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 TECHNOLOGY ORGANIC AND INORGANIC SUBSTANCES

AN ALTERNATIVE TECHNOLOGY FOR 
CATALYTICAL PROCESSES. THE AEROSOL 
NANOCATALYSIS (р. 4-11)

Marat Glikin

The reasons of searching for alternative chemical catalytic 
technologies were analyzed in the paper. Oxidation of organic 
components with a complex molecule at high temperature leads to 
precipitation of carbon and some reaction products on the catalyst 
supports and in their pores, which reduces the efficiency of catalysis 
and requires its replacement. In aerosol nanocatalysis technol-
ogy, reactants and continuously comminuted catalyst particles 
are involved in chemical interaction. It was experimentally shown 
that catalyst aerosol, even low-activity Fe2O3, only 0.3 g/m3 of 
the reactor is enough in the oxidation process. This is two orders 
of magnitude less than during the catalysis on the support. More-
over, there is no need for expensive support. This technology will 
lead to increased reaction rate by 104–106 times, reduced catalyst 
consumption by the same value, decreased reaction temperature 
by 100–200 oC; increased selectivity, reduced reactor volume by 
10–100 times. Currently, about 40 reactions of the environmental 
focus were carried out in a laboratory using spray nanocatalysis. 
Target syntheses, which are of interest to the industry: natural 
gas conversion, catalytic cracking of vacuum gas oil on different 
catalysts, oxydechlorination, oxydehydrochlorination, vinylation, 
ammonia oxidation for nitric acid production, disposal of acid tars 
and coke production waste, etc. were also investigated. Each process 
showed high economic effect.

Keywords: catalyst, nanoparticle, chemical technology, effi-
ciency, heterogeneous catalysis, aerosol nanocatalysis.
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REGULARITIES OF OBTAINING AND 
PROPERTІЕS OF THE HYDROXYAPATITE 
FILLED POROUS COMPOSITES BASED ON 
POLYVINYLPYRROLIDONE (р. 12-17)

Natalia Semenyuk, Galina Dudok,  
Taras Skorokhoda, Oleg Suberlyak

New hydroxyapatite-filled porous composites based on meth-
acrylic esters and polyvinylpyrrolidone, which can be used in 
bone regeneration processes were synthesized. The influence of the 
polymer-monomer composition structure, nature and amount of 
filler, silver nitrate on the polymerization rate was studied. It was 
found that with the increase in the amount of polyvinylpyrrolidone 
in composition, the polymerization rate rises, and the induction 
period is practically absent. The polymerization rate of compositions 
of hydrophobic glycidyl methacrylate is significantly higher than in 
the case of 2-hydroxyethyl methacrylate. Compositions that contain 
hydroxyapatite in an amount of more than 70 wt. % have lower re-
activity compared to the compositions without filler. Adding silver 
nitrate to the composition reduces the polymerization rate. 

The influence of the foam stabilizer nature, hydroxyapatite 
amount on properties of composites was examined. The porous struc-
ture of the material is formed with the content of hydroxyapatite in 
the original composition of at least 25 wt. %. The highest porosity is 
observed when using glycerol in an amount of 50 wt. %.

Silver nanoparticles in the form of polyhedra with different sizes 
in the composite structure were obtained by restoring silver nitrate 
by tertiary nitrogen of polyvinylpyrrolidone. Formation of silver in 
this reaction is confirmed by UV spectroscopy and chemical analysis 
of the products of interaction between AgNO3 and polyvinylpyr-
rolidone. Synthesized silver-containing composites are characterized 
by bactericidal and fungicidal properties, in particular regarding the 
bacteria Escherichia coli, Staphylococcus aureus and Aspergillus 
niger.

Keywords: porous hydrogels, polyvinylpyrrolidone, silver 
nanoparticles, hydroxyapatite, bactericidal and fungicidal properties.
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OBTANING OF NANODISPERSED FERRIFEROUS 
PIGMENTS USING CONTACT NONEQUILIBRIUM 
PLASMA (р. 17-21)

Alexander Pivovarov, Liliya Frolova,  
Olena Gepich, Margarita Vorobyova

The paper shows the efficiency of using a contact nonequilibrium 
low-temperature plasma for producing nanodispersed pigments of 
different colours. The influence of the initial pH, treatment time and 
electrical parameters of the plasma-chemical synthesis on the main 
technological properties of the pigments was determined. Colour 
characteristics of the obtained products were studied. Their phase 
composition was analyzed. According to the data on the dependence 
of the phase composition of the products formed by the oxidation of 
iron hydroxide (II) on the synthesis parameters, the system diagram 
was created to display predominant areas of each phase formation in 
the pH plasma treatment time coordinates.

The main trends in changing the phase composition of the solid 
phase from the synthesis conditions were determined during the studies.

It was found that the final product of iron hydroxide (II) oxidiz-
ing depending on the synthesis parameters can be oxyhydroxide of 
iron (III -a) − modification, magnetite or iron hydroxide (II).

A phase composition of the obtained product depends largely 
on the solution’s pH. With increasing the pH from 6 to 10 under 
the same synthesis parameters, such sequence of phase formation is 
indicated: Fe(OH)2 − a − FeOOH − Fe3O4. With the further increase of the 
solution’s pH, Fe3O4 is formed.

Keywords: pigments, magnetite, goethite, obtaining, contact 
nonequilibrium low-temperature plasma.
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DENSITY FUNCTIONAL THEORY IN 
INVESTIGATION OF PSEUDO-IMMUNOLOGICAL 
SPECIFICITY OF THE “ARTIFICIAL RECEPTOR” 
AGAINST MELAMINE (р. 22-26)

Kateryna Muzyka

In this paper, computational approach for pseudo-immunolog-
ical specificity investigation of acrylamido-2-methyl-1-propanesul-
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fonic acid (AMPSA), acrylic acid and itaconic acid to a molecule of 
melamine was developed based on DFT-calculations at the level of 
theory Rw97XD / 6-31G (d). It should be noted that improving of 
the ligand-selectivity of “artificial receptor” is an important step in 
order to achieve sensors with high selectivity. The results of com-
putational experiments show that among the considered monomers 
AMPSA is most suitable for further synthesis of “artificial receptor” 
for melamine, as formed the strongest complex with melamine. Con-
ducted theoretical research can be the basis for developing a sensor 
for melamine, which due to the presence of “artificial receptor” of 
AMPSA will provide a high selectivity of detection.

Keywords: artificial receptor, molecular imprinting, melamine, 
density functional theory, pseudo-immunological specificity.
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EXPERIMENTAL DETERMINATION OF POSSIBLE 
DIFFUSION MODELS DURING PERVAPORATION 
PROCESS IN POLYMER MEMBRANES (р. 26-31)

Inessa Burtna, Otar Gachechiladze

Some parameters that are influenced by the solvent molecule 
diffusion in the polymer membrane body were experimentally stud-
ied using a pervaporation process. The time dependencies of these 
parameters during the pervaparation were obtained. It was shown 
that the mechanism of the solvent molecule diffusion in the poly-
mer membrane consists of two components: a diffusion through the 
thermal activation of the system and a diffusion occuring through 
the free volume. Moreover, the rate of thermally activated diffusion 
is much larger and is observed in the beginning of the pervaparation 
process. Whereas, a diffusion using the free-volume model begins to 
manifest itself in the middle of the process and passes more slowly, 
but it is the source of transferring the majority of solvent molecules. 
These results make it possible to interpret diffusion models in poly-
mer membranes.

Keywords: polymer, membrane, pervaparation, thermal activa-
tion, free volume, diffusion, voids, jump, technology.

References 

1. Burtna, I. A., Ruzhinskaya, L. I., Gachechiladze, O. O., Shafaren- 
ko, N. V. (2013). Transfer processes in polymer membranes. Part 1. 
Eastern-European Journal of Enterprise Technologies, 1/6(61), 4–6. 
Available at: http://journals.uran.ua/eejet/article/view/9181/7972

2. Burtna, I. (2013). Transfer processes in polymer membranes. Part 
2. Eastern-European Journal of Enterprise Technologies, 2/11(61), 
41–44. Available at: http://journals.uran.ua/eejet/article/
view/11731/9873.

3. Burtna, I., Hachechiladze, O. (2013). Transfer processes in polymer 
membranes. Part 3. Eastern-European Journal of Enterprise Tech-
nologies, 6/6(66), 4–7. Available at: http://journals.uran.ua/eejet/
article/view/18713/17124

4. Burtna, I. А., Hachechiladze, O. О. (2014). Transfer processes in 
polymer membranes. Part 4. Eastern-European Journal of Enterprise 
Technologies, 2/6(68), 4–11. Available at: http://journals.uran.ua/
eejet/article/view/23383/20988

5. Marion, K. Buckley-Smith (2006).The Use of Solubility Parameters 
to select membrane materials for Pervaporation of organic mixtures.
The University of WAIKATO, Hamilton, NewZealand,18–56.

6. Hansen, C. M., Smith, A. L. (2004).Using Hansen solubility pa-
rameters to correlate solubility of c 60 fullerene in organic solvents 
and in polymers. Carbon, 42 (8-9), 1591–1597. doi: 10.1016/j.car-
bon.2004.02.011 

7. Koros, W. J. (1990). Barrier Polymers and Structures. ACS Publica-
tions, Washington, D. C., 1, 1–21. doi: 10.1021/bk-1990-0423.ch001

8. Meares, P. (1965). Polymers: Structure and Bulk Properties. D.Van 
Nostrand Co. LTD, 12, 381.

9. Brandt, W. W. (1959). Self – Diffusion and Inter diffusion in Poly-
mers. Journal of Physical Chemistry, 63, 1080–1088.

10. DiBenedetto, A. T., Paul, D. R. (1964). Diffusion in amorphous poly-
mers. Journal of Polymer Science, A(2),1001–1015.

11. Turnbull, D., Cohen, M. H. (1961). Free-volume model of the 
amorphous phase.  Journal of Chemical Physics, 34, 120–131. doi: 
10.1063/1.1731549 

12. Cohen, M. H., Turnbull, D. (1959). Molecular transport in liquids 
and glasses.  Journal of Chemical Physics, 31 (5), 1164–1169. doi: 
10.1063/1.1730566 

13. Duda, J. L., Vrentas, J. S., Ju, S. T., Liu, H. T.(1982). Prediction of 
diffusion Coefficients for polymers solvent systems. AIChE Journal, 
28 (2), 279–285. doi: 10.1002/aic.690280217 

14. Reis, R. A., Oliveira, J. (2001). Diffusion Coefficients in Poly-
mer – Solvent Systems for Highly Concentrated Polymer Solu-
tions. Braz. J.Chem. Eng., 18 (3), 221–232. doi: 10.1590/s0104-
66322001000400003 

QUANTUM-CHEMICAL RESEARCH 
OF THE REACTION MECHANISM OF 
[4+2]-CYCLOADDITION OF 2,3-DIMETHYLBUTA-
1,3-DIEN AND ALLYLMETHACRYLATE (р. 32-36)

Yaroslav Kovalskyi, Irina Kostiv,  
Olga Marshalok, Galyna Marshalok, Igor Pyrig

The mechanism of the [4+2]-cycloaddition reaction of 2,3di-
methylbuta-1,3-diene and allyl methacrylate was studied by the 
quantum-chemical modelling using a semi-empirical programme of 
MOPAC2009 by the RM1 method. The quantum-chemical calcula-
tions allowed analyzing the qualitative sides of the reaction.

It was found that the interaction of 2,3dimethylbuta-1,3-diene 
and allyl methacrylate has a stepwise mechanism with the formation 
of an intermediate with an open electron shell, not a synchronous 
mechanism with a closed electron shell. The end product molecule − 
allyl-1,3,4-trymethylcyclohex-3-encarboxylate has a semi-armchair 
form in which a carboxylate group is in the endo-position to a 
cyclohexene ring. The molecule structure also indicates that the 
interaction of 2,3dimethylbuta-1,3-diene and allyl methacrylate is 
agreed by the stepwise mechanism with a disrotatory cycle closure 
in the second step. 

The compliance of the experimental data with the activation 
parameters obtained by means of the quantum-chemical calculations 
of this reaction confirms the proposed mechanism.

Keywords: 2,3-Dimethylbuta-1,3-diene, Allyl methacrylate, 
allyl-1,3,4-trymethylcyclohex-3encarboxylate, MOPAC2009, RM1.
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DETERMINATION OF ELASTIC CONSTANTS OF 
ANISOTROPIC HEAVY PETROLEUM PRODUCT 
USING MOLECULAR DYNAMICS SIMULATION  
(р. 37-44)

Maksym Stetsenko

For the purpose of experimental verification of the assumption 
that the elastic properties of heavy petroleum can be character-
ized by a matrix of elasticity for a transversely isotropic medium, 
molecular dynamics simulation studies were performed. It is shown 
that the main structural elements of heavy petroleum are some satu-
rated hydrocarbons, resin-solvated asphaltenes and self-associated 
asphaltenes. The obtained numerical results of the Young’s modulus, 
shear modulus and Poisson’s ratio in a wide temperature range for 
these compounds suggest that their elastic properties are closer in 
nature to the properties of solids, rather than amorphous entities. The 
method presented for determining the elasticity of a complex mate-
rial in this paper can be found convenient and sufficiently accurate. 
This is so, since by analyzing the molecular composition of a complex 
compound and defining the main structural elements of it, properties 
of each of them can be estimated separately, in a first place, and then 
a general result can be derived for a substance as a whole.

Numerical results obtained in this research may be useful for 
those who are interested in heavy petroleum fractions rheology, and 
those who perform numerical studies in petroleum hydrodynamics 
and acoustics.

Keywords: normal paraffin, resin, asphaltene, molecular dynam-
ics, force field, elastic constants.
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DEVELOPMENT OF AROMATIC COMPOSITIONS 
FROM SALVIA SCLAREA ESSENTIAL OIL FOR 
ENCAPSULATION BY GUM ARABIC (р. 45-51)

Natalia Chepel

This article presents the development of aromatic compositions 
from Salvia sclarea essential oil for their encapsulation depending 
on the adsorption properties of gum arabic with regard to organic 
classes of aromatic compounds. The dynamics of aromatic com-
pounds adsorption in applying the gum arabic has shown the low se-
lectivity for the organic class of terpenes and the high selectivity for 
the organic classеs of oxygen derivatives of terpenes. The separation 
of Salvia sclarea essential oil into its fractions with the low terpenes 
content and the difference of aromatic properties were performed by 
vacuum rectification using the complex approach. The mathematical 
modeling for the development of aromatic compositions from Salvia 
sclarea essential oil was used. The development of aromatic composi-
tions from Salvia sclarea essential oil depending on the adsorption 
properties of gum arabic has allowed to find out the mass ratios of 
its fractions for the aromatic composition “Sweet Sage” – 2fraction: 
3fraction: 4fraction=1.34 – 1.45:2.05-2.15:86.32 – 86.76: 3.78 – 4.98 
and for the aromatic composition “Muscat Harmony” - 2fraction: 
3fraction: 4fraction=0.76 – 0.81:10.78 – 10.85:17.43 – 17.56:43.22 –  
43.67. The first fraction of Salvia sclarea essential oil with high 
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terpenes content has not been used in the development of aromatic 
compositions.

Keywords: aromatic compositions, Salvia sclarea essential oil, 
gum arabic, flavourings.
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ОXIDATION OF ISOMERIC HYDROXYTOLUENES 
WITH OZONE IN ACETIC ANHYDRIDE (р. 52-56)

Andrey Galstyan

The reaction of ozone with isomeric hydroxytoluenes in acetic 
anhydride medium to obtain corresponding aromatic alcohols and 
aldehydes was investigated. It was shown that in the research condi-
tions, acetic anhydride acts as both solvent and acylating agent. The 
main reaction products are aliphatic peroxides (80–90 %), corre-
sponding acetoxybenzylacetates (7–14 %) and acetoxybenzaldiace-
tates (3–6 %) were identified among the oxidation products by the 
methyl group of substrates. A scheme for the liquid-phase oxidation 
of acetoxytoluenes with ozone in acetic anhydride, which explains 
the obtained experimental data was proposed.

During the studies, the concentration of methylbenzenes and 
their conversion products in the solution was determined by gas-
liquid chromatography at chromatograph with a flame ionization 
detector. The content of peroxide compounds was determined by 
iodometric titration. The rate constants of the reaction of ozone 
with methylbenzenes were calculated using the method, described 
in the work [3].

The obtained experimental data are the basis for developing 
environmentally friendly methods of synthesis of hydroxybenzyl 
alcohols and hydroxybenzaldehydes.

Keywords: oxidation, acylation, ozonolysis, selectivity, ozone, 
acetoxytoluene, sulfuric acid, peroxide, acetoxybenzylacetate, 
acetoxybenzaldiacetate.
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INVESTIGATION OF THE SURFACE LAYER OF 
DIMETHYL ETHER/TRIETHYLENE GLYCOL 
SOLUTIONS (р. 56-62)

Vitaly Zhelezny, Tatyana Sevastianova

Method for calculating density and concentrations profiles of 
dimethyl ether (DME) solutions in triethylene glycol (TEG) was 
proposed in the paper. The thickness values of the surface layer of so-
lutions were determined, and its structure was studied. The method 
for determining the effective surface concentration of the solution 
was proposed. The studies were performed in the framework of the 
gradient theory using the Peng-Robinson equation of state in single-
fluid approximation with a modified procedure for determining the 
SE coefficients.

The studies were conducted in order to determine the effective 
composition of the surface layer of the solution. It is this solution 
composition rather than of the bulk liquid phase composition that 
must be taken into account when interpreting the experimental data 
on the saturated vapor pressure and surface tension of solutions.

As a result, it was found that the effective thickness of the surface 
layer of the solution increases with a decrease in the DME amount in 
solution, and as approaching the critical temperature tends to infin-
ity. Herewith, surface layer of the studied solutions is composed of 
two sublayers. DME partial molar density profiles have a maximum. 
This means that the surface layer of the solution is enriched with 
this component. Analysis of the results has shown that the difference 
between the component concentrations in the surface layer and in 
the bulk liquid phase of the solution increases with temperature. The 
results are of fundamental importance in both the experimental in-
vestigation of the solution properties, and thermodynamic modeling 
of phase equilibria of solutions and forecasting their surface tension.

Keywords: gradient theory, single-fluid approximation, density 
profile, effective composition of surface layer.
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