 
the structure formation of the polymer in the polymer 
filler bulk and near the interface, depending on the 
filler concentration.  

An electron-microscopic examination of the struc-
ture of polytetrafluoroethylene modified with ultra-
dispersed ceramics (Fig. 1) showed that ceramics par-
ticles with a large specific surface area (50–200 m2 g–1) 
significantly affect crystallization and cause formation 
of supramolecular structural elements that are not 
typical for the initial polymer. As subjects of structure 
examinations we chose low-temperature brittle splits 
of the polymeric composites prepared at liquid 
nitrogen temperature. The ultradispersed ceramics 
particles act as crystallization sites yielding structural 
formations shaped as symmetric polyhedrons. By 
contrast to known composites containing traditional 
fillers like coke and molybdenum disulfide, composite 

materials filled with ultradispersed ceramics have a 
more perfect structure characterized by small 
spherulites and a high packing density of structural 
elements [13, 17]. For example, the composite 
containing aluminum oxide with a large specific 
surface area (200 m2 g–1) and, consequently, with a 
high surface activity, it comprised of perfect supra-
molecular elements of identical size with a small 
diameter (17–20 µm). Formation of spherulites in 
polytetrafluoroethylene is validated by polarized 
optical-microscopic data [13]. 

A differential calorimetric examination of samples 
of Al2O3-modified polytetrafluoroethylene allowed 
estimating the heat effects of the phase transitions 
occurring upon introduction of the filler, as well as the 
polymer–Al2O3 interaction energy (Fig. 2).  

The occurrence of a ΔHm maximum for the com-
posite containing 2 wt% ultradispersed Al2O3 (curve 1 
in Fig. 2) suggests the existence of a critical 
concentration of highly dispersed fillers, at which the 
polymer chain and adsorption-active segments on the 
filler particle surface form the largest number of 
intermolecular bonds [19]. 

An increase in the enthalpy of crystallization (curve 
2) suggests acceleration of crystallization of the 
polymer upon introduction of ultradispersed ceramics. 
The influence exerted by the filler on the polymers 
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Fig. 2. (1, 2) Enthalpy of (1) melting ΔHm and (2) crys-
tallization ΔHcr of the aluminum oxide-filled poly-
tetrafluoroethylene samples and (3) macromolecules–filler 
interaction energy ΔHi vs. the filler content. 

crystallization is characterized by two major factors: 
formation on the polymer-filler interface of adsorbed 
segments initiating crystallization and growth in 
viscosity of the composite system with increasing filler 
content, precluding crystallization. At a low filler 
content, crystallization is accelerated, since the filler 
particles act as nucleation sites, and with increasing  
filler concentration, decelerated because the viscosity 
growth dominates in the system [15], as confirmed by 
trends in variation of the enthalpy of crystallization.  

As known [20], intensification of crystallization of 
polymers by highly dispersed filler particles is indi-
cated by enhancement of the exothermic crystallization 
peaks under cooling of samples. The exothermic 
crystallization curves of polytetrafluoroethylene at dif-
ferent amounts of the filler suggest that, upon introduce-
tion of up to 2 wt % active particles of ultradispersed 
ceramics, crystallization of the polymer is accelerated, 
and uniform spherulites with clearly cut boundaries are 
formed.  

The adhesion to polymeric binder in relation to the 
energy condition of the filler particle surface was 
estimated via measuring the enthalpy of Al2O3-
polytetrafluoroethylene interaction. An absolute 
maximum of ΔHi was achieved for 2 wt % filler (curve 
3). A decrease in ΔHi with increasing filler content is 
apparently associated with aggregation of the 
nanopartciles at the filler concentration above 2 wt %, 
which decreases the activity of the surface layers of the 
filler, as confirmed by X-ray spectral data for samples 

of the polymeric composite material [13]. 

Thus, considering a correlation between the 
enthalpies of melting, crystallization, and intramo-
lecular interaction, on the one hand, and the structure 
of a polymeric composite material, on the other, the 
physicomechanical and triboengineering properties of 
polytetrafluoroethylene-based composites filled with 
ultradispersed ceramics can be controlled by varying 
the filler content during their formation.  

Polarization Effects in Modified 
Polytetrafluoroethylene 

The utilized ultradispersed ceramics was syn-
thesized by plasmo- and mechanochemical techniques   
under highly nonequilibrium conditions responsible for 
the appearance on the particle surface of uncom-
pensated bonds, reaction centers, defects, etc. [21]. The 
developed surface of the ceramic substance affects its 
lattice and electronic subsystem, and the ensuing 
anomalies in the behavior of electrons, photons, and 
other elementary excitations cause changes in the 
physical properties of ultradispersed ceramics relative 
to those of the corresponding bulky crystals [22]. 

To elucidate the relationships in polytetrafluoro-
ethylene-ultradispersed ceramics interaction, the surface 
charge of the ceramic particles and its polarization 
effect on the polymer were determined. A thermo-
stimulated depolarization examination showed that the 
ultradispersed ceramics particles bear an intrinsic 
polarization charge [23]. It was also found that the 
highly dispersed aluminum oxide particles with large 
specific surface area bear an increased, relative to 
aluminum-silicon oxynitride particles, polarization 
charge [12, 24]. Filling polytetrafluoroethylene with 
ultradispersed ceramics results in polarization of the 
polymer and formation of a boundary layer whose 
thickness depends on the crystallization mechanism of 
the binder. 

Figure 3 shows the spectra of thermostimulated 
depolarization currents for polytetrafluoroethylene and 
its composite with ultradispersed ceramics. It is seen 
that the initial polymer is electrically neutral. 
Introduction into the polymer of ultradispersed 
ceramics particles bearing an intrinsic electric charge 
induces polarization effects in the composite material. 
The filled polytetrafluoroethylene exhibits stable 
thermostimulated depolarization current corresponding 
to relaxation of the charge induced in the filler particle 
field. The spectrum shows that the polymer composite 
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Fig. 3. Spectra of simulated depolarization currents for PTFE and composites thereof: (a) initial PTFE and (b): (1, 2) PTFE filled 
with (1) Al-Si oxynitride and (2) aluminum oxide and (3) PTFE filled with activated Al2O3. 
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containing activated filler exhibits increased current 
strength, which suggests induction of a fairly high 
polarization charge by activated filler introduced into 
the polymer. This is associated with a large specific 
surface area of particles, as well as with the fact that 
the crystal lattice of activated filler contains active 
reaction centers and defects acting as traps with respect 
to charge carriers. 

Based on experimental specific heat values of the 
polymeric composite material at various degrees of 
filling and polarization charges of ultradispersed 
ceramics particles, the boundary layer thickness and 
proportion of interphase layers in the composite were 
estimated (Table 1). It is seen that an increase in the 

ultradispersed ceramics concentration causes the 
specific heat of the polymer to decrease. The reason is 
that some macromolecules pass from the bulk to the 
boundary layers near the solid surface. The proportion 
of the polymer in the boundary layer tends to increase 
with increasing content of ceramics in the system, but 
not in parallel: With increasing content of the ceramics 
the proportion of the interphase layers tends to a 
certain limiting value. The maximal thickness of the 
boundary layer is achieved with 2 wt % filler [24]. 

Mechanical activation of ultradispersed ceramics 
causes the boundary layer to substantially (by half) 
grow in thickness, especially in the case of aluminum 
oxide. Clearly, active formation of the boundary layer 

Table 1. Specific heat, proportion of interphase layers, and boundary layer thickness for PTFE filled with ultradispersed 
ceramics in relation to the degree of fillinga 

Material сf, wt % τ, s Ср, kJ kg–1 K–1 b δ, Ǻ 

PTFE (initial sample)   – – 0.934 – – 

PTFE + Al–Si oxynitride 1 0 0.894 0.043 200 

  2 0 0.842 0.098 234 

  2 120 0.805 0.138 323 

  5 0 0.785 0.159 140 

PTFE + Al2O3 1 0 0.845 0.079 266 

  2 0 0.804 0.124 309 

  2 120 0.779 0.158 434 

  5 0 0.768 0.163 215 
a Designations: (cf) filler content; (τ) activation time; (Cp) specific heat; (b) fraction of interphase layers; and (δ) boundary layer thickness 
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in the case of this filler is associated with a high 
polarization charge on its particles.   

The above-described results underlay a concept of 
the physicochemical processes involved in formation 
of polymeric composite materials filled with ultra-
dispersed ceramics. The structure and performance 
characteristics of the composites were correlated with 
the polarization charge borne by the filler particles [24, 
25]. 

It was shown that the modification effect of 
ultradispersed ceramics on the polymer crystallization 
mechanism is associated with the polarization charge 
borne by the particles, in whose field the binder 
undergoes polarization and structure formation. The 
polarization mechanism concept supplements the 
traditional views on the physicochemical nature of 
polymer filling and provides explanation to high 
performance characteristics of ultradispersed ceramic 
fillers [12, 25]. 

Tribochemical and Triboengineering Examinations 
of Polymeric Composite Materials 

As known [26], of much importance for the wear 
behavior of polymeric materials are tribochemical 
processes. The tribochemical reactions involved in 
friction of polytetrafluoroethylene–ultradispersed filler 
composites were examined by mass spectrometry in 
relation to the concentration and chemical nature of the 
filler. 

The nature of tribochemical reactions can be judged 
from the temperature dependence of the total ionic 
current associated with wear products [13] (Fig. 4). 
The first broad maximum is due to low-molecular-
weight (m/z to 431) fragments of the polymer chain. 

Active evolution of these products in the low-
temperature region (to 670 K) suggests intensive tribo-
destruction of the filled polytetrafluoroethylene. The 
most vigorous gas evolution was observed in reactions 
of the composites containing 10 wt % ceramics. This 
formulation of the polymeric composite material was 
characterized by a multiplet peak in the temperature 
dependence of the total ionic current, which suggests 
tribodestruction of cross-linked fragments of the 
macromolecule [27]. 

The results of the above-described studies suggest 
the following relationships in wear behavior of 
polymeric composite materials [27, 28]. 

(1) Tribochemical transformations in the initial 
polytetrafluoroethylene involve the С–С bonds, and 
this is accompanied by elimination of large fragments 
of the macromolecules.  

 (2)  The tribochemical reactions are intensified by 
introduction of up to 2 wt % ultradispersed ceramics 
into polytetrafluoroethylene. The destruction is 
paralleled by structure formation, whose rate depends 
on the chemical nature of the filler catalyzing the 
macromolecular cross linking. With increasing filler 
content to 10 wt % the tribochemical processes are 
intensified and involve C–F bonds, as suggested by 
mass-spectrometric data for the tribodestruction 
products of polymeric composites [13, 28]. An 
increase in the concentration of the reactive radical and 
ionic species resulted from tribochemical destruction 
of the polymer binder is accompanied by 
intensification of the structure formation involving 
ultradispersed ceramics and by formation near the 
friction surface of polymeric composite material layers 
distinguished by high structural organization. 

The chemical nature of the ceramics determines not 
only the intensity of tribochemical reactions but also 
the morphology of the surface layers of the 
composites. It was shown that friction involves 
localization of the reactive ceramics particles on the 
friction surfaces in amount increasing with  the filler 
concentration, as suggested by examinations of the 
chemical composition and topography of frictional 
surfaces. 

Introduction of mechanically activated ultradis-
persed ceramics particles results in formation on the 
friction surface of polytetrafluoroethylene with a 
network structure. This layer acts as protective shield 
confining the contact strain and performing the 
antiwear functions in the material. 

Fig. 4. Temperature dependence of the total ionic current 
associated with wear products of PTFE and composites 
thereof: (1) PTFE, (2) PTFE + Si3N4–Al2O3–AlN (2 wt %); 
and (3)  PTFE + Si3N4–Al2O3–AlN (10 wt %). 
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Table 2. Strain, strength and tribiengineering characteristics of modified PTFEa 
Composition σ, MPa ε, % I×10-6 kg h–1 f 

PTFE 20–22 300–320 70–75 0.04 

PTFE+СоАl2О4 (2–5 wt %) 19–25 330–400 0.2–2.6 0.15–0.18 

PTFE + Si3N4-Al2O3-AlN (2–5 wt %) 18–25 275–330 0.8–8.0 0.17–0.19 

PTFE + Si3N4-Y2O3-YN (2–5 wt %) 19–24 260–310 0.4–3.6 0.16–0.18 

PTFE + Si3N4-B2O3-BN (2–5 wt %) 16–18 200–250 0.4–2.6 0.16–0.18 

PTFE + 2МgО-2Аl2О3-5SiО2 (1–2 wt %). 22–23 310–320 6.0–6.4 0.18–0.19 

PTFE + Сr2О3 (2 wt %) 22–24 320–330 1.8–2.8 0.22 

PTFE + ZrО2 (2 wt %) 22–24 300–320 2.8–3.2 0.20 

PTFE + Al2O3 (0.5–2 wt %) 24–26 350–450 0.2–0.4 0.10 

PTFE + MgАl2О4 (2–5 wt %) 21–22 330–340 0.2–0.4 0.15 
a Designations:  (σ) tensile strength; (ε) breaking elongation; (I) wear rate; and (f) friction coefficient. 

The developed antifriction materials based on 
polytetrafluoroethylene and activated synthetic ultra-
dispersed ceramics and natural fillers (zeolites, dia-
mond waste) [13] surpass the initial polymer in wear 
resistance (100–370 times) and strength charac-
teristics (by 20–30%) (Table 2). 

CONCLUSIONS 

A comprehensive study of the formation mecha-
nism for filled systems based on polytetra-
fluoroethylene and ultradispersed ceramics identified 
the following physicochemical principles of deve-
lopment of triboengineering materials: 

– the occurrence of an intrinsic polarization charge 
on ultradispersed ceramics particles, in whose field 
crystallization of a polymer proceeds; 

– control of the structure of the materials via 
modification of the supramolecular structure of the 
binder and formation of three-dimensional cluster 
structures from nanometer-sized filler particles;  

– special surface properties and high surface 
energy, responsible for adsorption activity of the 
ultradispersed ceramics particles with respect to the 
polymer and, thereby, for intensive structure formation 
in the binder, yielding structural elements charac-
terized by high adhesion at the polymer-filler interface; 

– control of the tribochemical reactions on the 
frictional contact and formation of the cluster structure 
from coordinated filler particles on the friction surface.  

The developed materials are successfully applied in 
friction units of various systems exploited by  “Zoloto 
Yakutii” Open Joint-Stock Company, Almazy Rossii – 
Sakha,  Joint-Stock Company, and Yakutugol’ Open 
Joint-Stock Company, as well as by oil and gas 
extraction enterprises of Sakhaneftegaz Open Joint-
Stock Company,  etc. In particular, this concerns 
technical systems available from foreign firms, like M-
200 and ND-1200 career autodumpers, Marion 
elevator dredges, and Komatsu bulldozers.  

ACKNOWLEDGMENTS 

This study was financially supported by the Russian 
Foundation for Basic Research (project no. 06-08-
00931a).  

The authors are grateful to L.S. Pinchuk, Dr. Sci. 
(Tech.), and V.A. Gol’dade, Dr. Sci. (Tech.), from the 
Belyi Institute of Mechanics of Metal-Polymer 
Systems, National Academy of Sciences of Belarus, 
for measuring the charge borne by the particles of 
ultradispersed ceramics and composites, as well as to 
A.P. Krasnov, Dr. Sci. (Chem.) from the Nesmeyanov 
Institute of Organoelemental Compounds, Russian 
Academy of Sciences, for carrying out tribochemical 
examinations. 

REFERENCES 

  1. Belyi, V.A., Sviridenok, A.I., Petrokovets, M.I., and 
 Savkin, V.G., Trenie i iznos materialov na osnove 

POLYTETRAFLUOROETHYLENE-BASED POLYMERIC COMPOSITE MATERIALS  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  79   No.  3   2009 

691 



 polimerov (Friction and Wear of Polymer-Based 
 Materials), Minsk: Nauka i Tekhnika, 1976.  
  2. Briscoe, B.J., Fundamentals of Friction: Macroscopic 
 and Microscopic Processes, London: NATO ASI 
 Series, 1990, р. 167. 
  3. Tribologiya. Issledovaniya i prilozheniya: opyt SShA i 
 stran SNG (Tribology. Examinations and Applications: 
 Experience in the US and CIS Member-States), Be-   
 lyi, V.A., Ludema, K., and Myshkin, N.K., Eds., 
 Moscow: Mashinostroenie, 1993. 
  4. Cherskii, I.N., Povedenie polimerov pri nizkikh 
 temperaturakh (Behavior of Polymers at Low 
 Temperatures), Yakutsk: Yakutsk. Nauchn. Tsentr Sib. 
 Otd. Akad. Nauk SSSR, 1974, p. 3. 
  5. Shokin, Yu.I., Makhutov, N.A., Moskvichev, V.V., and 
 Shabanov, V.F., Probl. Bezop. Chrezv. Situats., 2000, 
 no. 5, p. 100. 
  6. Popov, S.N., Doctorate (Tech.) Dissertation, Novo-
 sibirsk, 1996. 
  7. Perepechko, I.I., Svoistva polimerov pri nizkikh 
 temperaturakh (Properties of Polymers at Low 
 Temperatures), Moscow: Khimiya, 1977. 
  8. Wigley, D.A., Mechanical Properties of Materials at 
 Low Temperatures, New York: Plenum, 1971. 
  9. Mashkov, Yu.K., Ovchar, Z.N., Baibaratskaya, M.Yu., 
 and Mamaev, O.A, Polimernye kompozitsionnye 
 materialy v  tribologii (Polymeric Composite Materials 
 in Tribology), Moscow: Nedra–Biznestsentr, 2004. 
10. Mashkov, Yu.K., Ovchar, Z.N., Surikov, V.I., and 
 Kalistratova, L.F., Kompozitsionnye materialy na 
 osnove politetraftoretilena (Polytetrafluoroethylene-
 Based Composite Materials), Moscow: Mashino-
 stroenie, 2005. 
11. Okhlopkova, A.A., Adrianova, O.A., and Popov, S.N., 
 Modifikatsiya polimerov ul’tradispersnymi napolni-
 telyami (Polymer Modification with Ultradispesed 
 Fillers), Yakutsk: Yakutsk. Fil. Izd. Sib. Otd. Ross. 
 Akad. Nauk, 2003. 
12.  Okhlopkova, A.A., Vinogradov, A.V., and Pinchuk, L.S., 
 Plastiki, napolnennye ul’tradispersnymi neorganiches-
 kimi soedineniyami (Plastics Filled with Ultradispersed 
 Inorganic Compounds), Gomel: Inst. Mekh. Met.-Polim. 
 Sist., Nats. Akad. Nauk Belarusi, 1999. 

13.  Okhlopkova, A.A., Doctorate (Tech.) Dissertation, 
 Gomel, 2000. 
14.  Okhlopkova, A.A. and Sleptsova, S.A., Mechanics of 
 Composite Materials, 2003, vol. 39, no. 2, p. 123. 
15.  Lipatov, Yu.S., Mezhfaznye yavleniya v polimerakh 
 (Interphase Phenomena in Polymers), Kiev: Naukova 
 Dumka, 1980. 
16.  Solomko, V.P., Khim. Technol. Vysokomol. Soed., 1975, 
 vol. 7, p. 115. 
17. Adrianova, O.A., Doctorate (Tech.) Dissertation, 
 Moscow, 2000. 
18. Privalko, V.P., Novikov, V.V., and Yanovskii, Yu.G., 
 Osnovy teplofiziki i  reofiziki polimernykh materialov 
 (Fundamentals of Thermophysics and Rheophysics of 
 Polymer Materials), Kiev: Naukova Dumka, 1991. 
19.  Tolstaya, S.N., Usp. Koll. Khim., 1973, p. 348. 
20. Solomko, V.P., Napolnennye kristallizuyushchiesya 
 polimery (Filled Crystallized Polymers), Kiev: Naukova 
 Dumka, 1980. 
21.  Avvakumov, E.G., Mekhanicheskie metody aktivatsii 
 khimicheskikh protsessov (Mechanical Methods of 
 Activation of Chemical Processes), Novosibirsk: Nauka, 
 1986. 
22.  Morokhov, I.D., Trusov, L.I., and Lapovok, V.N., 
 Fizicheskie yavleniya v ul’tradispersnykh metalliches-
 kikh sredakh (Physical Phenomena in Ultradispersed 
 Metal Media). Moscow: Energoatomizdat, 1984. 
23.  Pinchuk, L.S., Goldade, V.A., Zotov, S.V., Okhlopko-
 va, A.A., and Vinogradov, A.V., Int. J. Polym. Mater., 
 2000, vol. 46, р. 11. 
24.  Okhlopkova, A.A., Pinchuk, L.S., Zotov, S.V., et al., 
 Zh. Eksp. Teor. Fiz., 2000, vol. 70, no. 2, p. 38. 
25. Petrova, P.N., Sleptsova, S.A., Popov, S.N., and 
 Avvakumov, E.G., Zh. Struk. Khim., 2004, vol. 45, p. 172. 
26.  Krasnov, A.P., Doctorate (Chem.) Dissertation, 
 Moscow, 1988. 
27.  Okhlopkova, A.A., Vinogradov, A.V., Ustych, Yu.N., 
 and Krasnov, A.P., Trenie Iznos, 1997, vol. 17, no. 1,   
 p. 114. 
28. Okhlopkova, A.A., Petrova, P.N., Popov, S.N., and 
 Avvakumov, E.G., Khim. Inter. Ustoich. Razv., 2004, 
 no. 12, p. 627. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  79   No.  3   2009 

OKHLOPKOVA et al. 692 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


