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SEMI-PERMEABLE MEMBRANES
FOR ULTRA-, MICROFILTRATION
AND REVERSE OSMOSIS

Abstract. The results of theoretical and experimental studies in the field of synthesis
and application of semipermeable synthetic membranes as the main component of modern
non-waste environmentally friendly technologies are summarized. The methods for their
preparation for baromembrane processes — reverse osmosis, ultra- and microfiltration, are
considered. The features of the kinetics and formation mechanism of semipermeable
polymer membranes of various types synthesized by polymerization or polycondensation
of various monomers and chemical modification of the finished membranes are discussed.
The results of studies to increase their selective permeability, physico-mechanical and
electrochemical properties are presented.

The promising areas of their practical application for solving urgent problems of
water treatment, industrial effluent treatment with the extraction of valuable components,
separation of gas and liquid mixtures at high pressures and intensive mass transfer modes
are identified.

Keywords: Membrane, filtration, baromembrane process, reverse osmosis, pores.

Currently, there are various methods of water purification using classical
technologies based on the use of pressure, precipitation, sorption, ion exchange,
and other filters. More and more attention is being paid to the search for promi-
sing new methods of water purification, more compact, cheap, easy to use com-
pared to traditional ones. These include water purification methods using ultrafil-
tration and reverse osmosis membrane technologies. The widespread introduction
of such processes into practice was made possible thanks to the development of
polymer science and the use of synthetic high molecular weight film materials
with active groups.

Membranes, like other filtering sorbents, can be considered as semi-per-
meable media: they pass water, but do not pass impurities. However, if conven-
tional filtering is used to remove relatively large formations of dispersed and large
colloidal impurities from water, then membrane technology is used to remove
small colloidal particles, as well as dissolved compounds. To do this, they must
have very small pores.

The driving force causing the liquid to penetrate the obstacle in the form of a
thin partition may be: a) the applied pressure; b) the difference in the concentra-
tion of dissolved substances; c) temperature difference on both sides of the parti-
tion; d) electromotive force.
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The main difference between membranes and conventional filter media is
that they are thin, and the removed impurities are not retained in volume, but only
on their surface. To do this, the so-called "tangential" scheme of water movement
in the apparatus is used, in which water is collected from both sides of the mem-
brane: one part of the flow passes through it and forms a filtrate, that is, purified
water, and the other is directed along the membrane surface to wash off impurities
and remove them from the filter zone. This part of the stream is called a concen-
trate or retentate, and is usually dumped into the drain. Thus, the membrane fil-
tration unit has one inlet and two outlets, and part of the water is constantly spent
on cleaning the film.

From the point of view of technological capabilities, membranes for ultrafil-
tration, nanofiltration and reverse osmosis are distinguished. In this series, the
pore size decreases, and the working pressure increases.

Ultrafiltration membranes have the largest pores with a diameter of 1 to
0.05 microns (1um = 10 m) and usually work at pressures of 2-5 bar. They are
used, for example, for the purification of drinking tap water from colloidal and
high molecular weight contaminants, if the adjustment of its salt composition is
not required.

Nanofiltration elements (pores of 5-50 nm, or 0.05-0.005 pum) are used to
soften water with increased hardness, to remove heavy metal ions and organo-
chlorine. Monovalent ions, such as Na, K, Cl, NO;, are poorly retained — on
average, no more than 10-30%. The nanofiltration working pressure usually does
not exceed 5-7 bar.

Reverse osmosis membranes have pores with a diameter of less than 10 na-
nometers (less than 0.01 pum), operate at pressures up to 100 bar and allow deep
desalination, or demineralization. Reverse osmosis is used to produce ultrapure
water for industrial needs, as well as for desalination of sea and brackish ground-
water, and the degree of desalination (selectivity) is usually not less than 92-97%.

Membranes can have various geometric shapes: tubular, hollow fiber and
flat. Tubular are tubes with a diameter of several millimeters to 1-2 cm, made of a
porous material, such as ceramic. Films in the form of hollow fibers also have a
tubular shape, but their diameter is usually from 0.1 to 0.5 mm. Due to such a
small size, a huge amount of fibers can be placed in a unit volume of the filter
apparatus, and their total working surface will be tens of times higher than that of
large diameter tubular membranes. Flat ones are produced in the form of films, as
a rule, thin-film composite, that is, multilayer, and each layer is made of different
chemical compounds [1].

Baromembrane processes are classified both by the size of the separated
particles (molecules, ions) of the dissolved substance, and by the structure of the
semipermeable membranes used.

These processes include the following membrane technologies: reverse os-
mosis, microfiltration, ultrafiltration and nanofiltration (nanometer — 1” m, or
0.001 microns: 1 nm = 10 angstroms = 0.001 microns).
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Reverse osmosis (hyperfiltration) is the separation of aqueous solutions of
low molecular weight compounds and salts due to the different mobility of the
components in the pores of semipermeable membranes. The essence of reverse
osmosis lies in the fact that when an external pressure is applied to an aqueous
solution that exceeds the osmotic pressure, water molecules are transferred in the
opposite direction — from the region of a weakly concentrated solution to a highly
concentrated one. The mechanism of transfer of water molecules through a semi-
permeable membrane is activated diffusion — a process in which water and the
substances dissolved in it are separated at the molecular level; on one side of the
film, a flow of demineralized water (permeate) emerges, and pollution (concentra-
te) remains on the other side and merges into the drainage.

The driving force of reverse osmosis (as well as ultra-, micro- and nanofil-
tration is the difference between the applied hydrostatic pressure and the osmotic
pressure of the solution:

Ap=p-({@i-p)=p-Ap,

where p is the pressure above the initial solution, Pa; p; and p, are the osmotic
pressures [Pa], respectively, of the initial aqueous solution at the surface of the
membrane and permeate. The difference between reverse osmosis and microfil-
tration and ultrafiltration is determined by the pore size of the films used: reverse
osmosis uses denser membranes with a minimum pore size, which have a large
hydrodynamic resistance.

Microfiltration (MF) — a baromembrane process that occupies an intermedia-
te position between ultrafiltration and filtration, is carried out under a pressure of
0.01-0.1 MPa and differs from other baromembrane processes carried out without
phase transformations, the possibility of the formation of a solid phase on the
membrane surface (salt precipitation). The pore sizes of microfiltration (MF)
films are in the range from 10 to 0.05 um, as a result of which the process is used
to separate emulsions and suspensions of colloidal microparticles of water, defi-
ned as turbidity [2].

Ultrafiltration according to the technological scheme of the process occupies
an intermediate position between microfiltration and reverse osmosis. The ultra-
filtration method is based on the use of ultrafiltration (UV) membranes, the pore
size of which is from 0.1 to 0.02 microns.

Nanofiltration (NF) occupies an intermediate position between reverse osmo-
sis and ultrafiltration and is based on the method of its passage under pressure of
about 6-8 MPa through selective nanofiltration (NF) membranes. Their main
material is polysulfoamide, fluoroplast, cellulose acetate and other materials. The
pore size, which varies from 0.001 to 0.01 um, is selected in such a way that mo-
novalent ions can pass through them, and divalent and larger ions and molecules
are retained by the NF membrane.

Modern nanofiltration apparatuses are an alternative to ion-exchange water
softeners. They are quite complex systems, the main functional elements of which
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are a selective NF membrane, a casing, and a pump supplying water to the filter
casing for nanofiltration of water [3].

Filtration apparatuses working on the principle of baromembrane processes
(reverse osmosis, micro-, ultra-, nanofiltration) are considered [4]; they are beco-
ming increasingly used in industrial use and for domestic purposes. Their main
feature is the presence of a semipermeable membrane based on ceramics, poly-
mers, or nanocarbon materials with selective permeability to certain components
of the mixture to be separated (charged metal cations, organic molecules, bacteria,
viruses).

Osmosis phenomena play a very important role in the life of animals and es-
pecially plant organisms. Cell membranes are membranes that are easily permeab-
le to water, but almost impermeable to substances dissolved in cell sap. Pene-
trating into cells, water creates quite a lot of pressure in them, which slightly
stretches the cell membranes and maintains them in tension. That is why such soft
organs of a plant as grassy stems, leaves, flower petals have a certain elasticity. If
you cut a plant, then due to the evaporation of water through the cell wall, the vo-
lume of cell juice decreases, the cell wall falls off, becomes flabby - the plant
withers. But once the plant has begun to fade, put in water, as osmosis begins, the
cell membranes again strain and the plant takes its former form. Osmosis is one of
the reasons that cause water to rise along the stem of a plant, cell growth, and
many other phenomena.

Consider the principle of action of direct and reverse osmosis on graphic
examples. Let chamber “A” contain an aqueous solution of inorganic salts, and
chamber “B” contain pure water. Both chambers are separated by a semiper-
meable membrane capable of transmitting only water molecules. The initial state
of the system in which the direct osmotic process is realized is shown in figure 1.

Semipermeable
membrane

Pure
water

Figure 1 Figure 2

Due to the difference in pressure (concentration) of water molecules in dif-
ferent chambers (higher pressure in chamber “B”), water molecules pass through
a semipermeable membrane into a volume with a lower concentration, i.e. into the
camera "A". The volume of the solution is constantly increasing, the solution it-
self is diluted. The pressure difference of the water molecules will gradually de-
crease, inhibiting the further transfer of water molecules.
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In other words, the water level in chamber A rises until the pressure created
by the liquid column balances the flow of pure water. In this case, osmotic equi-
librium is achieved. The magnitude of the generated hydraulic pressure is called
the osmotic pressure of the solution in chamber "A" (figure 2).

If hydrostatic pressure exceeding the osmotic pressure is applied to the salt
solution in this system, we find that pure water flows in the opposite direction to
that described above, and that the salts are retained by the membrane. This pheno-
menon became known as reverse osmosis [5].

A probabilistic method was developed [6] for assessing the porosity of nano-
filtration and reverse osmosis membranes with a rigid structure. The size distri-
bution of transport pores based on porous glass is experimentally obtained. The
proposed theoretical functions describe the obtained experimental data with good
accuracy.

The development of such methods is one of the progressive directions of
science and technology. The electrochemical activity (change in the ion transport
numbers in the pores) of the membranes is highly dependent on the pore size. For
coarsely dispersed systems (electrokinetic radius yR > 20, where 7y is the Debye
parameter, R is the pore radius), an increase in ion transport numbers (in compa-
rison with a free solution) is weakly expressed due to the small contribution of
DEL to the properties of the liquid in the pores. The technological requirements
for membranes (chemical resistance to active media, mechanical strength, relative
cheapness, etc.) in most cases do not allow optimally combining high charge and
large pore sizes in industrial membranes [7].

One of the unique methods for producing new reverse osmosis membranes is
the radiation grafting of active monomers (as well as polyelectrolytes) to mecha-
nically strong substrates, which makes it possible to obtain materials with high
electrochemical activity. However, these methods are laborious and unsafe. A
promising direction in membrane technology is the use of polyelectrolyte com-
plexes based on both weak and strong polyelectrolytes (PE) [8]. Films based on
polyelectrolyte complexes can be obtained with the required permeability and
selectivity. A known method of adsorption modification by multiple sequential
deposition of layers up to 10-12 of oppositely charged PE [9]. By adjusting the
number of PE layers, membranes with desired properties (controlled charge
density, permeability, and selectivity) are obtained.

A macroporous nylon film was modified [7] with polyelectrolyte associates
based on oppositely charged synthetic polyelectrolytes and surfactants. The modi-
fying effect of polycomplexes of surfactants is evaluated by the value of ion
transport numbers. To increase the strength of fixing the polycomplex on the sur-
face of the macroporous nylon membrane, a benzene solution with different poly-
styrene contents is added. The optimal amount of polystyrene (30% wt.) Was
determined. The modified membrane increases the transport number of the ion
having a charge sign opposite to the charge of the polyelectrolyte macromo-
lecules.

10
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Membrane methods are a modern tool for implementing a number of priority
areas for the development of science, technology and technology, their practical
significance is associated primarily with the solution of global problems facing
humanity in the 21st century: the creation of high technologies, ensuring safe
living, the production of environmentally friendly food , high-quality drinking
water, as well as the formation of the proper balance between solving socio-
economic problems and preserving the environment [10].

Among such methods, baromembrane processes, in which the transfer of
matter through the film under the influence of a pressure difference, are most
demanded. First of all, they include microfiltration and ultrafiltration (I. Behhold,
1907) and reverse osmosis (I. Manegold, 1929). The classification of baromem-
brane separation methods and their position with respect to conventional filtration
are shown in figure 3.

Pressure difference, atm

200
100| Reverse
0SMosis
filtration

0,1
0,0001 0,001 0,01 0,1 i 10 100
Particle size, microns

Figure 3 — Classification of baromembrane methods

The authors of [11] discuss the practical significance of baromembrane pro-
cesses for various areas of the sphere of human activity. The methods of forming
semipermeable films and evaluating their characteristics are considered. The ad-
vantages of the electrochemical method for the synthesis of polymer membranes
(electropolymerization) are shown. A comparison is made of the methods for stu-
dying their supramolecular structure (phase composition, pore size, total porosity,
asymmetric structure). The advantages of video microscopy for their study in a
swollen state are shown. The prospects of baromembrane technologies are deter-
mined.

Membrane methods for the separation, purification and concentration of
organic and mineral substances are widely used to create economical and low-
energy and reagent-free technologies. The leading place in this area belongs to
baromembrane filtration, electrodialysis, and a new direction in the development
of membrane processes — pervaporation.
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Pervaporation is a new direction in the development of membrane processes
used for dehydration of organic solvents, in which the phase transition from liquid
in the feed phase to vapor in permeate is carried out. In recent years, this pro-
mising method has attracted great attention of researchers. A wide range of
practical use of the method requires expanding the assortment of membranes. To
this end, tests were carried out of electro-synthesized polymethylolacrylamide
films as pervaporation films for ethanol dehydration.

The possibility of using electro-synthesized ultrafiltration membranes for the
concentration and purification of phenolic impurities of aqueous extracts of
arabinogalactanis also shown. The possibility of using polymethylolacrylamide
materials for pervaporation separation of water-ethanol mixtures was revealed. It
has been established that surface modification of ion-exchange membranes by
ionogenic surfactants of various nature makes it possible to increase the separa-
tion of mono- and divalent ions by a factor of 2-3 compared with industrial ones.

The possibility of using electrodialysisis determined by the selectivity of ion
transfer through membranes, which depends on their composition and structure,
electrodialysis conditions: electrolyte composition, hydrodynamic conditions near
the membranes, and current density. In order to create selectively permeable ion-
exchange membranes, most studies are aimed at modifying their surface. The
most widespread is their chemical conversion with polyethyleneimine, which
leads to a noticeable decrease in the transfer of divalent ions as compared with
monovalent ions both through cationite and anionite membranes [12, 13].

In terms of natural water consumption and wastewater discharge, dyeing and
finishing shops occupy one of the leading places in textile enterprises. The speci-
fic consumption of natural water and, accordingly, the wastewater in them is from
about 70-400 m’ per ton of product. It has been established that more than 50 ty-
pes of organic and mineral compounds are present in the wastewater of the dyeing
and finishing shops [14]. Depending on the size of the particles contained in the
water, pollution is divided into three types (table).

Depending on the class of the dye, the type of material to be painted, and
other parameters 5-50% of the initial amount of the dye passes into the waste-
water. Maximum allowable concentrations in water are relatively low and range
from 0.1-0.0025 mg/1 [15].

Classification of textile industry wastewater pollution

Particle size Pollution form Pollution Composition Environmental Impact
Less True Cu?', AP, Fe*', Cr*', Zn?", Pb?", | excess MPC and as a
than 10% m solutions Be2+, CrO42', ClO7, NO; and etc. | result - high toxicity
. dyes, syntheticsurfactants, change in organoleptic
8 15 Colloidal .
10°-10° m . detergents properties of water,
solutions £
toxicity
fibrous waste, kaolin, pectin change in the
More Coar . . .
5 X i, breakdown products, mineral organoleptic properties
than 10” m seimpurities .
oils of water
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For the first time [16], the membrane elements of the world's leading manu-
facturers were experimentally determined using reverse osmosis technology to
purify cyanide-containing recycled water from hydrometallurgical production.
The Amur Hydrometallurgical Plant is the only enterprise operating in Russia in
2015 that uses autoclave technology for the processing of refractory gold-bearing
sulfide ores. The company uses its own reverse osmosis water purification system
for repeated reuse in production, to implement the concept of “near-zero liquid
runoff’, NZLD. A feature of this hydrometallurgical production is its sensitivity
to chloride and cyanide ions in recycled water, which reduce the extraction of
precious metals. In a specially set series of experiments, cyanide ion selectivity
in-dices were obtained at high permeate selection coefficients. It was found that
all the studied membrane elements show low selectivity of nothigher than 65 and
61% for cyanide ion with permeate selection coefficients of 0.6 and 0.7, respec-
tively.

The problem of wastewater treatment of various industries from difficultly
oxidized organic compounds is very relevant. Traditional cleaning methods are
not always effective, which adversely affects the environmental friendliness of
projects. One of the promising methods of wastewater treatment from organic
pollution is ozonation. The results of a study of the influence of nature, the con-
centration of coagulants, flocculants and ozonation on the degree of wastewater
treatment at the Ufa Plywood-Tile Plant are presented [17]. Al,(SO,); and FeCl;
were used as coagulants, and the most accessible natural active silicic acid (ACC)
and synthetic organic polyacrylamide were used as flocculants. Quantitative che-
mical analysis of the investigated wastewater showed that it is advisable to carry
out ozonation using the coagulant Al,(SO,); and the flocculant ACC. At the same
time, the degree of purification from phenol reaches 0.05 g/dm’, and COD decrea-
ses by 1.8 times.

Real wastewater from chemical and machine-building enterprises contains
both organic and inorganic compounds in their component composition, which
must be extracted from wastewater due to their value, toxicity and the possibility
of secondary use. Metal-containing wastewater contains mainly inorganic salts,
and the effluents of chemical plants contain both organic and inorganic compo-
nents. For example, aniline contained in the effluents of chemical plants along
with other compounds is used in the manufacture of dyes and rubbers.

There is a need for research and application of the reverse osmosis separation
method for effluents of engineering and chemical enterprises [18].

The widespread use of the reverse osmosis separation process is constrained
by the poorly studied mass transfer kinetics and the lack of hardware and tech-
nology design for its implementation. An experimental reverse osmosis unit with
a single-module roll apparatus and a method for studying specific productivity
and retention coefficient through an MGA-95 membrane during the separation of
inorganic salt solutions were developed [19]. Experimental studies of specific
productivity and retention coefficient through the MGA-95 membrane for
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aqueous solutions of zinc, iron, and tin sulfate were carried out. The effect of dis-
solved inorganic substances on the specific productivity and the retention coef-
ficient through the membranes of OPM-K and MGA-100 in the separation of
aqueous aniline-containing solutions was studied.

Membrane barometric separation processes include microfiltration, ultrafil-
tration, nanofiltration and reverse osmosis [3, 20-24], which differ in the size of
the recovered particles. Microfiltration retains particles larger than 0.1-1 microns
(large colloids, suspensions, bacteria). Working pressure, as a rule, up to 2-3 atm.
Ultrafiltration retains particles an order of magnitude smaller — 0.01-0.1 microns,
these include colloids, proteins; microbiological pollution of water is reduced by
4-6 orders of magnitude, large organic molecules (with a molecular weight of
over 1000 Da) are retained. Nanofiltration effectively retains components of sub-
stances with a size of 0.001-0.01 microns, organics with a molecular weight of
more than 500 Da. Chroma, organic matter, pesticides, microbiological contami-
nants, hardness salts, multiply charged ions are removed. Working pressure —
from 3 to 20 atm. Reverse osmosis removes all dissolved salts (filter rating
0.0001-0.001 microns), organic matter (with a molecular weight of less than
500 Da). Working pressure is up to 100 atm.

For the purification of solutions from ionic impurities, reverse osmosis and
nanofiltration methods are used [25]. Separation by reverse osmosis removes all
cations and anions from the water with a close degree of extraction — 98-99%. An
effective separation of one and two charge ions does not occur. During nanofil-
tration, single and doubly charged ions are extracted with significantly different
coefficients. For Na', the selectivity of the membranes is 40-60%, and for Ca+2,
Mg ™= 95-99%, which basically makes it possible to separate them. Previously,
the study of such processes was carried out mainly in the field of concentrations
close to drinking water. In the promising area of high concentrations of research,
very little. Preliminary experimental results show that with an increase in concen-
tration to tens of g/l, a significant change in the selectivity of the membrane for
single and doubly charged ions occurs. For some membranes, Na' selectivity can
tend to 0 with Ca™, Mg selectivity reaching 50-80% and even higher for mul-
tivalent heavy metal ions. In practice, this makes it possible to isolate valuable
components from saline solutions or organize the reverse use of regeneration
solutions of ion-exchange filters.

It is well known that one of the decisive factors in the habitability of the
ships of the Navy, which directly determines the success of the tasks of the
training and combat activities of naval specialists, is water supply. Providing the
crew of ships with high-quality fresh drinking water has always been a difficult
multi-stage hygiene and technical task.

Desalination of sea water, as the first stage of this task, has long been achie-
ved in the Navy by using mainly desalination plants of the evaporative type.
However, this method, despite its effectiveness, has a number of disadvantages.
So, when receiving the distillate, a large amount of energy is consumed, for its
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further mineralization the operator’s manual labor is used, storage of sets of salts
and chemicals for the subsequent disinfection of water requires the allocation of
additional ship areas. In addition, the production of certain types of these desa-
lination plants has been discontinued, as well as the production of salt kits for the
mineralization of distillate. Given the above, the relevance of the search for new
ways to solve the problem of supplying ships with quality fresh water has in-
creased.

To improve the water treatment process, a method of desalination of sea
water using reverse osmosis plants, which has recently been used on some ships
of the civilian fleet, has been proposed. Installations of this type have such advan-
tages as lower energy consumption, full automation of the process, small overall
dimensions, the possibility of application in the coastal zone, balanced physico-
chemical composition of the desalinated water obtained, its bacteriological safety.
However, despite the already begun use of reverse osmosis plants, comprehensive
studies of the effect of the consumption of desalinated water with their help on the
body were not carried out, which makes it impossible to use them on the ships of
the Navy. The preliminary studies [26] allow us to consider the use of reverse
0smosis units as a promising area for optimizing the water supply system of the
ships of the Navy.

On seagoing vessels, bottled water isused to provide seafarers with high-
quality drinking water, but its characteristics deteriorate during long-term storage.
In addition, this method is expensive. Recently, the consumption of high-quality
water obtained in desalination plants of the membrane type with the “reverse
osmosis” effect has increased. This process takes place at the molecular level and
relates to nanotechnology. Cleaning is carried out in filters using a thin film mem-
brane. All kinds of impurities are removed from the water, including the main
one — sodium chloride salts. Molecules of water and oxygen can freely pass
through the pores of the membrane with a size of 0.0001 microns, and the
remaining elements of the periodic table - only in a limited amount. So, from sea
water with a total salinity of 35 g/l of salts, water with a total salinity of about
0.25 g/l is obtained, which meets the WHO water requirement. Consider [27] the
production of environmentally friendly and high-quality drinking water on marine
vessels using nanotechnology. A description of the relevant desalination plant is
provided.

A number of regions of our country have large reserves of groundwater with
a total salinity of 1 to 35 g/l, not used for water supply due to the high content of
salts dissolved in water. These waters can become sources of water supply only if
they are further desalinated.

When water is desalinated by the reverse osmosis method, sea water is pas-
sed through semipermeable membranes under the influence of pressure signifi-
cantly exceeding the difference between the osmotic pressures of fresh and sea
water (for sea water 25-50 atm) [28]. Such membranes are made by the domestic
industry from polyamide or cellulose acetate and are available in the form of
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hollow fibers or rolls. Small water molecules can freely penetrate through the
micropores of these membranes, while larger salt ions and other impurities are
retained by the membrane.

Reverse osmosis has been used in our country since the beginning of the
1970s in various technologies for purifying water from impurities, including for
desalination of water [17]. Modern industrial reverse osmosis plants include a fine
water filter, a reagent preparation system, a high pressure pump, a filter module
unit, and a chemical washing unit.

In plants for desalination of salt water by the reverse osmosis method, pipes
are made of a porous material lined on the inside with a cellulose acetate film
that acts as a semipermeable membrane. The desalination plant consists of many
similar pipes laid parallel to each other, through which high-pressure pump (50-
100 bar or 5-10 MH/m?) is continuously pumped with sea water, and two flows
are discharged — desalted (permeate) and water with concentrated salts (concen-
trate), which merges into stock. The flow of fresh water through the membrane is
proportional to the applied external pressure. The maximum pressure is determi-
ned by the inherent characteristics of the reverse osmosis membrane. If the pres-
sure is too high, the membrane may burst, become clogged with impurities pre-
sent in the water, or allow too many dissolved salts to pass through. If the pres-
sure is too low, the process slows down.

Reverse osmosis has significant advantages compared to other methods of
desalination: energy costs are relatively small, installations are structurally simple
and compact, their work can be easily automated. The reverse osmosis system is
controlled in semi-automatic and automatic modes. Precipitation inhibitors are
used to reduce the formation of unwanted salt deposits in pipe cavities. To re-
move salt deposits from the surface of the membranes, a chemical washing
system is used; to control the quality of water purification and pH values, flow
measuring salinity and pH meters are used. Permeate and concentrate con-
sumption is controlled by flow meters [28, 29].

The 21st century will be characterized by a further exacerbation of the
shortage of fresh water on a global scale. It is noted that two-thirds of drinking
water is consumed for agricultural activities (for example, for irrigation and culti-
vation of crops). The problem of desalination of sea and ocean water is also com-
pounded by the fact that the planet’s population is growing rapidly (more than
80 million people a year) and by 2025 at least 2 billion people on the planet will
systematically experience an acute shortage of fresh water [30]. Of the 30% of
fresh water, approximately 70% are frozen in snow, glaciers and permafrost, most
of the remaining reserves are in aquifers, from where we pump it out much faster
than nature can make up for losses.

A modern technology called reverse osmosis involves passing water through
a salt retaining membrane. Although this method requires less energy than distil-
lation, it is still quite expensive and energy-intensive: the manufacture and opera-
tion of membranes is associated with high energy and economic costs (desalina-
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tion of 1 cubic meter of sea water requires at least 400 kW of electricity and
pressure up to 6, 5 MPa — 65 atm). It should not be forgotten that with any type of
desalination, a concentrated salt solution will inevitably form, which can be dan-
gerous for the environment and even for the natural reserves of fresh water. It is
difficult to get rid of the saline solution, as the salinity of sea or ocean water rises:
after cleaning with reverse osmosis, concentrated solutions will be returned back
to the sea or ocean, further deepening the desalination methods. Currently, at least
6- 10" liters of fresh water are produced daily by about 15 thousand desalination
plants around the world [30, 31].

Reverse osmosis as a method of water treatment is used, as a rule, in conti-
nuous processes. Desalinated water enters the tank made of a corrosion-resistant
material (polyethylene, polypropylene, stainless steel). Desalinated water is sup-
plied from the reservoir to the consumer using a pump made of stainless steel (in
some cases, after a reverse osmosis installation, a mixed-action filter is installed
on the line). Particular advantages of reverse osmosis are its high environmental
safety. Neither acid nor alkali are used here, which drastically reduces the load on
wastewater and improves production safety. Examples of the practical application
of the method: Drinking water obtained from sea and brackish water — Cooling
water — Air purifiers — Feed water for boilers — Humidifiers — Sterilizers [32].

Membrane separation on reverse osmosis or nanofiltration membranes is
widely used in everyday life and technology. However, the theory of such a sepa-
ration is still much unclear and systematic theoretical and experimental studies are
required. The diffusion of alkali metal and ammonium chlorides through an
OPMN — KMZ composite nanofiltration membrane depending on the electrolyte
concentration on both sides of the membrane was studied [33]. A model is pro-
posed for calculating the diffusion coefficients, taking into account the change in
the electrolyte concentration in the selective pores of the film. The diffusion coef-
ficients are calculated in the framework of the proposed model and using the Fick
equation. The influence of the orientation of the membrane with respect to the
diffusion flux on the diffusion coefficients of salts is analyzed.

The solution to the problem of environmental pollution by heavy metal com-
pounds is possible on the basis of a radical change in existing approaches to
wastewater treatment systems, as well as in the creation of local block-modular
systems based on the latest achievements of science and technology in this field.
Improving the water supply and sanitation systems of galvanic production is
associated with an increase in the effluent treatment efficiency while ensuring the
flexibility and reliability of such systems that exclude environmental pollution.

In the process of plating, the bulk of the water falls on washing operations
(about 95-98%). It is advisable to return the water from the washing baths after
cleaning to the process. The difficulty here lies in the fact that traditional methods
of treating such waters require either the use of reagents or the use of sophisti-
cated expensive equipment, for example, ion-exchange or adsorption units and are
associated with high energy costs [34]. The disadvantage of reagent methods is
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the irretrievable loss of valuable components with precipitation. In addition, pre-
cipitation is usually carried out by lime, which is why purified water contains a
large amount of calcium salts, which makes it difficult to use it in the circulating
water supply [35].

Unlike traditional methods, membrane methods look more advantageous and
have a number of advantages: compact equipment, simplicity of devices and the
ability to increase capacities due to the modular design of the equipment, fairly
low energy consumption, full automation of processing and water quality control.
However, it should be noted that reverse osmosis membranes require preliminary
treatment of water, which consists in the removal of suspended particles, dissol-
ved iron and neutralization of oxidizing agents. The disadvantages include rela-
tively low productivity, increased pressure in the system, which necessitates spe-
cial equipment seals and the phenomenon of concentration polarization, which
leads to a decrease in productivity, degree of separation, and membrane life
[34, 35]. The creation of closed water circulation in galvanic production is the
most appropriate solution. In this case, as a result of purification of polluted
waters, concentrated liquid wastes are formed that are suitable for the further
extraction of valuable components. There are several options for organizing
drainless galvanic production. Some of them suggest the presence of several non-
flowing trap baths, in which the loss of water from evaporation is replenished in
the last bath part along the movement. Other methods are based on the use of
combined wetting of parts over a working bath, followed by immersion in a trap.
Known methods of using water-air and air blowing parts above a plating bath, as
a result of which it is possible to reduce the flow rate of wash water several times
[36]. Analysis of the state of wastewater treatment in galvanic plants allows us to
conclude that the creation of a closed cycle for water and recoverable components
is possible using the reverse osmosis method.

The widespread introduction of reverse osmosis is associated with objective
difficulties, the main of which are: the creation of highly selective membranes
resistant to aggressive fluids; the manufacture of compact reverse osmosis modu-
les that would allow a small volume to concentrate a large area of the membranes;
lack of comparative technical and economic tests of various reverse osmosis ap-
paratus as applied to specific tasks of wastewater treatment; lack of recommen-
dations on the optimal areas of application of reverse osmosis apparatus in tech-
nological processes of wastewater treatment [34-36]. The solution to these issues
is based on comprehensive studies to determine the necessary parameters of the
reverse osmotic separation.

The possibility of using the reverse osmosis process for the treatment of
wash water containing heavy metal salts was considered [36]. The dependences of
the influence of the working pressure on the solution on the separation selectivity
are investigated. Based on the obtained dependences, a technology for cleaning
the wash water of the galvanic section is proposed.

The most “significant” problem in the operation of reverse osmosis systems
is the formation of various deposits on the membranes: primarily calcium carbo-
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nate, as well as calcium sulfate, iron hydroxide, colloidal and organic substances.
The problem of operating reverse osmosis plants is solved with the simultaneous
use of two types of reagents:

— by dosing inhibitors (antiscalants) into the source water. Their role is to
slow down the rate of precipitation of carbonate and calcium sulfate;

— using regular chemical washes to dissolve and remove precipitates of cal-
cium carbonate, iron hydroxide, colloidal and bacterial deposits.

Both industrial and laboratory experience has been accumulated in assessing
the effectiveness of inhibitors. The properties of inhibitors — various substances
capable of an inhibitory effect — were revealed, and the ways of their synthesis
and production were outlined [37].

The first reverse osmosis plant in the energy sector of the Russian Federation
for the preparation of additional boiler water was put into operation at the Zuev-
skaya experimental VTT CHPP exactly 20 years ago. The appearance in the ener-
gy sector of a new technology for desalination of water, which practically does
not require the consumption of reagents and does not pollute the environment,
eliminates phase transitions, is relatively simple to manufacture and operate, has
caused general interest and hope for a radical improvement in the environmental
performance of water treatment plants in power plants.

Twenty years ago, the traditional schemes of water treatment plants based on
the use of parallel-flow ion-exchange filters and, sometimes, energy evaporators,
were characterized by specific consumption of sulfuric acid in the range of
2.2-3.7 g-equiv/g-equivalent of sorbedcations, caustic soda in the range of
2.5-3.5 g-equiv/ g-equivalent of sorbed anions, sodium chloride in the range of
3.0-4.0 g-equivalent/g-equivalent of sorbedcations of hardness. Environmental
and economic problems caused by large overruns of reagents for the regeneration
of ion-exchange materials were aggravated by the huge production volumes of
demineralized and softened water at domestic power plants. The total capacity of
desalination water treatment plants for feeding power boilers was 50 thousand
cubic meters per hour, and for feeding the heating system over 100 thousand
cubic meters per hour. As a result of a combination of technical imperfection of
the water treatment equipment used and the enormous volumes of water pro-
duction, the total salt discharge from the water treatment plants of power plants
amounted to 1.5-2.0 million tons per year [38].

A comparative characteristic of various water treatment methods is carried
out [39]. High efficiency of membrane cleaning technologies is emphasized, espe-
cially in terms of reducing environmental pollution.

Of the methods of desalination of sea water, the most common are thermal
and reverse osmosis methods. The operating experience of thermal desalination
plants shows that a significant proportion of operating costs (~ 60%) is accounted
for by the thermal component. This circumstance, together with the increase in
fuel prices and a decrease in its resources, puts forward the tasks of using secon-
dary energy resources (SER) for the thermal desalination (TD) of sea waters. In
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the energy sector, emissions of the combustion products of gas turbines, power
boilers, and cooling systems of power equipment are of practical interest as SER.
The low energy intensity characteristic of the reverse osmosis desalination (OD)
method stimulates the development of energy-saving technologies based on a
rational combination of OD and TD methods [40].

The technological aspects of combined desalination of sea water based on the
methods of reverse osmosis and thermal distillation using SER were studied [40].

Currently, reverse osmosis occupies a leading place in desalting natural
waters, it removes ion exchange, evaporation, electrodes, etc. This is due to a
number of advantages: low energy consumption, minimal amount of reagents
used, relatively low operating costs, and ease of maintenance. However, along
with the advantages listed above, which are the basis of reverse osmosis, there are
also significant disadvantages: a large number of concentrations are required that
must be used, mandatory preliminary preparation of water is required for objec-
tive studies in order to fully determine weighty substances, which cannot exceed
the cost of capital the cost of the symbol itself [41].

The technology [42] for deep desalination of water with reverse osmosis
treatment at the second stage with a degree of conversion of up to 90% was
considered. To determine the likelihood of salts precipitating on the membrane, it
is proposed to use preliminary ion-exchange softening, the regeneration solution
is ready for conversion into a reverse osmosis concentration, which contains so-
dium ions. All this together allows you to increase the amount of permeate and
significantly reduce the amount of concentrated wastewater.

To obtain drinking water in the practice of water and wastewater treatment,
coagulation with a low consumption of coagulant is traditionally used, followed
by settling or filtering on pressureless filters. Chlorine-based oxidizing agents are
traditionally used to disinfect water. But in the case of severe contamination with
suspended particles, pesticides, viruses of high color and hardness, such treatment
does not allow to obtain water corresponding to Sanitary regulations2.1.4.559-96.
In the territory of the Russian Federation, two main classes of water have been
identified, which cause difficulties in processing with the aim of obtaining drin-
king water. The first class includes water from surface sources contaminated with
natural technogenic organic impurities. These impurities reduce the organoleptic
characteristics of water. In the case of treatment of these waters with strong
oxidizing agents (chlorine, ozone), the formation of secondary organic impurities
is possible, the maximum permissible concentration of which is extremely low. In
some cases, these impurities have carcinogenic properties. The second class of
waters includes waters from artesian springs with high salinity. The high minera-
lization of these waters is caused by the presence of a large number of hardness
ions and sulfates, the concentration of which is significantly higher than Sanitary
regulations 2.1.4.559-96. Long-term use of such water leads to serious illness.
The rapid growth in the importance of membrane technologies based on nanofil-
tration in the field of drinking water purification and related areas is due to the
challenges facing humanity today on a global scale:
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— providing the population with drinking water, the quality of which meets
the requirements of Sanitary regulations 2.1.4.559-96;

— reduction of natural water consumption due to processing and reuse of
generated liquid wastewater;

— minimization of both the volume of liquid effluents arising in the course of
economic activity, and the amount of salts discharged into the environment [43].

Ion-exchange membrane materials have come a long way since its inception
and the first applications in water treatment in the early 50s. Kazakhstani scien-
tists have made and continue to make a significant contribution to this process
[44, 45]. New technical capabilities that have appeared today allow you to pene-
trate deeper into the structure of ion-exchange materials, to better understand the
relationship of the structure with various properties and to find effective ways to
improve these materials. The use of hybrid technologies combining baro-, electro-
membrane, and other processes leads to highly efficient, environmentally friendly
and economical productions, where it is possible to carry out closed cycles both in
water and in dissolved substances. Today, without membranes, not only produc-
tion associated with separation processes is unthinkable, but also alternative
energy. As the director of Osmonics (USA) D. Paulson said: “The possibilities of
using membranes are so great that they are only restrained by our imagination”.

This work performed on the grant of the Committee of Science of the Minis-
try Education and Science of the Republic of Kazakhstan Ne AP05131439 on the
theme «Synthesis and modification of nanostructured ion-exchange membranes
and the creation on their basis of innovative water treatment systems».
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E. E. Epzooicun, T. K. Yanos, b. E. bezernosa, K. X. Xakumboramosa

YJIbTPA-, MUKPODPUIJIbTPALIMAT A X)KOHE KEPIOCMOCKA APHAJIFAH
XKAPTBUIAU O©TKI3T'TIH MEMBPAHAJIAP

Kazipri Tania KalapIKChI3 3KOJIOTHSIIBIK Ta3a TEXHOJIOTHSIIapAbIH 0acThl Kypamaac
Oetiri periHIe caHaNaThIH >KapThUIAl OTKI3TIIl CHHTETHKAIBIK MeMOpaHalapibl CHH-
Te3ley JKOHEe KOJIaHy CallaChIHAAFBl TEOPHSUIBIK JKOHE JKCIEPUMEHTTIK 3epTTeyJepliH
HOTIDKENEpl KOPBITBUIaHABL. bapomeMmOpaHIBI TpolecTep — Kepi OCMOC, YIIbTpa >KOHE
MUKPO(QWIBTPAKs YIIiH OJapAbl aldy Tocimaepi KapacTelpsuinsl. [lommmeprey Hemece
OpPTYPIIi MOHOMEPJIEPAl MOTUKOHACHCAIHSIAY JKOHE JIaifbIH MeMOpaHaIapAblH XUMUSUTBIK
MOZMMUKAIMACH SICTEPIMEH CHUHTE3/CITeH JKapThUlall OTKI3Till MOJuMepii MeMOpa-
HaJlap/blH maiiga 0oy MeXaHW3Mi MEH KHHETHKACBIHBIH EpEKINENiKTepl TaJKbUIaH/IbL.
OnapplH CENEKTHBTI OTKI3TIIITITIH, (H3MKAa-MEXaHUKAIBIK JKOHE JIICKTPOXUMUSIIBIK
KacHETTEPiH apTThIpY OOMBIHIIIA 3EPTTEY HOTHIKEIIEP] aIbIH/IBI.
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Cy naiibIHAayIbIH ©3eKTi Mpo0ieMallapblH MISNy YIIiH OJap.Ibl MPaKTUKAIBIK KOJI-
JIAHYIbIH NEPCIIEKTHUBAJIBI OAFBITTAPbl AHBIKTAIIBI, KYHAbI KOMIOHEHTTEPII aa OTHIPHII,
OHEPKACINTIK OHIIPIC aFbIHAAPBIH KalTa OHICY, KOFapbl KbICHIM MEH Macca ajiMacy
KapKbIHJIBI PeXKUM/ICPI KE31HC ra3 )KOHE CYHUBIK KOCTaIap sl 0ey.

Tyiiin ce3nep: memOpana, ¢unbTpanms, 6apomeMOpaHaibl npolece, Kepi 0cMoc,
KeyeK.

Pe3iome
E. E. Epeoocun, T. K. Yanos, b. E. Fezernosa, K. X. Xakumbonramosa

[MOJIYIIPOHNLIAEMBIE MEMBPAHBI
JJIA YIIBTPA-, MUKPOOUIIbTPALIMN 1 OBPATHOI'O OCMOCA

O06001IeHBI Pe3yIbTaThl TEOPETUUECKUX U IKCIEPUMEHTATBHBIX HCCIIEIOBAaHUN B
o0JlacTH CHHTE3a W TPUMEHEHHs MOJYNPOHHIAEMbIX CHHTETHYECKHX MeMOpaH, Kak
TJIAaBHOM COCTaBJISIONIEH COBPEMEHHBIX 0€30TXOIHBIX IKOJIOTUUECKH YHCTHIX TEXHOJIOTHI.
PaccMoTtpensl crocoObl UX TONy4YeHHUs! Ui 0apoMEeMOpaHHBIX IMPOLIECCOB — OOpaTHBIH
ocMoc, yneTpa- 1 MUKpoduisTpanuu. O0cyKaeHb 0COOCHHOCTH KMHETHKH M MEXaHH3Ma
00pa3oBaHMsl MOJTYNPOHUIAEMBIX TTOJUMEPHBIX MEMOpaH pa3iNYHBIX THIOB, CHHTE3UPO-
BaHHBIX METOJAMHM IMOJIMMEPU3ANNU N TTOJUKOHACHCAIMHA Pa3INIHBIX MOHOMEPOB H
XMMHYECKOH Moau(puKanyeil roToBbix MemOpaH. [IpencraBieHsl pe-3yabpTaThl UCCIEHO-
BaHWH 10 TIOBBIMICHHUIO UX CEICKTHBHON MPOHUIAEMOCTH, (PU3UKO-MEXAHUUECKHUX M JIICK-
TPOXUMHUUYECKUX CBOMICTB.

OnpenenieHbl NMEPCIEKTUBHBIC HANpPaBICHHsS HMX MPAKTHYECKOTO MPHUMEHEHUS IS
pELICHUs aKTyalIbHBIX MPOOJIEM BOJIONIOArOTOBKH, MEpepaOd0TKH CTOKOB MPOMBIIIICHHBIX
MIPOM3BOJICTB C W3BJICYCHUEM IIEHHBIX KOMIIOHEHTOB, Pa3AeieHHsI T'a30BBIX M JKUIKUX
CMecei IIpU BBICOKHX JaBJICHUSX M MHTEHCHBHBIX PEXXUMax MaccolepeHoca.

KaioueBsie ciioBa: MmemOpana, puibtpanms, 6apoMeMOpaHHbIH Tpoliece, 00paTHBII
0CMOC, TIOPBHI.

24



ISSN 1813-1107 Ne 4 2019

UDC 678.06:615.45

E. O. BATYRBEKOV, M. B. UMERZAKOVA

JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Republic of Kazakhstan

IMMOBILIZATION OF TILOZINE
ON ALGINATE MICROPARTICLES

Abstract. The immobilization of antibacterial drug tilozine on the alginate micro-
particles has been carried out. The dynamic of drug release from polymeric microparticles
was investigated. The possobility of the use of alginate spheregels for the development of
polymeric drug delivery systems with prolonged release of tilozine is shown.

Key words: immobilization, tilozine, alginate, microparticles, drug, release.

Introduction. One of the actual problems of modern chemistry and techno-
logy is the development of new polymer materials, intended for immobilization of
different compounds. Immobilized materials are widely used in different branches
of science and technique, biotechnology, chromatography, biochemical diag-
nostics, clinical medicine. On the basis of immobilized preparations sensitive
electrochemical sensors, materials for internal organs, artificial biocatalysts,
stable medicinal forms of hormones, steroids, vitamins, enzymes, antibiotics have
been developed [1].

Among polymeric carriers, applied in pharmaceutical practice with the
purposes of immobilization the alginic acid and its derivatives are of particular
interest. These polymers are practically harmless, hydrophobic, able to form vis-
cous water solutions and pastes, possess homogenizing, loosening and emul-
sifying properties. Alginic acid presents a polysaccharide, obtained from seaweed
(laminaria) and consisting of repeated links of B-D-mannuronic and a-L-guluronic
acids, interconnected with glucosidic bonds [2].

Alginic acid and its sodium and potassium salts have already found a wide
application in pharmaceutical practice as loosening and binding remedies upon
the production of tablets and preparation of ointments and pastes. In the presence
of two-valency cations alginic acid forms gels, built from guluronic acid with the
participation of a cation. A strong structure of alginate gel and big sizes of pores
allow one to easily immobilize large quantities of different physiologically active
compounds, proteins, enzymes and even cells [3-7].

The purpose of present work is development of polymeric medicinal forms
with the prolonged action by immobilization of the antibacterial drug tilozine on
alginate microparticles.

EXPERIMENTAL PART

The antibacterial drug tilozine was used pharmaceutical grade. Sodium
alginate, molecular weight 75-100 000 from Macrocystis pyrifera were purchased
from Sigma Chemicals, USA.
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Microparticles were obtained in the following way: at the first stage a
solution of drug in 2,5% solution of sodium alginate was prepared, then obtained
solution was filtered and syringed dropwise into a mixed solution of chitosan in
0,1 M of calcium chloride, at a constant dropping rate of 1,0 ml/min. The obtained
modified microparticles of calcium alginate were treated by the solution of
calcium chloride for 30 min, washed with distilled water and physiological solu-
tion. As a result gel microparticles of calcium alginate were obtained, containing
immobilized drug and a surface layer of chitosan [8].

Thickness of a microparticles coating was determined with the help of a light
optic microscope of the mark «Leica Eclipse TE300». Samples of alginate
microparticles were preliminary frozen in liquid nitrogen and cross-cut with a
scalpel just before measuring. Electronic absorption spectra of drugs in the field
of 350-800 nm were detected on a spectrophotometer Jasco UV/VIS 7850 (Japan)
in glass cuvettes with the thickness of 10 mm at 37°C.

The release of drug was studied under conditions in vitro at 37°C. With this
purpose a definite quantity of alginate particles was placed in a metallic basket,
immersed in 300 ml of physiological solutions at pH 7,1. A constant rate of
mixing of the released medium was ensured with the help of a magnetic mixer.
After definite time intervals 2 ml of the solution was selected for the determi-
nation of the content of drug with the help of the visible or ultraviolet spec-
troscopy. Release of drug was controlled each minute for the first 10 minutes,
each 2 min for the following 100 minutes.

RESULTS AND DISCUSSION

Alginic acid in the presence of divalent cations such as calcium ions forms
gels as result from specific and strong interaction between cation and guluronic
acid resudes. At formation of alginate gels the dominant role play blocks of
guluronic acids where everyone calcium cation coordinates with 10 oxygen atoms
of four residues of L-guluronate. Thus a polymeric chain get the original cellular-
extended form in which each cell has a certain orientation of atoms of oxygen to
calcium ions, forming conformation-correct links. The model of this coordination
is popularly known as the «eggs in box». The scheme of coordination of calcium
ion with blocks of guluronic acids at formation of «eggs in box» model in alginate
gels is presented in figure 1.

One of the effective antibacterial drugs widely used at veterinary is tilozine.
However along with many advantages this drug possesses short-term pharma-
ceutical action. Therefore in the given work the researches for development of
new drug delivery system based by immobilization of tilozine on alginate micro-
particles are conducted.

With the purpose of prevention of destruction and erosion of calcium algi-
nate microparticles their surface modification by a natural polymer chitosan has
been carried out. An influence of the concentration of a polymer and the time of
modification upon thickness of a surface layer of alginate gels has been studied.
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Figure 1 — Scheme of calcium ion coordination of the «egg box model» in alginate gel

For the determination of surface thickness a red congo dye has been used, able to
form a complex with chitosan. It has been established that with an increase in the
concentration of a polymer from 0,3 up to 1,5 mass % thickness of the modified
layer increases from 5 up to 60 micron, and an increase of the time of gel exposi-
tion in a 2,5% solution of chitosan from 30 min to 24 h results in an increase in
thickness of a layer from 5 up to 20 micron respectively. However, upon the
exposition of microparticles a strong compression of an alginate sphere has been
observed, stipulated by osmotic pressure of a polymer solution, resulting in the
forcing out of water molecules from alginate microparticles. The conducted
studies have made it possible to determine an optimal duration of modification of
a surface layer of calcium alginate gel microparticles.

Calcium-alginate gel microparticles had a perfect spherical shape with regu-
lar smooth surfaces suitable for drug immobilization. Scanning electron micro-
graphs of air dried alginate microparticles were illustrated in figure 2. Apparently
from drawing the microparticle has the correct spherical form in diameter 400-
600 microns, the surface of microparticles has friable fibrous structure. The
surface morphology of Ca-Alg microparticles improved by increasing alginate
concentration whereas increasing alginate concentration above 3% made prepa-
ration of the beads difficult.

The presence of aminogroup in the structure of chitosan, and of carboxylic
group in the structure of alginic acid testifies to possibility of their interaction in
solution due to electrostatic forces. That is why upon the obtaining of a modified
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Figure 2 — SEM micrographs of the tilozine-loaded alginate microparticles

cover of alginate microparticles a formation of the polyelectrolyte complex bet-
ween chitosan polycation and alginate polyanion. The interaction between sodium
alginate and chitosan in solution has been studied with the help of conductometric
and turbidimetric titration. It has been shown that upon the gradual addition of a
sodium alginate solution to chitosan solution the decrease in electroconductivity
and running of the solution takes place, accompanied by turbidity of the system.
At the ratio of alginate:chitosan, equal to 1:1 a formation of insoluble precipitate
is observed, which testifies to the formation of polyelectrolytic complex between
the components. Upon the further addition of an alginate solution a precipitate
dissolves and the characteristics of electroconductivity and running increase.

The composition of the polycomplex depends on pH of the medium. With
low pH values a non-stechiometric complex, enriched by the links of alginic acid,
is formed. In the neutral medium with pH of 7,2 aminogroups of chitosan are
mainly in the non-ionized state and possess form of compact tuber, and sodium
alginate macrochain is in the unfolded state. In the given case carboxylate anions
interact only with the available protonated aminogroups of chitosan, located on
the surface of chitosan tubers, and the formed polycomplex is enriched by the
links of a polybase. In a weakly acidic medium with pH of 4,8 the formation of
polyelectrolyte complex of an equimolar composition takes place, which is testi-
fied by wider range of minimum value of running through of a solution with the
content of alginate of 40-60 %.

One of the most important characteristics of macromolecular therapeutic
systems is a program of drug release to the organism. Figure 3 presents kinetics of
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Figure 3 — Kinetics of tilozine release from the modified alginate gel microparticles
into a physiological solution with different thickness of a chitosan coating:
1 -50 mcm; 2 — 100 mem

tilozine release from the modified alginate gel particles into a physiological
solution with different thickness of a chitosan coating. It has been shown that with
an increase in thickness of a cover the release of drug decreases significantly.
Thus, in the absence of a chitosan coating tilozine diffuses from microparticles
practically by 95-100% for 40—-50 min. Upon the use of alginate particles with the
coating thickness of 50 and 100 mcm the same quantity of the preparation is
released for 180 and 240 min respectively. Maximal thickness of a chitosan
coating provides a diffusion of the tilozine by 50-60% for 240-250 min.
Noteworthy is the presence of an induction period of 10-20 min, when no release
of the drug from the modified microparticles is observed. This time interval seems
to be necessary for the passing of tilozine molecules through a layer of a chitosan
cover, followed by a diffusion into the volume of the solution. After alginate
microparticles are in the physiological solution for 4 hours, their complete de-
struction is observed, stipulated by the substitution of calcium ions for sodium
ions.

Thus, the possibility of the regulation of the rate of drug release from the
modified alginate particles by way of alternation of thickness of the chitosan
coating has been shown. The use of such systems makes it possible to developed
the constructions with a regulated and controlled delivery of drugs to the orga-
nism in accordance with the pre-set time program.
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AJIBI'MHAT MUKPOBOJIIIEKTEPIHE TUJIO3VMH UMMOBUJIN3AIIUAJIAY

AJIBIHHATTHI TENIHIH MUKpOOOIIIeKTepiHe OaKkTepusFa Kapchl A3pi THIO3UH Ipera-
paTeiH UMMOOHITM3anmsIay Kyprizingi. [lommmepii MukpoOenmeKkTepaeH APk mpemna-
paTtrapelH 0OCaTbUTy AWHAMHKACHI 3€pTTENIi. ANBIMHAT cgeporenplepiH THIO3MHHIH
y3aK ocepii 6ocaTy Ky#eciH jkacayFa KONJaHy MyMKIHZITi KOPCETiTeH.

Tyiiin ce3aep: umMMoOHITH3aNMsIIAY, THIO3WH, ATbIMHAT, MUKPOOOIIIIEKTED, ASPITIK
OocatbLty.

Pe3iome

E. O. bamwvipbekos, M. b. Ymepzakxosa
NMMOBMIN3LUSA TUJIO3UMHA HA AJIbI MHATHBIX MUKPOYACTUIIAX

ITpoBenena mMMoOMIM3anysl aHTHOAKTEPHATIBHOTO Mpenapara THJIO3WHA Ha aJbIH-
HaTHBIX MHKpodacTHax. MccienmoBaHa IUHAMHKA BBICBOOOMKACHHS JICKAPCTBEHHOTO
BEIIIECTBA U3 TOJIMMEPHBIX MUKpodacTull. ITokazaHa BO3MOXKHOCTh HCIOJIB30BAHUS c(he-
poreneil ajmpruHaTta A CO3JaHHUA CHUCTEM C IIPOJIOHTMPOBAHHBIM BBICBOOOXKICHHEM
TUJIO3UHA.

KaioueBble ciioBa: MMMOOMIIM3AIMS, TUIIO3HMH, aJIbTUHAT, MUKPOYACTHIIbI, BBICBO-
00’KIeHUE JIEKapCTBa.
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SYNTHESIS AND ROOT-FORMING ACTIVITY
OF DITHIOCARBAMATES BASED
ON THE 2-(METHYLAMINO)ETHANOL AND QUINOLINE-8-OL

Abstract. New biologically active potassium and sodium dithiocarbamates were
synthesized by the interaction of 2-(methylamino)ethanol and quinoline-8-ol with carbon
disulfide in the presence of solutions alkali in ethanol at room temperature. As a result of
the reaction sodium 2-hydroxyethyl(methyl)carbamodithioate (70%) and potassium
O-quinolin-8-yl-carbonodithioate 2 (86%) were obtained. The structure of the synthesized
compounds was established based by the data of elemental analysis, IR and NMR (‘H and
13C) spectroscopic data. Field tests showed that the treatment of seedlings with dithio-
carbamates activates the formation of the root system and shoots in comparison with the
control group. The most effective was potassium O-quinolin-8-yl-carbonoditioat, which at
a concentration 0.01% obtaind profound results in terms of root length about — 8 cm, the
average number of formed shoots — 1,6, and an average length of the shoots at 1,4 cm.

Keywords: 2-(methylamino)ethanol, quinoline-8-ol, carbon disulfide, dithiocarba-
mates, NMR ('H and "°C) spectroscopy, root-forming activity.

Dithiocarbamates and their derivatives are known as compounds,posses-
sing antimicrobial, anti-inflammatory, flotation, herbicidal and fungicidal activity
[1-4]. At the A.B. Bekturov Institute of Chemical Sciences over the past ten years,
have been conducted studies on the synthesis of new derivatives of dithiocarba-
mates and on the search among them of new biologically active compounds. Pre-
viously, among the synthesized dithiocarbamate derivatives that we synthesized,
substances with flotation and growth-stimulating activity were identified [5, 6].

In continuation of our research, we synthesized dithiocarbamates based on 2-
(methylamino)ethanol and quinoline-8-ol, which have root-forming activity [7,8].
Potassium and sodium dithiocarbamates were synthesized by reacting 2-(methyl-
amino)ethanol and quinoline-8-ol with carbon disulfide in the presence of alkali
in ethyl alcohol at room temperature.

The course of the reactions were controlled by the method of thin-layer
chromatography (TLC) on silicagel. As a result of the isolation from the reaction
mixtures, sodium 2-hydroxyethyl(methyl)carbamodithioatel (70%) and potas-
sium O-quinolin-8-yl-carbonodithioate 2 (86%) were obtained in an individual
form with the corresponding yields.

The structures of the synthesized compounds 1, 2 were established based on
the data of elemental analysis, IR spectroscopy and 'H and “C NMR spectro-
scopy (tables 1, 2).
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In the IR spectra of compoundsl, 2 the absorption band of stretching
vibrations of the C = S group appear in the region 1093, 1047 cm’'. Valence
vibrations of the C — S bond present in the region 659, 676 cm™ (table 1).

Table 1 — Physicochemical characteristics of dithiocarbamates 1, 2

Found, % IR Spectrum,
Comp. | Yield, Ry, Calculated, % v, cm’! Formula
% Eluent
C H N S C=S | CS
1 70 0,81 27,99 | 4,83 | 8,25 136,87 1093 | 659 C,HgNNaOSs,

(dioxane) | 27,73 | 4,65 | 8,09 [ 37,02

0,31 46,71 | 2,61 | 85,03 [ 24,29

(water) | 46,30 | 2,33 | 85,40 | 24,72 10471 676 C1oHGKNOS,

Table 2 — 'H and '*C NMR spectral data for dithiocarbamates 1, 2

NMR 'H (8, ppm) NMR "C (3, ppm)
Comp.
OH CH, CH,, (CH;) C=S CH; CH,; CH3
1 4,67 | 2,88;3,68;(2,51) | 174,98 57,12; 58,00; 41,92
o 147,36 (C*®); 143,53 (C%); 135,90 (C*;
2 - | 725 7.70:8,10, 842 | 160,94 133,86 (C*%); 127,88 (C'); 121,91 (C*7)

In the PMR spectra of compound 1 there are found signals of the methyl
group protons in the region o 2,51 ppm, the protons of the methylene groups at 6
2,88 and 3,68 ppm. The proton of the hydroxyl group resonates as a singlet in the
regiond 4,67 ppm. In the >C NMR specta present the carbon atom signal of the C
= S bond in the weak field & 174,98 ppm. The carbon atoms of the methylene CH,
groups resonate at 6 57,12 and 58,00 ppm. The methyl carbon atom resonate in
the region 641,92 ppm.

In the PMR spectra of compound 2 the protons of the quinoline ring resonate
in the weak field region & 7,25; 7,70, 8,10; and 8,42 ppm. In the °C NMR spectra
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the carbon atom signal of the C = S bond appear in the weak field region & 160,94
ppm. The carbon atoms of the quinoline ring resonate in the region & 147,36
(C**); 143,53 (C?); 135,90 (C*); 133,86 (C*°); 127,88 (C'*) and 121,91 (C*).

The study of the root-forming activity of the synthesized compounds 1,2 was
carried out on the sprout of spirea (Spiraeasalicifolia) [7, 8]. Experiments on the
study of the influence of growth regulators on the growth and development of the
root system of the sprout of the willow spirea were conducted in the Institute of
Botany and Phytointroduction.

Before planting, the sprouts were kept in the solutions with concentrations of
0,01%, 0,001% with an exposure of 6 hours when the ends of the sprouts were
immersed in the solution. Then the sprouts were planted in a prepared greenhouse
in the soil, covered from above with medium-grained river sand. The sand layer
was 1.5 cm. The duration of the experiment was 3 months.

The experiment was carried out according to the scheme: 1. Control (without
treatment). 2. Analog (KH-2) with concentrations of 0,01%, 0,001%. 3. Com-
pounds 1, 2 with concentrations of 0,01%, 0,001%. The results of the experiment
are presented in the table 3.

Table 3 — Influence of dithiocarbamates 1, 2 on the rooting of the spirea sprouts

Compounds and their Number Length Number Length
concentrations, % of root forming centers | of roots, cm of shoots | of shoots, cm
Control (water) 2,1 4,1 0,9 1,2
KH-2 (0,01%) 1,7 53 0,7 0,8
KH-2 (0,001%) 2,2 6,3 1,0 0,9
1 (0,01%) 2,4 53 1,1 1,6
1 (0,001%) 22 6,4 1,3 1,6
2(0,01%) 2,1 8,0 1,6 1,4
2 (0,001%) 24 6,5 1,1 1,0

It should be noted,that comparing the four parameters, in the three para-
meters dithiocarbamates1, 2 showed a high result in comparison with the control
and the reference standard KH-2 (table 3).

Thus, the number of root centers, the length of the roots, the number and
length of the formed shoots in the control were 2,1 c¢cm, 4,1 cm, 0,9 pieces and
1,2 cm, respectively, for the preparation KH-2 at a concentration 0,01% - 1,7 cm,
5,3 cm, 0,7 pieces and 0,8 cm, but using compound 1 - 2,4 cm, 5,3 cm, 1,1 pcs
and 1,6 cm and compound 2 — 2,1 c¢m, 8,0 cm, 1,6 pcs and 1,4 cm.
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At a concentration of 0,001% the number of root-forming centers, the length
of the roots, the number and length of the formed shoots for the preparation KH-2
were, respectively, 2,2 cm, 6,3 cm, 1,0 pieces and 0,9 cm, for compound 1 —
2,2 cm, 6,4 cm, 1,3 pieces and 1,6 cm, and using compounds 2 — 2,4 cm, 6,5 cm,
1,1 pieces and 1,0 cm.

It was established that the treatment of seedlings with dithiocarbamates 1, 2
activates the formation of the root system and shoots in comparison with the
control and the reference standard KH-2. When treating the sprouts, potassium
O-quinolin-8-yl-carbonodithioate 2 turned out to be the most effective, which, at a
concentration of 0.01%, showed a good result along the root length - 8 cm, the
number of formed shoots was 1.6 and the average length of these shoots was
1.4 cm.

Thus, as a result of the conducted research, new sodium 2-hydroxyethyl
(methyl)carbamodithioate and potassium O-quinolin-8-yl-carbonodithioate,
possessing root-forming activity were synthesized. It was established that the
studied growth regulators have high biological activity and can be used in the
technology of accelerated cultivation of planting material.

EXPERIMENTAL

The course of the reaction and purity of the products were monitoredby TLC
analysis on “Silufol UV-254" plates, eluent was ethanol - benzene (1:3). Elemen-
tal analysis was performed on the CE 440 elemental analyzer. The IR spectra of
synthesized compounds were recorded on a Nicolet 5700 spectrometer in KBr
tablets. The 'H and">C NMR spectra were recordedon a JINM-ECA 400 (Jeol)
spectrometer in D,Osolution.

Sodium 2-hydroxyethyl(methyl)carbamodithioate (1). A solution of
2,02 g (0,026 mol) carbon disulfide in 10 ml of alcohol was added dropwise with
stirring to a solution of 2 g (0,026 mol) 2-(methylamino)ethanol and 1,06 g so-
dium hydroxide in 15 ml of alcohol cooled to -5 °C. The reaction mixture after
the addition of carbon disulfide was stirred for 2 hours. The solvent was distilled
off under reduced pressure and the solid residue was purified by recrystallization
from benzene. Sodium 2-hydroxyethyl(methyl)carbamodithioate 1was obtained in
3,2 g (70%) yield.

Potassium O-quinolin-8-yl-carbonodithioate (2).A solution of 3,8 ¢
sodium hydroxide in 10 ml of distilled water was added to a solution of 10 g
(0,068 mol) quinoline-8-ol in 30 ml of alcohol. Then a solution of 52 g
(0,068 mol) carbon disulfide was added dropwise at a temperature 0-5 °C. Then
the temperature of the reaction mixture was slowly raised to room temperature.
The reaction mixture was stirred at room temperature for four hours. The solvent
was distilled off under reduced pressure and the solid residue was purified by
recrystallization from benzene. Potassium O-quinolin-8-yl-carbonothioate 2 was
obtained in14,86 g (86%) yield.
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Pe3rome

E. C. Coiuesa, M. C. Mykanosa, JK. A. Paxvimbekos, B. K. IO, I'. C. Mykanosa

2-(METUJIAMHNHO)3TAHOJI/IbIH )KOHE
XNHOJINH-8-OJIAbIH, JUTNOKAPEAMATTAP CUHTE3I
JXOHE OJIAP/IbIH, TAMBIPJIAHABIPFBIII AKTUBTIJIII'T

JKana OHONOTHSANBIK aKTHBTI KM JKOHE HATpUH AWTHOKapOaMarrapbl 2-METHII-
AMHUHOATAHOJ/IBIH JKOHE XWHOJHH-8-0JIBIH KYKIPTKOMIPTEKIICH CINTI KaTBICHIHAA OeiIMe
TeMIIepaTypackIHAa OpPEeKeTTeCyi apKpUIbl CHHTE3ICIIHIN anbIHABL. Peakus HOTHKeciHae
HaTpuil 2-ruapokcudTI(MeTrn) KapOoamomutroaTsl (70%) xoHe kamwmii O-XUHONMHH-8-
wikapooHoauTroatsl 2 (86%) Geninin anbiaapl. CuHTe3AenreH 1,2 KOChUIBICTAPIBIH KY-
PBUIBICHI ANIEMEHTTIK Tajinay, UK-cnekrpockonus xone SIMP 1H »xone 13C cnekrpocko-
NUSCHl HETI3AepiHe JoMenieH . TaMbIpIaHIbIPFBIII AKTHBTLUTIKKE YPri3iireH ChIHAK
WBOJIMCTTI CIMpes KeueTTepiH 1, 2 auTHokapOaMaTTapbIMEH OHIEY TaMbIp JKYHECIH )KoHe
ocKiHIepi akTuBTeHIipreHinkepcerTi. Kamuit O-XUHOIMH-8-1I-KapOOHOJUTHOATHIHBIH
2 sa¢dexrunTiniri xorapsiekenairi 0,01% KoHIEHTpauusaaa TaMblp Y3bIH/BIFEI OOMBIHIIA
€H >KOFapbl HOTHXE — 8 CM KOPCETTi, TY3UIreH oCKiHAEp/IiH caHbl — 1,6 XoHE OChI OCKIH-
JIEpIiH OpTaIla Y3bHIIBIFH - 1,4 cM.

Tyiiin ce3aep: 2-(MeTHIaMHUHO)3TaHOI, XUHOJINH-8-0J1, KYKIpTKOMIPTEK, TUTHOKAp-
6amartap, 'H xone C SIMP CHeKTpOCKOMHUS, TAMBIPIAHIBIPFBIII AKTUBTLIIK.
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Pesome
E. C. Coiyesa, M. C. Myxanosa, K. A. Paxumbexos, B. K. IO, I'. C. Myxanosa

CHUHTE3 1 KOPHEOBPA3VIOIIAS AKTUBHOCTD JIUTUOKAPEAMATOB
HA OCHOBE 2-(METUJIAMMWHO)2TAHOJIA U XUHOJIMH-8-OJIA

HoBble Ononornyeckn akTUBHBIE AUTHOKapOaMaThl Kajlks X HATPHST CHHTE3UPOBAHBI
B3anMOJEHCTBHEM 2-(METHIIAMHHO)3TaHONIA U XHHOJHMH-8-0/1a ¢ CepoyIiIepoaoM B IpH-
CYTCTBMHM DPAcCTBOpa IIEJOYM B 3TAHOJE NPU KOMHATHOM Temmeparype. B pesyibrare
peaknuii OBUTH BBIAEIECHBI 2-TUAPOKCHITHI(METII) Kapbamomutuoat Hatpus (70%) u
O-xuHonMH-8-nnkapoonoauTHoaT Kamus 2 (86%). CTpyKTypa CHHTE3UPOBAaHHBIX COEIIH-
HeHMH 1, 2 ycTaHOBJIEHA HAa OCHOBAaHMHU JaHHBIX 3JEMEHTHOro aHanu3a, MK-cnekrpocko-
MU U crekrpockonuu SMP 'H u "C. Vicnbiranus Ha KOPHEOOpa3yIollyl0 aKTHBHOCTh
MoKasaji, 94To 00paboTKa YSPEHKOB CIMPEH MBOJMCTHOM HUTHOKapOamaramu 1, 2 aKkTu-
BH3HpPYET POPMUPOBAHHE KOPHEBOW cHCTEeMBI U moberoB. Haubonee 3¢hhekTuBHBIM OKa-
3acss O-XWHONMH-8-MII-KapOOHOIUTHOAT Kanusi 2, KOTopblii npu koHueHtpauuu 0,01%
MOKa3ajJ BBICOKMH pPe3yNbTaT MO JUIMHE KOpHEW — 8 CM, KOJIMYECTBO OOpa3oBaBIIMXCS
mo0eroB 1,6 u cpemHss IMHA 3TUX TOOETOB cocTtaBmia 1,4 cM.

KnioueBsbie ciioBa: 2-(METHIAMHHO)3TaHON, XUHOJIWH-8-0JI, CEPOYTIIEPOJI, TUTHO-
kapGamarsl, criektpockorust ' H u PCSIMP, kopHeo6pasyiomas akTHBHOCTb.
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COPPER NANOPARTICLES IN THE ELECTROCATALYTIC
HYDROGENATION OF ACETOPHENONE

Abstract. Copper nanoparticles were obtained by chemical reduction sodium boro-
hydride and hydrazine hydrate at present and without the addition of water-soluble poly-
mers (PVA, PVP and TWEEN 80) as stabilizers. Their structure and morphological featu-
res have been studied by X-ray phase analysis and electron microscopy. Obtained copper
nanoparticles have been used to activate a cathode in the electrohydrogenation of ace-
tophenone in an aqueous- alcohol-alkaline catholyte medium. A higher electrocatalytic
activity of copper nanoparticles prepared using sodium borohydride was established,
which is insignificantly higher than that of copper nanoparticles produced by the method
of electric explosion of a wire and noticeably higher than that of electrochemical copper
powder.

Keywords: copper nanoparticles, copper (II) chloride, polymer stabilizers, electroca-
talytic hydrogenation, acetophenone.

Introduction. Nanosize materials based on copper has attracted a significant
interest due to the wide perspectives of their application in science and techno-
logy. More attention is paid to obtaining and studying the physicochemical pro-
perties of copper nanoparticles, which are in demand in catalysis, optical, sensory
and electronic devices [1-3]. In addition, copper has bactericidal and antimicrobial
properties, which allows to use these materials based on it in medicine [4, 5].
Advances in the production and use of copper nanoparticles depend on whether
the chosen method allows obtaining stable nanoparticles of a given size, which
can maintain a high chemical activity for a long time.

At present various methods of obtaining copper nanoparticles are well-
known, including thermal reduction [6], polyol method [7], chemical reduction
[8], vacuum vapor deposition [9], electrical explosion of conductors [10], micro-
emulsion methods [11] et al. The methods of chemical reduction of copper salts in
aqueous solutions are considered more frequently use and promising. The me-
thods are simple in the technical design and allow to control the process and
prepare particles with specified parameters. Despite of the simplicity, there are
some difficulties associated with the high chemical activity of the obtaining
particles, as a result of which they are enlarged and/or oxidized by atmospheric
oxygen. To prevent from, it is necessary to solve the problem of the selection of
synthesis conditions, to choice the reagents, as well as the use of various stabi-
lizers. As reducing agents the following reagents are often used: gases (H,, CO,
etc.) under increased pressure, more active metals, organic and inorganic com-
pounds [12]. Reduction can occur in various environments, for example, in
aqueous, organic, water-oil-polymer, water-oil-surfactant systems and others. In
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the work [8], the factors affecting to the size, morphology, stability and other
characteristics of the obtaining copper nanoparticles were described in detail. In
the work [7], the effect of temperature, amount of reducing agent and rate of
precursor addition on the particle size of copper prepared by polyol method using
polyvinylpyrrolidone, sodium phosphinate and copper sulfate was investigated.
Nanosize copper powder with a diameter of 20-100 nm was obtained using a
reducing agent of sodium borohydride and polyvinylpyrrolidone as a stabilizer
[13]. The influence of synthesis conditions on the properties of copper nanopar-
ticles formed during the reduction of copper sulfate with sodium borohydride and
hydrazine hydrate in the presence of polyethylene glycol was studied, and it was
shown that in the two-stage reduction the more sized copper nanoparticles with a
diameter from 19.9 to 56.4 nm are formed compared to borohydride reduction
[14, 15].

In order to increase the stability of the nanoscale state in chemical methods, a
stabilizer is introduced into the reaction medium, whose role is to interact with the
surface atoms of the nanoparticle leading to a decrease in excess surface energy.
Various substances are used as stabilizers, among which polymers comprise a
large group [16-19].

In this work, the main attention pays to the production micro- and nanopar-
ticles of copper by chemical reduction from its salt at the presence and without
polymer stabilizers, and the study of their electrocatalytic activity in the process
of electrohydrogenation of acetophenone (APh). For comparison of electroca-
talytic properties of the synthesized copper particles, the experiments on electro-
catalytic hydrogenation of APh were performed using copper particles obtained in
the electrochemical system (Cug/cy), as well as those produced by the electric wire
explosion method (EWE) («Tomsk Nanopowders» LLC).

EXPERIMENTAL PART

Copper micro- and nanoparticles were produced in an aqueous-ethanolic
medium using the reducing agents sodium borohydride (NaBH,), a strong
reducing agent, and hydrazine hydrate (N,H4H,0), a relatively slow reducing
agent, without and at the presence of addition water-soluble polymers. Polyvinyl
alcohol (PVA), polyvinylpyrrolidone (PVP) and polyoxyethylenesorbitanmono-
oleate (TWEEN 80) were used as polymer additives. The reaction equations for
the reduction of copper cations Cu”" with the reducing agents can be written as
follows:

CuCl, + 2NaBH, + 6H,0—Cu’| + 2H;BO; + 2NaCl + 7H,1,
2CuCl, + N,H, +4NaOH— 2Cu’| + N,1 +4NaCl + 4H,0.

The chemical reduction of copper (II) cations from its salt was carried out
according to the following basic method of synthesis:
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Copper chloride, CuCl,-2H,0, (0.054 mol) was dissolved in 50 ml of an
aqueous-ethanolic solution (with a ratio of 1:1 by volume) without and with
subsequent addition of 3% polymer aqueous solution. With vigorous stirring a
20% NaOH solution was added, raising the pH to 8 (using NaBH,) and to 10
(using N,H4H,0) and increasing the temperature of the reaction medium to
30 and 40°C, respectively. Stirring was continued for one hour. The precipitate
was centrifuged, washed with deionized water and ethyl alcohol. The nit was
dried at 60°C under 0.06 MPa.

The method of the synthesis of copper micro- and nanoparticles (Cugcy) in
an electrochemical system is described in [20].

In the method of electric wire explosion [10], nanosized copper powders
(Cugwg) were obtained by passing a high-density current impulse through a piece
of copper wire, which was destroyed in the smallest particles and pairs. Scattering
at high speed, the products of destruction cooled rapidly and as a result a highly
dispersed copper powder was formed.

The structure and phase constitution of the synthesized copper micro- and
nanoparticles were studied by X-ray diffraction (XRD)analysis on a DRON-2
diffractometer, the morphological features of the copper nanoparticles were
scannedon the TESCAN MIRA 3 LMU electron microscope.

The electrocatalytic activity of copper particles was studied in the process of
electrohydrogenation of acetophenone, the product of which is methylphenyl-
carbinol (MPhC), a known fragrant substance with a wide range of applications.
Experiments were carried out in a diaphragm electrochemical cell in alcohol-
aqueous-alkaline catholyte with a current of 1.5 A, and a temperature of 30°C.
The cathode was a copper plate that was closely contacted the bottom of the cell
and served as a substrate for the applied copper particle as a catalyst (by a weight
of 1 g), platinum gauze was used as an anode. The initial concentration of APh
was 0.198 M. The copper nanoparticles deposited on the cathode (without fixing)
were first saturated with hydrogen (stage I). Then organic matter was introduced
into the catholyte and its electrocatalytic hydrogenation occurred (stage II). The
amount of hydrogen absorbed V,, the hydrogenation rate W,the hydrogen utili-
zation coefficient #,and the conversion of the hydrogenated compound o were
calculated from the volumes of gases evolved (oxygen and hydrogen). The hydro-
genation products were extracted from the catholyte with chloroform, and the
extract was analyzed on a Kristall-5000.1 chromatograph.

RESULTS AND DISCUSSION

The phase constitution of the synthesized copper micro- and nanoparticles
were studied by XRD analysis before and after their use for cathode activation in
electrohydrogenation of APh. The X-ray diffraction patterns for the synthesized
copper nanoparticles obtaining by chemical reduction and for Cugwg nanoparticles
given in figures 1-3.
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Figure 1 — XRD patterns of Cu particles reduced by NaBH,
before (@) and after (b) electrocatalytic hydrogenation of APh
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Figure 2 — XRD patterns of Cu particles reduced by N,H,-H,O
before (@) and after (b) electrocatalytic hydrogenation of APh
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Figure 3 — XRD patterns of Cu particles synthesized by the EWE method
before (a) and after (b) electrocatalytic hydrogenation of APh
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From the X-ray patterns follows, the phase constitutions of copper particles
reduced byNaBH,; uN,H,-H,O and copper nanoparticles obtained by the EWE
method are almost identical after their use in the electrohydrogenation of APh
(figures 1b, 2b and 3b) They contain crystalline phases of metallic copper (Cu®)
with corresponding peaks of high intensity and Cu,O oxide in a relatively smaller
amount. Phase constitutions of copper particles before electrohydrogenation of
APh have some differences. If the constitutions of Cu(N,H,; -H,0) particles and
Cu nanoparticles produced by the EWE methodcontain crystalline Cu’ phases
with sharp peaks of high intensity (figures 2a and 3a), then the Cu(NaBH.,)
sample contains little the crystalline phases of copper in zero-valence state (figu-
re la); there are a larger amount of monovalent copper oxide and also copper (II)
oxide. Monovalent copper oxide is also present in the composition of the initial
Cu(N,H4-H;0O)and Cugwg particles, which may be due to their oxidation in air. It
should be noted that the degree of oxidation of copper particles and their sizes
decrease in their samples synthesized in the presence of PVP and PVA polymers.
It can be concluded that additional reduction of copper (II, I) cations from its
oxides to Cu’ occurs in the electrochemical system, as evidenced by the increased
peak intensities for the crystalline Cu’phases at the XRD patterns for cupper
particles after their use in electrocatalytic hydrogenation of APh (figures 1b - 3b).

On the micrographs of Cu(N,Hs -H,0) particles (figure 4) agglomerates of
bound together thin-plate formations of various sizes are visible. On a multi-layer
EDS (Energy Dispersive Spectroscopy) map of a selected area of particles, in
addition to Cu and O, such chemical elements as Na and Cl are present, which are
adsorbed (obviously, as NaOH or NaCl molecules)on the surface of copper
particles after reduction from CuCl, in an aqueous-alcohol-alkaline medium.

The Cu(NaBH,) particles (before hydrogenation) have a similar morphology
with the presence of Na, Cl and B on their surface (figure 5a). After electrohydro-
genation of APh nanosizedparticles are formed (from 50 nm and above) with a

Figure 4 — Micrograph and multilayer EDS map of Cu particlesreduced byN,H,-H,O
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Figure 5 — Micrographs of Cu (NaBHy) particles
before and after electrocatalytichydrogenation of APh

clearer rounded shape (figure 5b). The Cu nanoparticles produced by the EWE
method (figure 6) are coarse-grained particles closely adjacent to each other, and
covered with smaller rounded particles with a size distribution generally from 40
to 160 nm.

40 60 80 100 120 140 160 180 200 220
d, nm

Figure 6 — Micrograph and histogram of the size distribution of Cu particlesproduced
by the EWE method

The synthesized copper micro- and nanoparticles were used as catalysts
when applied to the cathode surface in the process of electrohydrogenation of
APh. The main product of electrohydrogenation of APh is methylphenylcarbinol:

C¢Hs-C(0)-CH; + 2H" + 2¢'— C¢Hs-CH(OH)-CHs.
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In table, the results of APh electrohydrogenation on coppernanoparticles
prepared without and in the presence of polymer-stabilizers, as well as by various
methods are given. For comparison, there are the results of the electrochemical
reduction of APh on the Cu cathode, which takes place with a relatively low pro-
cess rate and conversion of the hydrogenated substance, not exceeding 22.1%.

According to data of table, under application Cug, powder to the Cu
cathode the electrohydrogenation of the APh is accelerated, and its conversion
increases compared with the electrochemical reduction on Cu cathode. This pro-
cess is even more noticeably accelerated by using Cugwg nanoparticles.

Electrocatalytic hydrogenation of acetophenone using copper micro- and nanoparticles

c ol Duration of stages, min W, mL H,/min n % a,
opper particles ; - (0= 0,25) (= 0,25) 9
Cu cathode 30 60 1,0 6,9 22,1
CuE/Ch 40 70 5,6 52,5 83,5
Cugwg 40 60 7,1 68,1 99,5
Sodium borohydride as a reducing agent
Cu 50 40 7,5 73,6 100,0
Cu+PVP 70 50 7,3 70,8 100,0
Cu+PVA 40 60 7,3 70,8 96,6
Cu + TWEEN 80 50 70 6,9 68,8 100,0
Hydrazine hydrate as a reducing agent
Cu 40 70 7,3 72,2 97,2
Cu+PVP 40 50 5,6 55,8 72,5
Cu+PVA 60 60 7,0 66,7 100,0
Cu + TWEEN 80 70 70 6,6 62,5 98,1

Electrocatalytic hydrogenation of APh is carried out most intensively and
with maximum conversion on Cu particles prepared by chemical reduction using
sodium borohydride. Stabilization of copper nanoparticles by polymers during the
reduction of its cations with sodium borohydride is also effective, especially since
the copper content in 1 g of such a sample taken to activate the cathode is less
than in samples of Cu particles synthesized without a polymer. It should be noted
that in the presence of PVP and PVA polymers the reduction of Cu®*cations is
accomplished by the formation of a stable suspension of ultrafine copper par-
ticles, which makes difficult to separate them, and obviously after washing, small
amounts of polymer remain in their composition.

On copper particles obtained using hydrazine hydrate without the addition of
a polymer and in the presence of PVA the electrocatalytic hydrogenation of APh
is also carried out at high rates, but slightly lower than when using NaBH,4. The
rate of hydrogenation and APh conversion determine the duration of its electro-
catalytic hydrogenation, which varies from 40 to 70 minutes. The duration of
stage | (the saturation of copper particles with hydrogen), at which additional
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electrochemical reduction of copper cations from its oxides occurs, also varies in
this time range and is determined by the conditions of copper particles synthesis
and the initial content of copper oxides in them.

Conclusions. It was shown that using sodium borohydride to reduce copper
(IT) cations from aqueous-ethanol solutions of its salt without and with the addi-
tion of PVP and PVA water-soluble polymers, the ultrafine copper particles with
higher electrocatalytic activity are formed, than in the case of hydrazine hydrate,
as well as the Cug/c, and Cugwg particles with additional reduction of copper (I, II)
cations in the electrochemical system from its oxides present in their phase
constitutions. The hydrogenation rate of acetophenone increases by 5-7 times
compared to its electrochemical reduction at the copper cathode with its maxi-
mum conversion to methylphenylcarbinol — a well-known fragrance (hyacinth-
carbinol), which is confirmed by the chromatographic analyzes.

REFERENCES

[1] Gawande M., Goswami A., Felpin F., Asefa T., Huang X., Silva R., Zou X., Zbo-
ril R., Varma R. Cu and Cu-based nanoparticles: synthesis and applications in catalysis // Chem.
Rev. 2016. Vol. 116. P. 3722-3811.

[2] Park J., Kwon T., Kim J., Jin H., Kim H.Y., Kim B., Joo S.H., Lee K. Hollow nanopar-
ticles as emerging electrocatalysts for renewable energy conversion reactions // Chem. Society Rev.
2018. Vol. 47, N 22. P. 8173-8202.

[3] Khandelwal A., Joshi R. Synthesis of nanoparticles and their application in agriculture //
Acta Sci. Agriculture. 2018. Vol. 2, N 3. P. 10-13.

[4] Gulchenko S.I., Gusev A.A., Zakharova O.V. Prospects for creation antibacterial prepara-
tions based on copper nanoparticles // Vestnik TSU. 2014. Vol. 19, N 5. P. 1397-1399.

[5] Halevas E.G., Pantazaki A.A. Copper nanoparticles as therapeutic anticancer agents //
Nanomed. Nanotechnol. J. 2018. Vol. 2, N 1. P. 119-139.

[6] Evstifeev E.N., Novikova A.A. Obtaining of copper nanoparticles by thermal decompo-
sition of the formate complex of copper with triethylamine // Mezhdunarodnyi zhurnal prikladnyh i
fundamental'nyh issledovanii. 2017. N 9. P. 135-139.

[7] Park B.K., Jeong S., Kim D., Moon J., Lim S., Kim J.S. Synthesis and size control of
monodisperse copper nanoparticles by polyol method // J. Coll. Interface Sci. 2007. Vol. 311, N 2.
P. 417-424.

[8] Soldatenko E.M., Doronin S.Yu., Chernova R.K. Chemical methods for producing copper
nanoparticles // Butlerovskie soobshcheniya. 2014. Vol. 31, N 1. P. 103-113.

[9] Liu Z., Bando Y. A novel method for preparing copper nanorods and nanowires // J. Adv.
Mater. 2003. Vol. 15, N 4. P. 303-305.

[10] Yavorovsky N.A. Obtaining ultrafine powders by the electric explosion method // Izv.
vuzov. Fizika. 1996. N 4. P. 114-136.

[11] Dash P.K., Balto Y. Generation of nano-copper particles through wire explosion method
and its characterization // Res. J. Nanosci. Nanotech. 2011. N 1. P. 25-33.

[12] Pomogaylo A.D., Rosenberg A.S., Uflyand I.E. Metal nanoparticles in polymers. M.:
Khimiya, 2000. 672 p.

[13] Hashemipour H., Zadeh M.E., Pourakbari R., Rahimi P. Investigation on synthesis and
size control of copper nanoparticle via electrochemical and chemical reduction method // Int. J.
Phys. Sci. 2011. Vol. 6, N 18. P. 4331-4336.

[14] Auchynnikova E.A., Vorobeva S.A. Synthesis and properties of the copper nanoparticles
obtained by two-stage reduction // Vestnik BGU. Ser. 2. 2015. N 1. P. 32-37.

[15] Auchynnikova E.A., Vorobeva S.A. Synthesis and properties of copper nanoparticles
stabilized by polyethylene glycol // Vestnik BGU. Ser. 2. 2013. N 3. P. 12-16.

44



ISSN 1813-1107 Ne 4 2019

[16] May Y-W., Yu Zh-Zh. Polymer nanocomposites. M.: Technosphere, 2011. 688 p.

[17] Whittell G.R., Manners I. Metallopolymers: new multifunctional materials // Adv.
Mater. 2007. Vol. 19, N 21. P. 3439-3468.

[18] Guzmana A., Arroyoa J., Verdea L., Rengifoa J. Synthesis and characterization of cop-
per nanoparticles/polyvinyl chloride (Cu NPs/PVC) Nanocomposites // Procedia Materials Science.
2015.N 9. P. 298-304.

[19] Benavente E., Lozano-Zarto H., Gonzales G. Fabrication of copper nanoparticles: ad-
vances in synthesis, morphology control, and chemical stability // Recent Patents on Nanotechno-
logy. 2012. Vol. 7, N 9. P. 108-132.

[20] Baeshov A.B., Zhurinov M.Zh. About the formation of ultrafine powders of metals in
aqueous solutions during cathodic polarization and during polarization with alternating current //
Chemical Bulletin of Al-Farabi KazNU. 2008. N 2. P. 12-14.

Pe3rome
A. A. Bucypxanosa, H. M. Heanosa, E. A. Cobonesa, 3. M. Mynoaxmemog

MbIC HAHOBOJIIIEKTEPIHAE ALIETO®EHOH/IbI
SJIEKTPOKATAJIMTUKAIJIBIK TUAPUPJIEY IETT

Mpsic HaHOOONIIEKTEpi, TYPaKTAHABIPFHII PETIHIAC CyAa EpUTIH IONUMEpIepMEH
(IIBC, IIBII >xone TWEEN 80) xaThICBIHAA XKoHE OJApBIH KaTHICBIHCHI3 HATPUi OOprui-
PHUIIMEH THAPAa3HHTUAPATICH XUMHUSIIBIK TOTHIKCHI3AAHABIPY apKbLIbl albiHFaH. OnapapIH
KYPBUIBICHI MEH MOP(OJIOTHSUIIBIK €PEeKIICTIKTEepl PEHTreHO(]a3anblK Tanaay KoHE DIIEKT-
POHJIBIK MHKPOCKOIHS 9JIICTEpIMEH 3€pTTENIeH. AJIBIHFAH MbBIC HaHOOOJIIEeKTepi KaTo-
JIUTTIH CYJBI-CIIUPTTI-CUITLTI OpTachIHAa aneTO(EHOHIBI 3CKTPOTrHaApaIusIayaa KaTo-
ThI OCJICEHIIPY YIIiH KOJJIaHbutFaH. HaTpuii OOprujpumiH KOJJTaHYMEH IailbIHaaIraH
MBIC HAHOOOJIIIEKTEPiHIH HEFYPIIBIM JKOFaphl 3JIEKTPOKATAIUTHKAJIBIK OEJICEeHILTIr OpHa-
TBUIFaH, OJ1 CHIMJIap/bIH MIEKTPIIIK >KapbLIybl 9/1iCIMEH JIBIHFaH MBIC HAHOOOIIIEKTepiHe
KaparaHaa eJieyci3 JKOFaphl JKOHE MBICTHIH JJICKTPOXMMUSUIBIK YHTarblHA KaparaHza
e1oyip JKOFapHI.

Tyiiin ce3nep: Mbic HaHOOOMIEKTEPi, MBIC XIopH i (1), momMMepITik TypaKTaHIBIp-
FBILITAp, JJIEKTPOKATATIUTHKAIBIK TUIPUPIIEY, AalleTOQESHOH.

Pe3rome
A. A. Bucypxanosa, H. M. Heanosa, E. A. Cobonesa, 3. M. Mynoaxmemog

HAHOYACTULIBI MEJIU B SJIEKTPOKATAJIMTUYECKOM
I'MAPUPOBAHNU ALTETO®EHOHA

HanowacTumpl Meau mONydeHBl METOJOM XMMHYECKOTO BOCCTAHOBICHHS OOprui-
PHUIIOM HATpUS U THAPA3MHTHAPATOM 0e3 U ¢ J0OaBJICHHEM BOJOPACTBOPUMBIX MOJIMMeE-
pos (IIBC, TIBIT u TWEEN 80), kak crabuiu3atopos. Mx crpoerue u MOphOIOrHIECKUe
0COOCHHOCTH HCCJICIOBAaHbI METOAAMU DPEHTreHO()Aa30BOrO aHaM3a W IJICKTPOHHOM
MUKpockonuu. [lomydeHHbIC HAHOYACTHIIEI MEIHM MPUMCHEHBI JUIsl aKTHBAIIMK KAaToaa B
AJIEKTPOTHIPUPOBAHUM aleTOPEHOHA B BOJHO-CITUPTOBO-IICIIOUHONW CpEle KaTOJMTA.
VYcraHoBiieHa 0o0Jiee BBICOKAs JIICKTPOKATAIUTHYCCKAS AKTHBHOCTh HAHOYACTHI[ MEIH,
MIPUTOTOBIICHHBIX C MPUMEHEHHEM OOPTHUAPHUAA HATPHUS, KOTOpas HE3HAUYUTEIHHO BEHIIIE,
YeM Y HAHOYACTHI] MEH, IMOJTyYCHHBIX METOJIOM AJICKTPHUYCCKOTO B3pPHIBA IMPOBOJIOKH U
3aMETHO BBIIIC, YeM Yy DIICKTPOXUMUICCKOTO MTOPOIITKA MEITH.

KuaroueBnie ciioBa: HaHOYacTUIIR Meau, ximopua Menu (II), monnmepHsie cTaOmmu-
3aTOPHI, IEKTPOKATATUTHICCKOE THAPHUPOBAHNUE, alleTO(EHOH.
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MNOJYYEHHUE AKTUBUPOBAHHOI'O YIJUISA
CO-TEPMOJIM30M PHCOBOM COJIOMBI 1 HE®TEIILIAMA

AHHoTanus. IIpemnaraerca cnoco® MOTydeHUs] aKTHBUPOBAHHOTO YTIISI CO-TEPMO-
JU30M PHUCOBOH comoMbl U HepTemtama. Co-TepMON3 PUCOBOH CONIOMBI W He(TenIamMa
MIPOBOJIMIIA B TPyOUaTOH Iedn, M3rOTOBJICHHON U3 HEpKaBEIOmIeH cTainu BEICOTOH 250 MM
U BHYTPEHHHM AMaMeTpoM 25 MM. B meup momemaror cMeck u3 9 r pUCOBOM COJIOMBI
1 r HedTeuama, KapOOHM3AIMIO TPOBOIAT Mpu Temneparypax 350-500°C. AxkTuBanuio
KapOOHM3aTa MPOBOIWIN MapaMU BOJBI MPH cooTHomeHUAX 1-4:1 u mpu Temmeparypax
750-900°C. MHUKpPOCTPYKTYpy MOJIYYEHHOTO aKTUBHPOBAHHOTO YIJIS U3Yy4aldl CKaHUPYIO-
LM PacCTPOBBIM UIEKTPOHHBIM MUKPOCKONOM. ONTUMAaIEHBIM YCIIOBHEM IONTY4EHHUS aK-
TUBHPOBAHHOTO YIJIsl CO-TEPMOJIM30M PHCOBOM COJIOMBI M He(Tenuiama sIBISIeTCSl TeMITe-
parypa xap6onuzanmu 500°C ¢ nponomxurensHocTbio 100 MUH, akTHBAIMK KapOOHHU3aTa
npu Temneparype 850°C u mpu COOTHOIICHHM Bopa:KapOoHmM3ar = 2:1. AncopOnnoHHas
aKTUBHOCTb IO Hoay cocTasisieT 94,03%. IlomydeHHBI IPOAYKT COOTBETCTBYET aKTUBU-
poBaHHBIM yTiIAM Mapku BAY-M®, BAY-A u BAY-An.

KnroueBble ciioBa: co-TepMoNIn3, aKTUBALUS, PUCOBasi cojoMa, Herenuiam, aKTH-
BUPOBAHHBIN YTOJIb.

Beenenune. AKTHUBHPOBaHHBIN Yrojib HAXOOUT IIUPOKOE MPAKTHUECKOE MPH-
MEHEHHE B OYHCTKE BO3AyXa M Ta30B, B 00ECIIBEUNBAHNHU M OYUCTKH KHUJIKOCTEH 1
pacTBOpPOB, B BOJIOTIOATOTOBKE, B KadyeCTBE KaTalM3aTOpOB W HOCHUTEJEH
KaTaJIn3aTOpPOB, B MEAUIMHE, B TAOAYHOM MTPOM3BOACTBE U T.1. [1].

N3BecTeH cnoco0 MoMydeHHsl aKTUBUPOBAHHOTO YIJISI U3 PUCOBOM LICTYXH,
KapOOHHM3AIMIO PHCOBOW IIENyXHW TMPOBOAAT mpH Temmeparype 350-400°C B
TeyeHne 60 MMH, aKTUBAIMIO MOJyYEHHOTO YTJIEPOJHOr0 MaTepuana MpOBOAAT
yIJEeKUCIbIM TazoM mpu Temneparype 850-900°C B teuenue 180 muu [3].
ABTopamMu [2] TOIy4eH aKTUBHPOBAaHHBIH YTrOjb W3 CIEINKOKCa Ha OCHOBE
KaMeHHOTo yris mapku «J{» Ily0apkombCcKOro MecTOpOKAEHUs, KOTOPBIH Mpe-
JBapUTEIbHO WU3MENBYaloT 10 ¢pakuuu 1,5-4 MM, a aKTHBAaLMWIO MPOBOIAT MpPHU
temriepatype 850-950°C. MmeroTcss Tpyasl 1O COBMECTHOH mepepaboTke OBITO-
BBIX OTXOJIOB C IEJbIO MOJY4YEeHUSI aKTUBUPOBAHHOTO YTJISl C BEICOKMMHM aJICOPO-
LIMOHHBIMU XapaKTePUCTUKAMHU, TaK aBTOpaMH IOJIy4e€H aKTUBUPOBAaHHBIN yroib
U3 CHHTE3UPOBAHHOIO OJHOCTAIUMHBIM W JABYXCTaIUHHBIM COBMECTHBIM CO-
MMAPOJIN30M W3 MYHHIIUITAJLHOTO IIIaMa M CKOPIYyIBI KOKOCOBOTO opexa [4].
[oka3zano, 4TO NBYXCTaJUHHBIA CO-TIUPOJIN3 YIIyUIIAET acOpOIMOHHBIE BO3MOXK-

46



ISSN 1813-1107 Ne 4 2019

HOCTH aKTHUBHPOBAHHOI'O YIJIA, 6nar0aap;1 UMy AOCTUTACTCA Jiydllasd 3KOHOMU-
YecKasl ICHHOCTh OTXOJIOB.

Panee Hamu ObUI MOJTyYeH aKTMBMPOBAHHBIM YIOlb M3 PUCOBOH COJOMBI U
menyxu [5], a Takke COBMECTHOW MepepadOTKON PHCOBOH Mmenyxu u Hedre-
nutama [6].

[Ipu npoBeneHUN CO-TEPMOJIN3a HCIIONB3YIOTCS MHOIOKOMIIOHEHTHBIE CMECH
WM KOMIIO3UTHI, pa3jIMYHbIX I10 cBOEH pUpoaAC OPraHNYCCKHUX MaTCpuajioB C
[ENbI0 TIONYyYEHHUsI CHHEPTH3Ma TEepMOJIM3a KOMIIOHEHTOB H, COOTBETCTBEHHO,
yIIy4IIEHUsT BBIXOAA M CEJIEKTHMBHOCTM BTOPHYHBIX HPOIYKTOB. lIpomeccsl co-
KapOOHHU3AIMN CMECel TEeXHOTEHHOTO CBHIPhS M MPUPOAHBIX YTIEPOIHBIX MarTe-
PpHUAIOB C LCIIBIO MOJYUCHUA TBEPABIX MOPUCTHIX COp6CHTOB OTHOCHUTCIIBHO HOBAasA
U MaJIOM3y4eHHasi 00JacTb MPUMEHEHUsI CO-TepMOJM3a K 3afadaM repepadoTKu
OPTaHUUYECKOI'O CHIPBSI.

OKCITEPUMEHTAIJIBHAA YACTD

PucoBas conoma 0bl1a n3MeNb4YeHa 10 MOPOLIKOBOTO COCTOSIHHS Ha jJadopa-
TOPHOW MENBHUIIE.

Co-TepMoIM3 CMECH PHICOBOM COJIOMBI M He(dTemuraMa MPOBOIWIHA B TPYO-
4aToM Te4H, U3TOTOBJICHHON M3 HepXaBerollel cTaiu BbICOTON 250 MM M BHYT-
pEeHHUM AMaMeTpoM 25 MM. B meus momemaror cMech U3 9 T pucoBoil CONIOMBI U
1 r HedTemmama (onTUMaIbHOE COOTHOIIIEHHE COTIacHO pabore [6]), kapOoHM3a-
A0 TTPOBOAWIN Tipu Temrmeparypax 350-500°C. 3atem ¢ HmwKHEH YacTh TPyO-
4aToOH NeYr MOJAKIII0YACTCS COCY/I AJIs [TOIa4yy Tapa BOJAbI Ipu Temnepatype 750-
900°C.

[ToBepXHOCTh MOTYYEHHOTO aKTHBHPOBAHHOTO YIUIA M3yYajl Ha PacTPOBOM
CKaHUPYIOIIEM 3JICKTPOHHOM Mukpockorne JSM-6510 LV ¢upmer JEOL (Smno-
HUSA).

CBoiicTBa TONyYEHHBIX AKTUBHUPOBAHHBIX yTield (aacopOlMOHHAs aKTHB-
HOCTh TI0 H0/ly, CyMMapHbIii 00beM Mop Mo BOJAE, MaccoBasi J10JIA BJard, HACHIM-
Has IJIOTHOCTH) OIMpPEAEIIsIN M0 U3BeCTHOU MeToauke [7-10].

PE3VYJIbTATBI 1 OBCYXJIEHUE

Co-TepMoIM3 CMECH PUCOBOH COJIOMBI M He(relaaMa MIpoBOJUIN CO CKO-
pocThio moasema Temmnepatypsl 10°C B MUHYTY 10 HEOOXOIMMON TeMIepaTyphl
(350-500°C) m BBLIEpKMBaNM MPH NaHHBIX Temmeparypax 50-150 muH. Bwixon
KapOOHHM3aTa MIPH CO-TEPMOJIN3E B PA3IIMUHBIX YCIOBHUAX cocTaBisieT 27,9-32,5%.
AKTHBaIMIO KapOOHM3aTa MPOBOIMIN MTAPAMH BOABI C PACX0JaMH BOJBI HA Maccy
kapbonnzata 1-4:1 mpu Ttemmeparypax 750-900°C. Bpixon akTUBHPOBaHHOIO
yris coctasisieT 20,0-29,0% ot Macchl B3ATOH CMeCH COJIOMBI U Hedrerama.

OnTuManbHBIM YCJIOBHEM TOJYYEHHSI aKTHBHPOBAHHOTO YTIIS CO-TEPMO-
JM30M PHCOBOH COJIOMBI M HedTeluiama SBISETCS TeMIlepaTypa KapOOHU3aluu
500°C ¢ mpogomxurenpHOCThIO 100 MHH, akTHBanMH KapOOHHM3aTa TIPHU TEMIIe-
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patype 850°C m mipu COOTHOIICHWM Boja:kapOoHm3aT = 2:1. AmcopOrmoHHAs
AKTHUBHOCTH IIO I>'IOILy MOJIYYCHHOTO TaKuUM CHOCO6OM AKTUBUPOBAHHOI'O YIJIA
cocranisiet 94,03% (Tabnuua).

Bbixon u pU3HKO-XUMHUYECKHE TTApAMETPhI MOJYYSHHOTO aKTHBUPOBAHHOTO
VTIIS TIOKa3aHbl B TAOJIHTIE.

CO-TepMOIII/I3 pHCOBOﬁ COJIOMBI 1 He(bTeHIJIaMa

Haume-
HOBaHHUE
moKasa-
TN

PeSyJ’ILTaTBI OKCHEPUMEHTAJILHBIX I/ICCJ'ICZ[OBaHI/Iﬁ

Temnepa-
Typaxap- | 500 | 350 | 400 | 450 | 500 | 500 | 500 | 500 | 500 | 500 | 500
OOHHU3aINH,
°C

IIponomxu-
TCJIBbHOCTH
KapOOHH-
3alliM, MUH

100 | 100 | 100 | 100 | 100 | 100 50 150 | 100 | 100 | 100

Brixon
kapbonmsa-| 31,1 | 32,5 | 31,6 | 30,8 | 31,1 | 31,1 | 31,6 | 27,9 | 31,1 | 31,1 | 31,1
Ta, Mac.%

Temnepaty-
pa aKTuBa-
11K KapOo-
Huzara, °C

850 | 800 | 800 | 800 | 750 | 900 | 850 | 850 | 850 | 850 | 850

CooTtHo-
IIEHUE

BOJIa:Kap-
OoHM3aT
Brixon
AKTHUBHPO-
BaHHOTO 22,1 | 252 | 24,6 | 27,3 | 28,3 | 24,0 | 22,4 | 20,0 | 253 | 25,0 | 29,0
YIS,

mac.%

Axncopb-
IMOHHAs
aKTUBHOCTH
1o Hoxy, %

2:1 2:1 2:1 2:1 2:1 2:1 2:1 2:1 3:1 4:1 1:1

94,03 | 60,97 | 51,84 | 49,29 | 73,34 | 92,71 | 45,58 | 42,24 | 31,75 | 35,56 | 30,47

Cymmap-
HBIH 00BEM
op 1o
BOJIE, CM-/T

2,12 | 1,43 | 1,99 | 098 | 1,93 | 1,35 | 0,94 | 1,51 | 1,09 | 1,13 | 2,20

Maccosas
JIOJIst 0,06 | 0,52 | 0,85 | 0,41 | 0,58 | 1,26 | 7,20 | 0,32 | 1,68 | 1,09 | 2,33

Buaru, %

Hacpimaas
IUIOTHOCTSE, | 144,7 | 154,0 | 142,4 | 1419 | 143,2 | 168,0 | 167,3 | 149,9 | 117,7 | 124,3 | 114,9
/v’
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[

MuxkpodoTorpadust akTHUBUPOBaHHOTO YTt
MOJYYEHHOH CO-TEPMOJIM30M PHCOBOI COJIOMBI M HeTeniaMa

BeiBoasbl. Ilo pesynpTaTaM 3KCHEPHUMEHTAIBHBIX UCCIIEIOBAHUMN, IOJIYYEH-
HBIH MPOAYKT MPH COBMECTHOH MepepaboTKe PUCOBOM COJIOMBI M HeTeliamMa B
cooTHomeHusax 9:1, mpu Temneparype kapOonuzammu S500°C ¢ mpomoimku-
tenbHOCThIO 100 MuH, mpu Temneparype aktuBaiuu 850°C B COOTHOIIEHHH
BoJa:KapOoHu3ar = 2:1 (caMblii ONTUMaJIbHBIN), COOTBETCTBYET AKTUBUPOBAHHBIM
yrasim Mapka BAY-M®, BAY-A u BAY-An ('OCT 6217-74. Yrons akTUBHBIN
JIPEBECHBINA JPOOIICHBIH).

Paboma evinonnena npu noooepoicke Komumema nayxu MOH PK 3a cuem
epanmogozo unancuposanusi AP05134356.
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Pe3iome

H. O. Annasos, . M. baszapb6aes, b. M. /luaposa,
O. C. Jlvieuna, A. T. [llopazaszuesa, H. U. Axvinoexos

KYPIILI CABAHBI MEH MYHAM IIJITAMbIH CO-TEPMOJIU3JIEY APKBLIBI
BEJICEHAIPUI'EH KOMIP AJTY

Kypimr cabasbpl MEH MyHai MUIAMBIH CO-TEPMOJIH3ACY apKbLUIbI OCICCHIIPUITeH KO-
Mip any afici yehiHbIIaabl. Kypinn cabaHbl MeH MyHai HIJJaMBbIH CO-TEPMOJIHM3/IeY OMIKTIT
250 MM >xoHE IMKi auamerpi 25 MM TOTBIKIAWTHIH OOJATTaH JKacajaFaH TYTIKTI MEIITe
xyprizingi. Ilemke 9 r kypimr cabanel MeH | © MyHall NUIAMBIH KOCIIACHIH EHTI3iM,
kapOonm3anusuel 350-500°C temneparypanapaa xyprizeni. Kapoonusarter Oencenmipyai
cy OybimeH 1-4:1 katbiHacTa sxoHe 750-900°C Temmeparypanapaa >kyprizeai. AJbIHFaH
OeJceHnipiiareH KeMipIiH MUKPOKYPBUIBIMBI CKaHEPIJIEYIITl PACTPIIbI AJIEKTPOHABI MUKPO-
ckomreH 3eprrenai. Kypim cabanbl MeH MyHail NIJTaMbIH CO-TEPMOIH3ICY apKbUIbI airy-
JIBIH OHTAMIIBI JKaFAaibl: KapOoHm3anusuiay temmneparypackl S00°C y3akTeutbirsl 100 MuH,
kapboHm3arTel Oencennipy 850°C, cy:xapOoHW3aT KartbiHAchl 2:1 OONBIT TaOBLTAIEL.
OcpiHmail oficrieH anblHFaH OEJCeHIIpiNTreH KeMipAiH ifon OoMBIHIIA amcopOIHSITBIK
oencenaimiri 94,03% kypaiinsl. Ansiaran eHiM BAY-M®, BAY-A xone BAY-An mapka-
JIbI OCJICCHIIPIITEH KOMIPJIEPre COHKEC KeIe/i.

Tyiiin ce3aep: kapOoHU3aIMs, OCICEHAIPY, Kypill cabaHbl, MyHa# IJ1aMbl, OCJICEH-
JUPLUITeH KOMip.

Summary

N. O. Appazov, B. M. Bazarbayev, B. M. Diyarova,
O. S. Lygina, A. T. Shuragaziyeva, N. I. Akylbekov

OBTAINING ACTIVATED CARBON
BY CO-THERMOLYSIS OF RICE STRAW AND OIL SLUDGE

A method for producing activated carbon by co-thermolysis of rice straw and oil
sludge is proposed. Co-thermolysis of rice straw and oil sludge was carried out in a
tubular furnace made of stainless steel with a height of 250 mm and an inner diameter of
25 mm. A mixture of 9 g of rice straw and 1 g of oil sludge is placed in the oven, carbo-
nization is carried out at temperatures of 350-500°C. Activation of the carbonizate was
carried out with water vapor at ratios of 1-4:1 and at temperatures of 750-900°C. The
microstructure of the obtained activated carbon was studied by scanning electron micro-
scope. The optimal condition for the production of activated carbon by co-thermolysis
of rice straw and oil sludge is a carbonization temperature of 500°C with a duration of
100 minutes, activation of carbonization at a temperature of 850°C and a ratio of
water:carbonizate = 2:1. The iodine adsorption activity of activated carbon obtained in
this way is 94.03%. The resulting product corresponds to the activated carbons BAU-MF,
BAU-A and BAU-Ats.

Key words: carbonization, activation, rice straw, oil sludge, activated carbon.
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UDC544.33; 544.34

ZH. S AKHMETKARIMOVA!, G. SH. ZHAKSYBAEVA’,
M. G. MEYRAMOV', G. N. MUSINA?, ZH. K. BOGZHANOVA*

'Institute of organic synthesis and coal chemistry of the Republic of Kazakhstan,
Karaganda, Kazakhstan,
’Karaganda state technical university, Karaganda, Kazakhstan

OPTIMIZATION CHROMATOGRAPHY METHOD
TO IDENTIFY THE COMPOUNDS ANTHRACENE OIL
OF COKE CHEMICAL PRODUCTION

Abstract. Anthracene oil is obtained by vacuum fractionation from coal tar from
corporation "ArcelorMittal Temirtau". The product was purified from resinous compo-
nents by column chromatography. The physicochemical characteristics of anthracene oil
from corporation "ArcelorMittal Temirtau" are investigated. Using the methods CMS and
GLC analysis components of the hydrogenation products were determined . It is found
that use the catalyst of iron-containing composite the carrier of carbon allows to increase
the degree of conversion of hydrocarbon derivatives.

Key words: hydrogenation, anthracene oil, temperature, hydrogen pressure, catalyst.

Today, in many countries of the world, research and pilot works are conti-
nuing on the improvement and improvement of some indicators. These are sepa-
rate stages in the processing of solid and heavy hydrocarbon feedstock and
liquefaction products. This can significantly improve the efficiency of the method
as a whole.

In industry, anthracene oil is obtained from coal tar. Coal tar is a complex
mixture of organic compounds. The main components are aromatic hydrocarbons
and heterocyclic, sulfur, oxygen and nitrogen compounds. By chemical proper-
ties, all compounds of the resin are divided into three groups: neutral, acidic and
basic.

Anthracene oil is a fraction of a greenish-yellow color obtained during the
distillation of coal tar, boiling away within 280-360°C (up to 400°C), its density
is 1.09-1.10 g/cm?’. It is a complex mixture of high-boiling, mainly aromatic, com-
pounds, the main of which are anthracene (5% content), phenanthrene - an-
thracene isomer (20%) and carbazole (6%). When cooled anthracene oil stands
out soft mass, the main part of which is anthracene. Anthracene oil is used to
isolate anthracene, phenanthrene, to produce carbon black. Anthracene oil is one
of the best wood preservatives, so it is used for preparing sleeper impregnation
oil.

The feedstock was used coal tar received in the company of "ArselorMittal
Temirtau" selected distillation. The tar yield in the production of coke is 6-8% of
dry coal. Consequently, the released resin is very similar in structure and appea-
rance to functional groups and structural fragments with the organic mass of the
original coal.
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An analysis method has been developed for the chromatograph used, inclu-
ding the selection of a column, the testing of parameters (temperature regimes for
the injector, detector and thermostat, pressure and gas flow rates). GLC analysis
was carried out on a Crystallux 4000M chromatograph with a PID detector on a
ZB-5 30m x 0.32mm x 0.25um column. with thermostat temperature program-
ming with a temperature of 60-28°C at a temperature rise rate of 60°C/min. Data
pro-cessing was provided by the program «NetChromv. 2.1". In compiling the
data-base of component composition, we used the results of the analysis of
standard samples contained in the obtained resin fraction (tetralin, naphthalene,
diphenyl, phenanthrene, anthracene), and a similar CMS analysis The CMS study
was car-ried out on an HP 5890/5972 MSD instrument manufactured by Agilent
(USA), on a DB-5ms capillary column 30m x 0.250mm x 0.50um, in the tempera-
ture range 60-300°C. Substance identification was performed using the NIST98
mass spectral database.

To work out the GLC method for the analysis of coal tar by company
“ArcelorMittal Temirtau”, vacuum fraction was used to extract a fraction with a
boiling point of up to 2100°C/10mmHg. Tar mpurities greatly interfere with the
analysis. Since they are deposited in the chromatograph injector and in a capillary
column, in which the analyzed object is divided into separate components.
Therefore, part of the obtained fraction was purified by the method of column
chromatography on silica gel of the brand KSMG/0.15-0.3mm., eluent benzene-
hexane 3:1. The resulting solution is evaporated under reduced pressure on a
rotary evaporator to the required concentration. Optimal conditions have been
established for this object by selection, under which the mixture is divided into
individual components (figure 1) on the Crystallux 4000M chromatograph.

It is known that phenols and polyaromatic compounds are present in the
sample. Therefore, mixed samples of the starting product with available phenol,

Figure 1 — Chromatogram of coal tar fraction (GLC analysis)
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naphthalene derivatives, hydrogenated and individual polyaromatic hydrocarbons
were prepared and analyzed. As a result, the main part of the composition of the
fraction was determined.

The remaining components were determined using chromato-mass spectro-
metric analysis in close temperature and gas parameters on a DB-5ms column, an
analogue of ZB-5 (figure 2) of the instrument HP 5890/5972 "Agilent".

Abundance
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Figure 2 — Chromatogram of coal tar fraction (CMS analysis)

The study found that coal tar from company "ArcelorMittal Temirtau" is
polyazeotropic-polyutectic system. Its composition contains resinous substances
and pitch (up to 50%). The physicochemical characteristics of anthracene oil of
company “ArcelorMittal Temirtau” were studied.

The study of the analysis results allowed to determine that the individual che-
mical composition of the anthracene fraction of coal tar consists of naphthalene
and naphthalene derivatives, polyaromatic hydrocarbons (figures 3, 4).
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Figure 4 — Diagram of the main components
of the hydrogenated oil fraction of anthracene oil

During the GLC analysis of the anthracene fraction of coal tar, the compo-
nent composition was set: phenanthrene 9.77%, anthracene 1.54%, naphthalene
derivatives > 50%, aromatics > 3%, phenol derivatives> 1%, biphenyline < 6%.
The composition of the object under investigation is presented in table.

Mass component identified components is nearly 92% of the total weight of
the tar. Unidentified compounds, which account for 8% of the total mass, are of
no practical interest at this stage, since each of them accounts for less than 0.01%.
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Component composition of the anthracene oil fraction

Component Time, min Concentration, %
phenol 8,84 0,42
indan 10,55 0,26
inden 10,78 3,02
naphthalene 14,12 46,58
2-benzothiophene 14,29 0,67
1 methylnaphthalene 16,41 5,07
2-methylnaphthalene 16,74 1,95
diphenyl 17,95 1,67
2-Etenylnaphthalene 19,05 0,30
biphenylene 19,57 5,44
acenaften 20,18 1,25
dibenzofuran 20,77 428
fluoren 22,08 5,35
dihydrofenanthrene 23,91 0,20
tetrahydrofenanthrene 25,04 0,58
phenanthrene 25,57 9,77
anthracene 25,65 1,54
fluoranthene 31,40 2,29
pyrene 33,01 0,92
Total 91,77

Thus, the following main components are present in the high-boiling an-
thracene fraction of coal tar with a content of 1% and higher: acenaphthene,
biphenylene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene. The first
three components are concentrated in the absorption fraction and have a signi-
ficant effect on the formation temperature. When changing the place of selection
in the direction of decreasing temperature, the quality of the absorption oil will
improve due to the relative increase in the content of methylnaphthalenes. The
intermediate fraction 270-310°C, in which acenaphten, diphenylene and fluoren is
concentrated, can be used as raw material for further processing to individual
products.

Financing source of research was performed in the framework of the
program-target research (NeBR05236438) with the financial support of the
Committee of science of the ministry of education and science of the Republic of
Kazakhstan.
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Pe3zrome

K. C. Axmemxapimosa, I'. 1. JKaxcvibaesa,
M. F. Meupamos, I'. H. Mycuna, 7K. K. Bozxcanosa

KOKCOXUMMS ©OHIPICIHIE AHTPALIEH MAMBIHBIH
KOMITIOHEHTTIK K¥PAMbBIH AHBIKTAYIA
XPOMATOI'PAGHUAJIBIK O AICTEMEHI OHTAUJIAHABIPY

«ApcenopMuramn Temipray» AK Tac kemip maipIpeIHaH BaKyyMABI 06y apKbLUIBI
aHTpaIleH Maiibl anbHABL. OHIMIOI MIAHBIPIBI 3aTTaplaH Ta3zapTy OaraHAIBI XpOMarto-
rpadusmer xyprizingi. «ApcemopMurann Temipray» AK anTparneH MalbIHBIH (pH3HKO-
XUMHSJIBIK KOPCETKIIITEPIi 3epTTEIHII.

I'CX men XMC onicremenepiMeH THApICY OHIMIHIH KOMIIOHEHTTI Kypambl JIofeK-
teHni. TeMipKypamibl KOMIO3UTTI KaTajlu3aToOp/bl MaijanaHy KeMipcyTeri TybIHIaphbl-
HBIH KOHBEPCHSI I9PEXKECIHIH JKOFapiayblHa MYMKIH/AIK OepeTiHi aHBIKTaJIbI.

Tyiiin ce3mep: rumporeHM3aiys, aHTpaleH Maibl,TeMIlepaTypa, CyTeri KbICHIMBI,
KaTalau3aTop.

Pe3iome

K. C. Axmemkapumosa, I'. ILI. JKaxcvibaesa,
M. I'. Meupamos, I'. H. Mycuna, K. K. bozacanosa

OIITUMU3ALIA XPOMATOTPAGUYECKOI'O METOJA
NAEHTUOUKALIMM KOMITOHEHTHOI'O COCTABA
AHTPAITEHOBOI'O MACJIA KOKCOXMMHNYECKOI'O ITPOM3BOACTBA

BakyyMHBIM (pakunOHMpOBaHHEM W3 KaMEHHOYrosibHOM cmonel AO  «Apce-
snopMurran TemupTay» NOIY4eHO aHTpaLEHOBOE Macio. [IpoBeneHa ouncTKa MpOAyKTa
OT CMOJHCTBIX KOMIIOHEHTOB KOJIOHOYHOHM Xpomarorpadueil. MccnemoBansl ¢usnko-
XUMHYECKHE XapaKTEpUCTUKU aHTpaneHoBoro maciaa AO «ApcenopMurran Temupray».

Metogamu XMC u KX ananmza ycTaHOBIIEH KOMIIOHEHTHBIH COCTaB MPOIYKTOB
THIPUPOBAHUS. Y CTAHOBIICHO, YTO MPUMEHEHHUE JKEJIE30COAEPIKAINX KOMIIO3UTHBIX KaTa-
JIM3aTOPOB HA YIJIEPOJHOM HOCHTEJIE MO3BOJISIET MOBBICUTH CTETIEHh KOHBEPCHU YTIIEBO-
JOPOJHBIX POU3BOTHBIX.

KaroueBble cjioBa: ruaporeHn3alys, aHTPalieHOBOE Macllo, TeMIIepaTypa, JaBJIcHUE
BOJIOPO/Ia, KaTalu3aTop.
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E. E. EPTOXKHH', b. K. KAJTUEBA', K. M. KAJIMYPATOBA',
K. A. CAIIPIKOB', b. E. FETEHOBA’

A0 «MHCcTUTYT XMMHYeckux Hayk uM. A.b.bekrypoBay, Anmatsel, Peciyonuka Kazaxcras,
ZCCBepO-KaSaXCTaHCKHﬁ rOoCyIapCTBeHHBIH yHUBEepcUTeT M. M. Ko3bi0aeBa,
IlerponaBnosck, Pecrrybnuka Kazaxcran

W3BJEYEHUE NOHOB Co** CYJIb®OKATUOHUTAMU
HA OCHOBE PACTHUTEJIBHOI'O CBIPbA
U IVIMOUINIMETAKPUJIATA

Aunoranus. Vccnenosana cop6uus oo Co”" HOBEIMHU Cy/b()OKATHOHHTAMH HA
OCHOBE PACTHUTEIHHOTO CHIPhs C MINIMIMIMETAKPUIATOM M MPOMBIIUICHHEIM 00pa3ioM
nornooomenHnka KY-2x8 u3 pactsopos CoSOy,.

KaroueBsbie cioBa: copOIys, KATHOHUTHI, HOHHBII OOMEH, PACTHTEIBHOE CHIPBE.

VYBennueHne macmTaboB MPOMBIIUICHHOW NEATENbHOCTH YelIOBeKa OTpH-
LATENIBHO CKa3bIBAETCS Ha OKpYyXkaroliel cpere. MHOTHE TsKesble METallbl, B
TOM YHUCJIE U KOOaJbT, MPOSBISIOT BBICOKYIO TOKCHYHOCTH HaX€ B CIIEIOBBIX
KOJIMYECTBAX W CIIOCOOHBI KOHIICHTPHUPOBATHCS B KHUBBIX opranmsmax [1]. B
OTJIMYHE OT OPraHHYECKHX COEAWHEHHi, MOJBEPraloLIUXCs IpoleccaM pasiio-
KEHMSI, METAJIJIbl JIMIIb TEePepacpeieNstoTCsl MEXAY NPUPOIHBIMU CpeAaMH U
MIOCTETIEHHO HAKAIUIMBAIOTCA B HUX. EXKeromHblil 3axBaT KoOanbTa pPacTHUTENb-
HOCTBIO cymm cocTasiser 1-10™* % cyxoii Maccrl [2]. Ero mocrymenue B okpy-
JKAIOMIYI0 Cpeny, Hampumep, TOJIBKO B pe3ylbTaTe CKWUTAHAA YXKe HMEeT
CIeNyIONTyI0 auHamMuKy, Teic.T.: 1900 r. — 1,0; 1970 r. — 2,6; 1980 r. — 5,5;
2000 r. — 8,7. [loaTroMy HEOOXOAUMO TMPOBEICHHUE ATBHEHIINX WCCIICIOBAHUN
10 pa3pabOTKH HOBBIX METO/IOB OYMCTKH OT HOHOB KoOanbTa. B CBA3M C 3TUM ak-
TyaJbHOM MPOOJIEMOH SIBISIETCS] CO3/IaHKE JICIIEBBIX HOHOOOMEHHBIX MaTepHaioB
Ha OCHOBE JIOCTYMHBIX PEareHToB [3, 4].

[IpencraBnser uHTEpEC N3yUyeHHE COPOLIMOHHBIX CBOICTB CHHTE3MPOBAaHHBIX
HaMHU CyJIb(pHpOBaHHEM BO300HOBISIEMOTO MEJUTIOI030COAEPKAIIETO CBHIPhS —
xuionka (X), mmennanoi conomsel (C) u kameima (K) cepHoli KUCIOTOH U mocIe-
Oyloumed XUMHYecKOH Moau(HKanued IOJyYeHHBIX IPOAYKTOB TIJIMLUANI-
metakpunatom ([MA).

Lens paGoTel — mccrnenoBanue copbuuu HoHoB Co’' HOBBIME Cynb(oKa-
TUOHHUTaMH Ha OCHOBE PaCTHTEIBHOIO ChIphbs 1 [MA.

OKCIIEPUMEHTAJIBHAA YACTb

Cratnueckas oomeHHast eMkocTh 1o 0,1 H. pactBopy NaOH cynbdoknciprx
katnoHUTOB KC-I'MA-X, KC-I'MA-C u KC-I'MA-K cocraBisieT COOTBETCTBEHHO
5,8; 6,6 u 6,1 Mr-dKB/T.

Cop6umto nouoB Co>" m3 pacrBopoB CoSO, xarnmonutamu B H'-dopme
HU3ydald B CTaTHYECKUX YCIOBHMSAX INPH KOMHATHOW Temmeparype 20+2°C,
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BapbHUpYs MPOIOIDKUTEIHLHOCTE U3BJICUEHHS OT 5 4 10 7 cyT, pH pactBopos ot 1,3
1o 5,7 u conepxanue B HUX kobanmbTa oT 23 1o 101 Mr/n. OOMEHHYI0 eMKOCTh
paccUMTHIBAIM MO PAa3HOCTH MCXOJHON M PaBHOBECHOW KOHLEHTPALUU pPacTBO-
POB, KOTOPYIO OIPEIEIISUIN METOIOM aTOMHOH aacopOrmu.

PE3VJIbTATBI U UX OBCYXXJIEHUE

C uensio BEIGOpa MOHHTA, HAHOOIIEe CeNeKTUBHOro K HoHaM Co°', H3ydeHs!
COpOIIMOHHBIE CBOWCTBA CHHTE3WPOBAHHBIX HA OCHOBE PACTUTEIBHOTO CBHIPbS U
I'MA cynb(hOKaTHOHUTOB B 3aBUCHMOCTH OT KOHLEHTpauud u pH pacTBOpOB
CoSO0y, a Takxke MPOJOIHKUTENBHOCTH Tiporiecca (pucynku 1-3). s cpaBHEHUS
OBUI B3ST TaKKe MPOMBIIUIEHHBIH CHIIBHOKUCIOTHBINA cynbhokatnonnt KVY-2x8
CO CPE/IHEM CTENEHbIO CITUBKHU.
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Pucynox 1 — M3otepma cop6umst nornos Co" cynpdokaruonuramu KC-TMA-X (1),
KV¥-2x8 (2), KC-I'MA-K (3) u KC-I'MA-C (4). [IponomxuTeabHOCThb 7 CyT.

Kak nokaszano Ha pucyHke 1, yBennueHHe cojepiaHHus KoOanbTa B MCXO-
HBIX pacTBOpax NPHBOAMT K Bo3pacTaHuio copOumoHHOH emkoctu (CE) Bcex
noHuTOB. OTHAKO 00JIEe BRICOKYIO M3BJICKAIONIYIO CIIOCOOHOCTE TIPOSIBIISIET CYITh-
(dokaTnoHUT, Noy4eHHbIH 13 nmmeHndHoi conomel (CE = 40,34 mr/r). Emkxocth
JIPYTUX KaTHOHUTOB Hrbke U coctapisieT mist KY-2*8, KC-I'MA-K u KC-I'MA-X
coorBeTcTtBeHHO 30,4; 28,4 u 21,87 mr/r. Bennuuna CE aHMOHMTOB Ha OCHOBE
I'MA u pasnmuHbIX nonmamuHOB mo monam Co’’ koneGmercs B mpenenax 1,3-
3,2 Mr-KkB/T, a OOMEHHasi EMKOCTb IMOJIMDIIEKTPOINTa, TonyyeHHoro u3 'MA u
TIOJTH-2-MeTHII-5-BUHIITUPHNHA, He npeBbimaet 25mr/r Co [5].

OpmHAM U3 OCHOBHBIX (DaKTOPOB, OMPEACISIONINX PEAKIIMd HOHHOTO OOMeHa
MEXIy MOHAMH MeTajia U copOeHTOM, siBisieTcs 3Hauenue pH pactBopa. U3
3aBucumoctell CE cynb(OKaTHOHUTOB OT KHCIOTHOCTH Cpellbl (DUCYHOK 2).

YcraHOoBIEHO uTO Gollee MmojHOe morouieHus nonoB Co’ HaGoaaeTcs Ipu
pH 5,7, a npu pH=1,3 npoucxXoauT CHMXEHUE WX H3BJICKAIOUICH CIIOCOOHOCTH.
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PrcyHoK 2 — 3aBrcnMocTs copbiin HoroB Co’™ cynbhoratiornTamn KC-TMA-X (1), KY-2*8 (2),
KC-I'MA-K (3) u KC-I'MA-C (4) ot kucinotHoctH cpensl (7 cyT, Ce,=101 mr/m)

2
Katnonut KY-2x8 >¢pdexturo n3pnexaer noust Co” npu 1,3-5,7, a cymbhoxa-
TUOHUTHI Ha OCHOBE PACTHUTEIBHOTIO ChIphsi 1 [ MA — B Gosee y3koM HHTEpBaJIe
pH 3,4-5,7.
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Pucysok 3 — 3aBucuMocts copouun nouoB Co”’ cymphorarnornramu KC-TMA-X (1),
KVY-2x8 (2), KC-I'MA-K (3) u KC-I'MA-C (4) OT IpOAOIDKUTENFHOCTH UX KOHTaKTa
¢ pactBopom CoSO, (pH=5,7, Cce= 101 mr/m)

W3 pucynka 3 BuIHO, 4TO BCE CYIh(POKATHOHHUTHI OOJNANAIOT BBICOKUMHU
KUHETHYECKIMHU CBOMCTBAMH B HAYaJdbHBIA MEepHON cOpOImu. PaBHOBECHOE CO-
crositare Mexny pactBopoM CoSQy, comepkamum 101 mr/m xobanbTa U UMEIO-
uuM pH 5,7, u xatnonutamu KVY-2x8 u KC-I'MA-X ycranaBnuBaetcs 3a 1 4, a
noautamMu KC-I'MA-C n KC-I'MA-K 3a 3 4. JIns DOCTHKCHHSI paBHOBECHUS HA
AKTUBUPOBAHHOM YTJICPOJHOM BOJIOKHE TpeOyercsi OoJiee JUIUTENBHOE BpEMs
koHTakTa — 1,5 cyt [1].

Takum oOpa3om, cynb()OKaTHOHHUTHI Ha OCHOBE PACTUTEIBHOTO CBIPhS U
I'MA o006manatoT BHICOKUMHU COPOITMOHHBIMA M KHHETHYCCKUMHU CBOMCTBAMHU TIO
oTHOMmeHHo K noHam Co”".
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Oco00eHHO TIEPCIIEKTUBHBIM TSI WX W3BJICUCHUS W3 Co’" cTouHBIX BOJ] HU-
KeJlb — KOOaJIbTOBOTO TMPOU3BOJICTBA SBISETCS KATHOHOOOMEHHHK, CHHTE3HPO-
BaHHBIN U3 MIIEHUYHON COJIOMEIL.
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E. E. Epzooiwcun, B. K. Kanuesa, K. M. Karmypamosa, K. A. Caovikos, b. E. becenosa

OCIMJIK IIMNKI3ATHI MEH I'NNTUININJIMETAKPUIIAT HETT3IHAET'T
AJIBIHFAH CYJIb@OKATHUOHUTTEPMEH Co** MIOHJIAPBIH BOJIIIT AJTY

OciMIIK MUKi3aThl MEH TIAIUAMIMETAKPUIAT HETI31HE aubIHFaH jkKaHa CyJIb(oKa-
THOHUTTEPIIIH Co*" MOHBIHBIK CoSO, epiTiHIiciHIETI COPOUUSACH 3ePTTEII, CABICTHIP-
MaJtbl Type HOHAIMACTHIPFII KY-2X8 eHepKaCiNTiK YTiCi aIbIH/IBL.

Tyiiin ce3nep: copOIMs, KATHOHUTTED, MOH aIMacy, TAOUFH MINKi3arT.

Summary
E. E. Ergozhin, B. K. Kalieva, K. M. Kalmuratova, K. A. Sadykov, B. E. Begenova

EXTRACTION OF Co*" IONS BY SULFOCATIONIONITES BASED ON
VEGETABLE RAW MATERIALS AND GLYCIDYLMETHACRYLATE

Sorption of Co*" ions by new sulfocationionites based on plant materials with gly-
cidyl methacrylate and an industrial sample of KU-2x8 ion exchanger from CoSO,
solutions was studied.

Key words: sorption, cation exchangers, ion exchange, plant materials.
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"GREEN" DIRECTIONS
MICROWAVE EXTRACTION
IN CHEMISTRY OF NATURAL COMPOUNDS
2-nd Report: Environmental factors of microwave extraction

Abstract. The last decade marked by intensive use of microwave radiation for sol-
ving various problems of analytical chemistry, which one of the directions is extraction.
At present, microwave extraction (microwave-assisted extraction (MAE)) has been taking
the position of one of the most effective methods for the isolation of natural and
biologically active compounds. The current trend of its development is the development
and implementation of innovative approaches to the extraction of biologically active
substances that comply the principles of "green chemistry". Factors affecting the environ-
mental friendliness of microwave extraction include those associated with hazardous
reagents, the amount of waste, safety, energy consumed and environmental impact.

Keywords: natural compounds, microwave extraction, environmental factors.

Introduction. Since the first useing of microwave process in chemistry,
when in 1975 Adu-Samra et al. [1] it used for the laboratory analysis of trace
amounts of metals in biological media the microwave chemistry has leaped
forward. Microwave radiation has found practical use in sample preparation [2,
3], for extraction [4-8], drying plant objects [9], thermal decomposition of plant
biomass [10], in particular hydrolysis of plant biomass in order to produce biofuel
(bioethanol), and also for enzymatic [11] and acid hydrolysis [12, 13], wood
pyrolysis [14], delignification, such as rice husk [15] and beech wood [16]. After
appearance of the first works of using microwave radiation in organic synthesis,
in 1986 [17, 18], the intensive studies of microwave processing on the course of
chemical reactions and chemical modification of plant materials were initiated.

At present, microwave extraction (microwave-assisted extraction (MAE))
has been taking the position of one of the most effective methods for the isolation
of natural compounds. The trend of its development is to develop and implemen-
tation of innovative approaches in accordance with the principles of "green
chemistry” [19,20]. One of its areas of development is the reduction or abandon-
ment of the use of hazardous and toxic chemicals, the use of cleaner and less
polluting processes, the prevention of pollution in the initial stages of process
planning and the responsibility for the products produced [21, 22].

DISCUSSION

1. Environmental factors of microwave-assisted extraction. Assessing
the friendliness of microwave extraction to the "green" factors affecting the
environmental friendliness of MAE should be attributed to those associated with
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Figure 1 — Environmental factors of microwave-assisted extraction

hazardous chemicals (solvents and auxiliary chemicals), the amount of waste,
safety, energy consumption and environmental impact (figure 1).

Most of the research to find more “green” methods of MAE, aimed at ma-
king chemical processes more environmentally friendly, emphasize the need to
use safer, less toxic and more benign solvents, or the elimination of solvents, as
well as reducing the use of reagents and auxiliaries. Other actions include redu-
cing energy consumption through the use of milder conditions, preference for
substrates based on renewable sources.

2. Environmentally friendly solvents and auxiliary chemicals. One of the
main environmental problems in analytical chemistry is the need to use solvents.
Since the application of methods without solvents [23] is not always possible,
solvents should be selected taking into account environmental requirements.

Currently, there are several guidelines developed by pharmaceutical com-
panies on the choice of solvents [24-26], which can provide some tips for optimi-
zation techniques from the point of view of solvents. The key provisions adopted
in these guidelines are based on environmental, health and safety criteria. The
result of the assessment is the categorization of the solvent as “recommended”,
“recommended or problematic?”, “Problem”, “problematic or dangerous?”, “Dan-
gerous” and “highly dangerous”. Usually the “recommended” solvents are water,
alcohols and some esters. Hazardous or very dangerous hydrocarbons, chlorinated
solvents and some esters. There are some ways to combine them into one direc-
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tory and include “less common” solvents [27]. The advantage of using these
solvent selection guides is that it is easy to interpret the result of the evaluation.
The main disadvantage is that these results are available for a limited amount of
solvents. For example, in the publication Prat D. with co-authors [27] a selection
guide of common solvents has been elaborated, based on a survey of publically
available solvent selection guides. In order to rank less classical solvents, a set of
Safety, Health and Environment criteria is proposed, aligned with the Global
Harmonized System (GHS) and European regulations. A methodology based on a
simple combination of these criteria gives an overall preliminary ranking of any
solvent. This enables in particular a simplified greenness evaluation of bio-
derived solvents.

Another solvent-based approach is based on cluster analysis [28], which
grouped 151 solvents into three clusters according to their similarity in properties.
The first and least green cluster consists of "non-polar and volatile" solvents, the
second cluster is intermediate from the point of view of "greenness" - these are
non-polar and non-volatile solvents and the third, consisting of more "green"
polar solvents. Unlike other solvent selection guides, this is the most flexible
manual because it allows the user to select solvents for analysis, evaluation
criteria, and their relative importance.

For example, inpublications [27, 29-32] discussed the environmental cha-
racteristics of the solvents used, and in tablel summarizes the "greenness" of the
solvents used in analytical applications.

Table 1 — The scheme showing greenness of solvents commonly
used in analytical chemistry [28, 33]

Green Zone

Water
Ethanol Methanol Propanol  Bytanol
Acetone
Ethyl acetate
Methyl acetate Isopropanol
Acetic acid
Cyclohexane Heptane
Xylenes Limonene
Acetonitrile Pentane  _  ene  Pinene

Methyl tert butyl ether

Carbon disulphide Benzene

Chlorinated solvents

Red Zone
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Traditionally used solvents for extraction, including extraction by the Soxhlet
apparatus, include ethanol, methanol, acetone, hexane, dichloromethane,
tetrahydrofuran, acetonitrile, xylene, toluene, chloroform, toluene, ethyl acetate,
diethyl acetate, benzene, and their mixtures in different proportions. The choice of
solvent for MAE depends on the solubility of the analyzed analyte, the interaction
of the solvent and the plant matrix and the microwave absorbing properties of the
solvent. Accordingly, the solvent must have a high selectivity, eliminating the
extraction of undesirable components. The key role in microwave extraction is
played by the dielectric properties of the solvent, since both the efficiency and
selectivity of MAE strongly depend on the dielectric constant of the extracting
solvent or its mixture [3-5, 34]. As a rule, when MAE in most cases, solvents or
solvent mixtures are used with good heating efficiency under the action of
microwaves (with a high tan 6 value). For MAE, the use of water is described, for
example, for the extraction of phenolic compounds and flavanoids from the leaves
of Pistacia lentiscus var. [35], alkaloids (corilagin, geraniin) from G. Sibiricum
Linne [36]], alcohols, esters, fatty acids and ketones from

Vernonia amygdalina leaves [37], as well as aqueous organic solvents. In
particular, acetone, ethanol and methanol and their aqueous-organic systems are
more often used for extraction than the corresponding monocomponent solvent
systems. Thus, the use of aqueous methanol is described for the extraction of
phenolic acids, anthocyanins, coumarins, alkaloids, aqueous ethanol is used for
the extraction of phenolic compounds, flavonoids, anthraquinones, coumarins,
saponins, alkaloids, genepoidic and chlorogenic acids, fatty acids, diterpenes,
catechins. The efficiency of extraction is also influenced by the percentage ratio
of alcohol-water of the extracted solvent mixture [5, 38, 39].

Solvent toxicity is also evaluated when choosing a suitable solvent for MAE.
When extracting oleanolic acid from Gymnema sylvestre, ethanol is not toxic, so
it was chosen in favor of n-butanol, despite the fact that using the latter has a
higher yield [40]. In general, ethanol is by far the most used solvent and a good
microwave absorber, which is suitable for extracting many active compounds
from plants [41].

In the case of using the NEMI pictogram in assessing the environmental
friendliness of the MAE, it is necessary to take into account the requirements that
none of the chemicals are on the list of persistent, bioaccumulative and toxic
chemicals and that none of the chemicals are listed in the applicable procedure in
the D, F, P or U hazardous waste lists (Resource Conservation and Recovery Act
(RCRAY)) (https://www.epa.gov/).

In MAE natural compounds, it is also possible to use acids and bases as
various auxiliary chemicals. In addition to water and water-organic mixtures,
acidic water or water-alcohol mixtures are used in MAE [42, 43]. So, for the
separation of phenolic compounds from Dactylis glomerata, Festuca rubra L.,
Festuca ovina L., Bromus inermis and Bromus marginatus, Hypericum perfo-
ratum, Thymus vulgaris L., Tilia cordata, Uncaria tomentosa used an aqueous
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solution of HCI (2 mol/l HCI) [42], for the extraction of anthocyanins from Purple
corn (Zea mays L.) used a mixture of 15 M HCIL:95% ethanol in a ratio of 15:85
[43], and for phenolic compounds from the peel of grapes - a mixture of ethanol —
water 50:50 (v/v) with 0.8% (v/v) HCI [44], 140 ml of water at pH 5 (adjusted
with citric acid) with Enzyme concentration of 1.82% v/v [45] were used to
extract the oil from Isatis indigotica seeds using the MAAEE method (Microwave
assisted aqueous enzymatic extraction).

Also at MAE, it is possible to use solutions of alkalis and ammonia. In the
article [46], described using the hexane:ethanol (1:3) as solvent mixture with
0.05 mol/L of NaOH solvent for extraction of Solanesol from tobacco leaves. The
authors of study [47] used 50-60% ethanol with 1-2 % ammonia solution to
extract glycyrrhizic acid from licorice root. The results of the assessment of the
"greenness" of some acids and bases used in analytical chemistry are presented in
table 2.

Table 2 — Greenness of acids and bases used in analytical chemistry.
Based on the GSK selection guide [33, 48].

Green Zone

Hydrochloric acid Carbonates & biocarbonates
Hydrobromic acid Potassium & sodium acetates
Acetic acid Sodium hydroxide
Phosphoric acid, diluted Potassium hydroxide

Silfuric acid, diluted
Benzonic acid .
Sulfuric acid Pyridine

Phosphoric acid Ammonia

Formic acid Triethylamine
‘ Sodium amide
Perchloric acid Dicyclohexylamine
Nitric acid

Imidazole

Red Zone

When assessing environmental friendliness using the NEMI pictogram, the
third requirement is that the pH of the sample is in the range of 2—-12 to avoid
severe corrosion during the entire analytical process, therefore this factor of
“greenness” of the auxiliary chemicals used should also be considered.

Most of the solvents used are included in the lists of hazardous or toxic
wastes (Toxic Release Inventory (TRI) and Resource Conservation and Recovery
Act (RCRAs) F, K, P, and U lists. (Https://www.epa.gov) for which good disposal
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methods are needed. For most of the solvents included in the analysis, distillation
is useful. Spent solvents widely used in analytical chemistry, such as acetonitrile,
tetrahydrofuran, acetone, acetic acid, cyclohexane or toluene, must be distilled.
Wastes resulting from methanol use, uh tanol, pentane, hexane or heptane, should
be processed by incineration [28].

One of the MAE options is Solvent-free microwave extraction. In SFME
procedures, water or other reagents are not added as extractants. SFME is based
on the fact that water naturally contained in plant cells, heats up under the action
of microwaves, and thus, direct internal change leads to an increase in pressure
inside the plant cells, causes heat to be transferred from the inside of the plant
cell, causing the cell to expand and break down. walls, which ultimately causes
the release of target analytes. Another focus is the use of green solvents, such as
water, ILs, DESs, and SUPRASSs.

3. Amount of waste. From the point of view of analytical chemistry, the
amount of waste depends on the amount of reagents used. The amount of solvent
used and the characteristics of the plant matrix are critical to the effectiveness of
MAE. The volume of solvent must be sufficient to ensure that the plant matrix is
completely immersed in the solvent during the entire extraction time. In most
cases, a higher ratio of solvent volume to solid matrix may be effective with
conventional extraction methods, however, with MAE, a higher ratio may result
in lower sample recovery, which may be due to inadequate mixing of the solvent
using microwaves.

Such characteristics of the matrix as the size of the sample particles and the
state in which it is presented for the MAE can have a tremendous effect on the
extraction of compounds. Fine powders can increase the extraction process,
providing a large surface area, which provides better contact with the solvent, as
well as more allow for improved or significantly used. As a rule, studies provide
data on the size of extractable particles of the plant matrix and/or the liquid/solid
ratio.

If we consider the data presented in [39] on average, the ratio of liquid/solid
is in the range from 10 ml/g to 20-25 ml/g. However, depending on the raw ma-
terial used and the MAE method, this ratio may vary and in analytical procedures
the volume of solvent used may be from 5 to 140 ml [49]. The typical volume
used is in the range of 5-50 ml, at which about 50 g of waste is generated, which
is consistent with the fourth requirement in assessing the environmental
performance of the NEMI profile (www.nemi.gov/), which is that less than 50
grams of waste.

4. Energy consumption. Energy is a complex parameter that needs to be
assessed. It is included in the Rayne and Driver [50] profile and Eco-scale by
Aken K.V., Strekowski L., Patiny L. [S51]. Energy costs are among the Penalty
points in Eco-Scale and are estimated as the energy consumption per sample (as
kWh) (table 3).
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Table 3 — Penalty points applied for the calculation of final analytical Eco-Scale score [52]

Sub-Total Panalty Points Total Panalty Points
Instruments
< 0.1 kWh per sample 0
Enerey < 1.5 kWh per sample 1
> 1.5 kWh per sample 2

The values of the Panalty Points indicator are calculated based on the data in
the table from 0.1 to 1.5 kWh in order of increasing penalties and decreasing
“greenness”. Analysis of the literature data showed that most of the presented
research works on the MAE extraction did not provide data on energy costs. As
an example, one can cite the data on solvent-free microwave extraction (MAF)
extraction with MAE [53-55]. This method of extraction is specifically designed
to obtain essential oils from plant material [55]. The main advantage of this
method is that it includes a shorter extraction time and low energy consumption.
In addition, the yield of essential oil and its composition are maintained near the
control values obtained by the classical method of hydrodistillation (HD). The
temperature of the material does not exceed 100 °C, and the forced evaporation of
water has two main effects: the dehydrating effect due to evaporation and the
change in the strength of cell walls, which contributes to their destruction [53].
Water as a solvent is particularly interesting in the extraction of tea polyphenols,
since it is directly related to the procedure for consuming tea infusions [56].
Comparison of indicators with conventional water extraction and MAE for the
extraction of polyphenols, and it was shown that the extraction time was reduced
from 45 to 15 minutes, and the energy consumption, in the case of MAE, was
3 times smaller.

In a paper [57] describes the use of the organic acid extracting system
(PMAE). Extraction of active ingredients from Rosemary (Rosmarinus officina-
lis L.) using the PMAE method (30 g of raw materials, extraction time 15 minu-
tes, power - 100 W, at atmospheric pressure) and hydrodistillation (500 g of 3 h in
a conventional apparatus (until no more essential was obtained) showed that these
methods were respectively 2 kW h for HD, and 0.1 kW h for PMAE.

Some examples found in the literature show an estimated energy con-
sumption of about 0.75-2.5 kWh for conventional extraction, 0.75-2 kWh for
hydrodistillation (HD), and 0.04+0.25 kWh for SFME, water extraction (micro-
wave-assisted water extraction (MWE) and microwave-assisted aqueous
extraction (MAAE)) [5,53,56,57].

Energy is associated with time. Extraction time is another factor whose
influence must be taken into account. The long process of extraction requires
additional energy costs. Optimization of the extraction time is an important factor
in the efficiency of the process, since the extraction time can vary depending on
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the part of the plant used and the type of microwave extraction. The dielectric
properties of the solvent also affect the exposure time. Solvents such as ethanol,
methanol and water can be very hot with longer exposure, thereby increasing the
risk of destruction of the thermolabile components.

Thus, it was shown in [39] that the extraction time varies from 15 sec to
60 min, but on average, 10-20 min is sufficient for extraction. For example, it
took 60 min to extract the active ingredients from Pistacia lentiscus var. [35],
silymarin from Silybum marianum L. [58] or phenolic compounds from Quercus
robur L. [59], and in a number of studies, good results were obtained in 15-90 sec
[60-67], for example, 30-40 sec it was sufficient to extract phenolic compounds
from peanut peel [61], genepozidnoe and chlorogenic acids [64], oleic, linoleic
and palmitic acids and steroids from Rodgers aesculifolia Batal [65], 49-60 sec to
extract phenolic acids from mandarin peel [60 ], pinostorobin from leaves of
Pigeonpea (Cajanus cajan (L.) Millsp.) [62], polyphenols from Pistacia lentiscus
L. [66], flavonoids from Terminalia chebula Retz [67], 90 sec to extract alkaloids
from Stephania sinica [63].

As a rule, the time used for MAE is much lower than in the traditionally used
methods of extraction. Microwave heating has a completely different nature than
convection and its important advantages include: heating occurs throughout the
volume of the material, and the thermal conductivity of the material does not
matter; the change in temperature of the material being heated occurs without
inertia in accordance with the change in input power; the possibility of dynamic
temperature control during the experiment; the ability to quickly raise the tem-
perature of the material to the specified values; the absence of a heat transfer
agent eliminates the possibility of sticking to the material.

An analysis of the SFME method, presented in [53], showed that the SFME
requires only a few minutes of heating and less than 30 min. extracts from the
same material. The SFME needs less than 0.5 kWh.

Most of the data on the comparative analysis of traditional methods of ex-
traction and MAE confirms that the MAE method consumes significantly less
energy than traditional approaches.

5. Environmental impact. Another factor affecting the environmental
friendliness of microwave extraction is its environmental impact. As an indicator,
a number of studies provide data on the amount of CO,.

The amount of CO, released into the atmosphere can be calculated on the
assumption that 800 g of CO, is released into the atmosphere to produce 1 kWh as
a result of burning fossil coal or fuel [56].

There are several publications that evaluate this factor [53, 56, 57]. Regar-
ding environmental impact, in [53] it was shown that it was (3600 g CO,/g of
essential oil) than for SFME (200 g CO,/g of essential oil). The article [57]
reports that the amount of carbon dioxide emitted into the atmosphere during
rosemary extraction is significantly higher with conventional distillation (1600 g)
than with the use of portable microwave assisted extraction apparatus (PMAE)
(80 g).
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Thus, from the available data it can be concluded that CO, emissions for
hydrodistillation are on average 1600-3600 g [53, 57], 600 g CO, for conventional
water production [56], 200 g CO, for the MWE method [56] and 80 g CO, using
PMAE [57] was released into the atmosphere.

6. Safety. The initial use of household appliances or their modified systems
for microwave extraction was associated with a number of factors affecting
safety. So, when using a “closed” system, the pairs formed during acidic micro-
wave processing are contained inside the vessel, and high pressure inside the
vessel reduces the safety of the process and creates the risk of an explosion, the
procedure eliminates the addition of reagents or solvents during operation, and the
working vessel must be cooled to its opening to avoid loss of volatile compo-
nents. In addition, when using microwave energy, there are requirements for the
materials used that can withstand high temperatures. An “open” system operating
at atmospheric pressure, in contrast to a “closed” system, reduces some of the
security problems, since it operates under milder conditions and is considered
more suitable for extracting thermolabile compounds. This system has a higher
sample throughput, and more solvent can be added to the system at any time.
However, in both cases control over temperature and pressure was excluded, the
use of mixing and regulation of the power used was limited, etc. All the short-
comings of using household appliances for research purposes led to the creation
of more convenient and safer microwave installations. The rapid development of
microwave chemistry prompted the company to develop improved microwave
systems and related tools for the process of extraction, synthesis, sample
preparation, drying, etc.

For more than 20 years of experience in the field of microwave chemistry
instrumentation and the development of the latest industrial technology, the
modern instrumentation of the MAE method provides a number of undoubted
advantages over the use of conventional or modified household microwave
systems.

Compared with household microwave ovens, laboratory options provide the
ability to control the temperature, pressure of the reaction mixture and the power
of the radiation used, they create a uniform and stable field and have mixing
systems. Some systems can in real time; directly display the workflow, be equip-
ped with a sensor for the presence of solvent vapors in the working chamber and
other functions. This provides the possibility of uniform heating of the reaction
mixtures. Rapid heating and rapid cooling system at the end of the process allows
you to control the heating time, which results in reproducible results. Much
attention is paid to the safety of equipment. In addition to special extraction
vessels for extraction, the devices have a safe external control from a personal
computer; easy to use program window interface [68-73].

Conclusion. With regard to safety issues, the use of microwave energy can
pose a risk to inexperienced analysts, especially when working with toxic organic
solvents and aggressive concentrated acids. As a rule, small weights of raw
materials and volumes of solvent or their mixtures, short-term use of microwave
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energy are used in MAE analytical procedures. In the case of a carefully planned
experiment performed according to the technical information provided on the
instruments, the extraction protocols used, the amount of reagents and the prac-
tical implementation of the experience under the supervision of an experienced
specialist, the safety risks are negligible.
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Pesome
T. B. Xapramosa

«3EJIEHBIE» HAITPABJIEHM S MUKPOBOJIHOBOM DKCTPAKLIMU
B XUMHIU ITPUPOJHBIX COEJVUHEHUU
Coobmenne 2: @akTopbl SKOJIOTHIHOCTH MUKPOBOJIHOBOW 3KCTPAKIMN

PaccMoTpeHs! akTOpBI 3KOJIOTHYHOCTH MUKPOBOJIHOBOM SKCTPAKINHU, KOTOPBIE CBS-
3aHBI C OMACHBIMHU pEareHTaMu, KOJIMYECTBOM OTXOJOB, O€30MaCHOCTBIO, MOTPEOIsIeMOH
SHEpruei M BO3AEUCTBUEM Ha OKPYKAIOILYIO CPELY.

KnroueBble cj10Ba: IPUPOIHBIE COSTNHEHNSI, MUKPOBOJIHOBAs SKCTpaKnus, (pakro-
PBI OKOJIOTUYHOCTH.

Pe3rome
T. B. Xapnamosa

TABUFU KOCBUIBICTAP XUMUACBIHAAFBI MUKPOTOJIKBIHABI
OKCTPAKIUAJIAY ABIH «KACBII» BAFBITTOPHI
2-mi xabapnama: MUKPOTONKBIHIBI SKCTPAKIHSTHBIH SKOIOTHSITBIK (paKTopIepi

MUKPOTONKBIHABI SKCTPAKIUAHBIH JKOJOTHSUIIBIK (PaKTOpJepi KaybITThl pEarcHT-
Tepre, KaIIBIKTap MeJIIIepiHe, Kayilci3airiHe, maiaagaHraH SHEPrHsIFa KOHE KopliaraH
OpTarsl 9Cep €Ty OaIaHBICHUIBITHI KAPACTHIPBLIFbIH.

Tyiin ce3mep: TaOUFM KOCBUIBICTAP, MUKPOTOIKBIHIBI 3KCTPAKIIHS, DKOJOTHSIIBIK
(bakropmap.
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H. O. AIITIA30B', P. A. TYPMAHOB', P. V. JXAIIIIAPBEPTEHOB',
B. M. JUSAPOBA®, O. C. JIBITHHA, A. T. LIIVPATA3UEBA’, H. U. AKBIJIFEKOB'

'KeI3b110p AMHCKHIT TOCYIapCTBEHHBIH YHIBepcuTeT M. KopksiT ATa, Kbi3binopaa,
Pecny6nuka Kazaxcras,
?KasaXCKuil HAIMOHATBHBIN KEHCKHUIT Ie[aroriyecKHii YHUBEDPCHUTET,
Anmarsl, Peciy6nuka Kasaxcras,
3 o
Hoserit yausepcurert Jluccabona, Jluccabon, [loptyramms

NNOJYYEHME AKTUBUPOBAHHOI'O YI'JIA
CO-TEPMOJIM30M PHCOBOM HIEJTYXU U HE®@TEIIJIAMA

AHHoTanusi. [IpoBesieH CO-TepMOJIM3 PUCOBOI HIenyxXH W Hedrelnuiama ¢ Helbio
MOJYYEeHUs IIUPOKOTIPHUMEHSEMOro ajacopOeHTa — akTHUBHpoBaHHOTo yria. KapGouu-
3alMI0 MPOBOAWIM B TpyO4aTOM Ieun, W3rOTOBJICHHOW W3 HEP)KaBEIOIICH CTald IpH
temnepatype 500°C U akTHBAIMIO KapOOHU3aTa OCYIICCTBIISIM BOJISHBIM MApOM IIPU
temreparype 800°C. M3ydeHo BIMSIHHE COOTHOIIEHHSI MCXOJHBIX KOMIIOHEHTOB ChHIPbS
(mwenmyxa:HedremuiaMm) Ha cBOiicTBa MpoAyKTa. ONTUMAIbHBIM COOTHOIICHHEM ISl CO-
TepMonM3a menyxa:Hedrenutam seisiercst 9:1 (o macce), COOTBETCTBEHHO. V3ydeHBI
TaKHe MMOKa3aTely, KaK aJcopONMOHHas aKTUBHOCT MO HOJy, CYMMapHBIH 00beM IO 110
BOZI€, MAaccoBas JOJII BJIAardM W HACBHIMHAS TUIOTHOCTb. MHUKPOCTPYKTYpPY IOIy4EeHHOTO
AKTUBUPOBAHHOTO YTJIS HM3Y4aldl Ha CKAaHHPYIOMIEM PacTPOBOM SJIEKTPOHHOM MHKPO-
CKoTle. AKTHBHUPOBAHHBIN yToiib, TMOJTYYCHHBIH COBMECTHOW IIepepabOTKON PHCOBOM
HIenyxu U Hedrenuiama B COOTHOIIEHHSX 9:1 COOTBETCTBYET aKTHBHPOBAHHOMY YTIIIO
mapku JJTAK.

KnioueBble ci10Ba: akTHBHPOBAaHHBIN yroib, pHCOBas IIeNyXa, He(TEIIaM, CO-
TEpMOJIN3, aKTUBALIUs KapOOHHU3aTa.

Brenenue. Baxxuelmmm cblpbeM AJI OIYUYEHHs] aKTUBHOTO YIUIS SIBIISIFOTCSI:
IpeBecHHa (B BUJE OIWIOK), APEBECHBIN YTroib, TOP(, TOp(hAHON KOKC, KAMEHHBIE
u Oypble yrid, a TaKKe MOIYKOKC OyphIX yriel. M3BEeCTHBI CITOCOOBI MOTyYeHUs
AKTUBHPOBAHHOTO YIJISi M3 (PPYKTOBBIX KOCTOYEK, CKOPIYIBI OPEXOB, CEIBCKO-
XO3AHCTBEHHBIX OTXOJOB, OTX0/0B OyMa)XHOTO IPOU3BOJCTBA, MyCOpa, OCAAKOB
CTOYHBIX BOJ, HM3HOLICHHBIX DPE3MHOBBIX MOKPBIMIEK, OTXOAOB IPOM3BOACTBA
CHUHTETUYECKHX MOJUMEPOB M T.I., KOTOPble HE HAIUIM UIMPOKOTO IPOMBIIII-
JEHHOTO puMeHeHus [1-5].

W3BecTHBI crIOCOOBI MOJIyYeHHS AaKTUBHPOBAHHOI'O YIS M3 PACTUTEIIBHBIX
OTXOJIOB, B YaCTHOCTH M3 OTXOJIOB STAMEHS (IIeTyXa ¥ HEKOHAWIIMOHHOE 3€PHO) U
U3 COJMIOMBI parica [6, 7]. ABTopsl [8, 9] B UCCIENOBAaHUSAX HCIOJB30BAIUA KY-
Kypy3HbIC IIOYaTKH B KQUECTBE CHIPbsI VISl IPOU3BOJCTBA AKTUBUPOBAHHOIO YTJIS.
AKTHBaIIMIO TIPOBOJIWIIM C HMCIIONB30BAHWEM IHOKCHAA YTJEepoja MPH TeMIlepa-
typax 800-900 °C, Bpemenu aktuauuu 20—120 muH u crenenn odxura 1-71%.

Nmeroress pabotsr [10, 11] mo mony4yeHHIO BBICOKOIOPHCTOTO AKTUBHOTO
yIJISL U3 PUCOBOW HIETYXH, KOTOPBIH MMEET CENEKTHBHYIO COPOLMOHHYIO aKTHB-
HOCTh Ha WOHBI CBUHIIA. OTMEUaeTcs, YTO COBMECTHAs TepepadoTKa PUCOBOM
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IeTyX! C TONMUTETPA(QTOPITHICHOM TTOKa3hIBAET BBICOKYIO IMOPHUCTYIO CTPYKTY-
py [3].

AptopaMu [12] mony4eH aKkTUBHPOBAaHHBIA YTojb M3 PHUCOBOM IICIYXH,
kapOoHu3anuio mpoBoasaT mpu Temneparype 500-700°C ¢ Bwimepxkoit 100-
120 muH, akTHBaIuio ocymecTBisioT npu 780-800°C mpu pacxome BOISHOTO
napa 2,0-2,5 kr Ha | Kr KapOOHU3UPOBAHHOTO MPOAYKTA. AJCOPOLMOHHAS
aKTHBHOCTb 110 HOIy aKTHBUPOBAHHOIO YTJIsl, MOJYYEHHOI'O JaHHBIM CIOCOOOM,
coctapisier 20-25%. HemoctatkoM maHHOTO crioco0a sIBISIETCS] HHU3Kas aacopo-
LIMOHHAS AKTUBHOCTb.

AKTHBHMpOBAHHBIE YTJIM MOJYUYEHB U3 PUCOBOH LIETyXH MyTEM aKTUBALUH C
nomotipio GochopHoit kucnoTel [13-16], a Takke MONy4YeH aKTUBUPOBAHHBIN
yTOJIb U3 PUCOBOM MIETyXH METOJOM aKTHBALWU C GOCHOPHON KUCIOTON B OIHO-
craauitnoM mpouecce [17].

3agaueil maHHOM PabOTHI SBISAETCS YCTPAaHEHHE BBILICYKA3aHHBIX HEHOC-
TATKOB ITyTEM TIPOBEACHHWEM TIpOIlecca CO-TEPMOJIM3a PHCOBOW TMIETYXH C
He(TENJIaMOM C ILEJIbIO0 MMONyYeHHsS aKTHBUPOBAHHOTO YISl ¢ OoJiee BHICOKUMHU
COpPOLIMOHHBIMH XapaKTEPHCTUKAMH.

OKCIIEPUMEHTAIJIBHAA YACTb

PucoBas miemyxa wW3MeJdbueHa JO TOPOIIKOBOTO COCTOSIHMSI Ha Jabopa-
TOPHOW MENBHUIIE.

Co-Tepmonm3 pUCOBOH mienyxyu U HedTelniaMa B COOTHOIIeHusx 9:1, 8:2,
7:3, 6:4, 5:5 nmpoBoaMIIK B TPyOUATOH I€UYH, M3TOTOBJICHHON M3 HEP)KABCIOIICH
cTtanm BbICOTON 250 MM WM BHYTPEHHHUM AHAMETPOM 25 MM TpU TeMIEepaType
500°C u akTuBanmen kapOoHM3aTa BOASHBIM mapoM mipu 800°C.

[ToBepXHOCTh MOYYEHHOTO aKTHBHPOBAHHOTO YIUIA M3yYajl HAa PacTPOBOM
CKaHHMPYIOLIEM DJJIEKTPOHHOM MuKpockorne JSM-6510 LV  ¢upmer JEOL
(Smonus).

CpoiicTBa TIONyYeHHBIX AKTUBUPOBAHHBIX yriied (aacopOlMOHHAs aKTHB-
HOCTb TI0 HOJy, CYMMapHbIii 00beM MOp 0 BOJAE, MaccoBas 0JId Biaru, HACHIM-
Has IUIOTHOCTH) OIMpPEAeIIsIN 0 U3BeCcTHOU MeTtoauke [18-21].

PE3VYJIbTATBI 1 OBCYXJIEHUE

Pabory mpoBoamim mo oO0mield MeToawke: B TPyO4aTyio Medyb MOMEMAoT
CMeCh PHCOBOH LIETYXH M HedTellIaMa B pa3InYHbIX COOTHOIICHHUAX (Tabmuia),
TFEPMETU3UPYIOT M OCYLIECTBIAIOT KapOOHM3ALHUIO CO CKOPOCTHIO MOabEMa
temnepatypsl 10°C B munyTy 10 500°C 1 BBIIEpKMBAIOT TPU STOW TEMITEpaType
100 muH. 3aTeM c HIKHEH YacTW TpyOuaTOW Medyn MOJKII0YAeTCsl COCyA IS
MoJjauy mapa BOJBI € pacxojoM 2:1 Ha mMaccy kapOoHH3aTa. AKTHBAIMIO ITPOBO-
1T npu temiepatype 800°C.

OU3NKO-XMMHUYECKHE ITOKA3aTeN TOJTYYEHHOTO aKTHBHPOBAHHOTO YTIIA
MOKa3aHbl B Ta0JIMILE.
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CoBMecTHas niepepaboTKa pUCOBOM IIENYXH U HedTenuiaMma

HaumeHnoBanue nokasarens Pe3ynbTarhl SKCIIEpUMEHTANIBHBIX HCCIIeIOBAHUMA
?H’[:;;‘ZE"; ;g;‘;;mnzgze PHCOBOM 9:1 8:2 7:3 6:4 5:5
Brixon xapbonusara, mac.% 42,7 40,6 36,8 33,7 33,0
Brixon aktuBupoBaHHOTO YIis, Mac.% 35 32,4 29,4 26,6 26,2
AncopOIMOHHAs aKTUBHOCTH 10 oy, % 46,99 4318 38,10 31,75 26,67
CyMMmapHBIi 00beM Mop Mo BOJE, oem’/r 1,41 1,38 1,31 1,28 1,20
MaccoBast nons Biaru, % 4,1 4,5 49 5,1 5,3
HaceimmHas mnoTHOCTS, F/Z[M3 201,4 207,9 211,3 213,2 220,8

MuxkpodoTorpaduss akTHBUPOBAHHOTO YTJISl MPUBEACHA HAa PUCYHKE, HA HEM
MOYKHO YBUIETh Pa3BUTYIO MIOPUCTYIO CTPYKTYPY IOIyUYEHHOTO COpOCHTA.

F

:;.

MuxkpodoTorpadust akTHBUPOBAHHOTO YTJIs IIOJIyIEHHON U3 PUCOBOI! MIENTyXH U He(TenIama

BriBoasbl. Ilo pe3ynpTaTaM 3KCHEPUMEHTAJIBHBIX UCCIEIOBAHUM, MOIY4YEH-
HBIH MPOAYKT MPH COBMECTHOW TepepaboTKe PUCOBOM HIETyXH M HedTenuiamMa B
cooTHomeHusx 9:1 cooTBeTcTBYyeT akTHBHpOoBaHHOMY yrimo Mapku JJAK (I'OCT
6217-74. YT0np akTUBHBIA JPEBECHBINA APOOICHBIH).

Hcnonb3oBanue mpejiaraeMoro crnocoba IOMy4YeHHsI aKTUBUPOBAHHOTO
YTl 0 CPaBHEHHMIO C M3BECTHBIM CIIOCOOOM O0ecneuMBacT BBICOKYIO aacopo-
[IMOHHYI0 aKTUBHOCTB U B KAUECTBE CHIPbS NPEATIAraeTCs HCIOJIb30BATh PHCOBYIO
menyxy ¥ HedTenuram. Pe3ynpTaTel HMCCIeIOBaHWHA ITO3BOJISIIOT PallMOHAIHHO
UCIOJIB30BaTh MPUPOJIHBIE PECYPCHI U UMEIOT MPUPOJTOOXPAHHOE 3HAUECHHUE.

Paboma evinonnena npu noddepocxke Komumema nayku MOH PK 3a cuem
epanmogo2o gunancuposarus AP05134356.
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Pe3iome

H. O. Annaszos, P. A. Typmanos, P. V. JKannapbepeenos, b. M. lusapoasa,
O. C. Jlvieuna, A. T. lllypacasuesa, H. U. Axvindexos

KYPIII KAYbBI3bl MEH MYHAM [IJTAMBIH CO-TEPMOJIM3EY APKbIJIbI
BEJICEHAIPUUIT'EH KOMIP AJTY

KeH KosimaHpuiaTelH ancopOeHT — OeJICeHAIpPUIreH KeMip ally MakcaTbhlHAa Kypill
KaybI3bl MEH MYHaill [IJIaMbIH CO-TEpMOJM3eY Ypaici kyprizingi. Kapbonuzanus 500°C
TEeMIlepaTypaja TOTHIKIAWTHIH OOJIATTAH >KAacaJFaH TYTIKTI IIEIITe >XYpri3inai, kapOo-
HU3aTThl OeiceHaipy cy OyesiMer 800°C Temmeparypaga icke achipbuiasl. 11IuKi3aTThIH
GacTarkbl KOMITOHEHTTEP] KaThIHACHIHBIH (KYPIilll KaybI3bl:MYHall IIIJTAMbI) OHIM KacHeTIHe
acepi 3eprrenni. Co-TepMonmsaey HOTHXKeci OOWBIHIIA OHTAIIBI KaThlHAC Kypill
KaybI3bI:MyHal mmamsl = 9:1 (Maccachl GoibIHIIA) GonbIn TaGbuIambl. Mox GoiibiHma
aJICOPOIMSTIBIK OENCeHIUTIK, cy OOMBIHIIA KalIbl KEyeKTep KOJeMi, CyIbIH MacCalbIK,
Yiieci oHE YHTAKTBHI THIFBI3IBIK TOPi3/i KOPCETKIIITep 3epTTeNai. ANbIHFaH OelceHmi-
piireH KeMipAiH MHKPOKYPBUIBIMBI CKaHEPIICYIIi PacTPIbl AIEKTPOHIB MHKPOCKOI
keMeriMeH 3eprrennui. Kypim kaysi3pl MeH MyHail nuiambl 9:1 kareiHacta Oipre eHuey
apKpUIBI ajbiHFaH Oencenaipinren kemip JIAK mMapkachkiHa coiikec Kesei.

Tyiiin ce3mep: GencenaipiireH Kemip, Kypill KaybI3bl, MYHail IITAMBI, CO-TEPMOJIU3,
KapOOHU3ATTHI OCIICCHITIPY.
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Summary

N. O. Appazov, R. A. Turmanov, R. U. Zhapparbergenov, B. M. Diyarova,
O. S. Lygina, A. T. Shuragaziyeva, N. I. Akylbekov

OBTAINING OF ACTIVATED CARBON
BY CO-THERMOLYSIS OF RICE HUSK AND OIL SLUDGE

Carrying out joint activities in order to obtain a widely used adsorbent — activated
carbon. A carbonization tube in a tube furnace made of stainless steel at a temperature of
500°C, and activation of a carbonizate carried out by steam at a temperature of 800°C.
The influence of the ratio of the initial components of the raw material (husk:oil sludge)
on the properties of the product was studied. Husk:oil sludge is 9:1 (by weight),
respectively. Indicators such as water adsorption activity, total owner volume and bulk
figure were studied. The microstructure of the obtained activated carbon was studied on a
scanning electron microscope. 9: 1 corresponds to activated carbon brand DAK.

Key words: activated carbon, rice husk, oil sludge, carbonization, activating of
carbonizate.
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B0X 666.9.017
C. C. CATAEBA, A. Y. UMAHT AJIMEBA

JKoHrip xaH areinarsl bateic Kazakcran arpapibIK-TeXHUKabIK YHUBEPCUTETI,
Opamn, Kazakcran PecyOmmkacer

ATBIPAY MYHAM OHJIEY 3AYBITBIHJIATBI
KYKIPTTIH ®U3UKA-XUMUAJIBIK KOPCETKIIITEPI

AHHOTauUsl. YCBHIHBIN OTHIpFAaH Makajana AThIpay MyHail eHJEY 3aybIThIHIAFbI
KOCBHIMIIIA OHIM TEXHUKAJIBIK KYKIpPTi KapacTeIpbuiFaH. KyKipTTiH (H3HKa-XUMHUSIIBIK KOp-
CETKIIITEPIi: KYJAUTIr, KBIIKBUIABIFBI, OPTaHHKAIBIK 3aTTap, KYKIPTTIH MaccajblK Yjeci
kKoHE Cy aHbIKTANABL. JSM-6490LV pacTpibIK 37IEKTPOHIIBI MHKPOCKOOBIMEH CTPYKTYpa-
JIBIK Kypambl 3eptrenai. TexHukanslk KykipT 99,90 % Herisi aJeMeHT KYKipTTeH Typajibl.
Kenripinren ¢pusnka-XUMHUSIIBIK KOPCETKIIITEP TEXHUKAIBIK OHIM IIapTTapblHa call eKeHi
TYKBIPA KOPCETITeH.

Tyiiin ce3mep: KangblK KYKIPT, KYPBUIBIMABIK KypaMm, (HU3MKa-XUMHSIIBIK KOpPCET-
KimTep: KYJAUTIK, KBIITKBUIIBIK, OPTaHUKAIBIK 3aTTap, KYKIPTTIH MacCaNbIK YIIec, Cy.

COHFBl OHXBUIJBIKTApJa SKOJOTHSUIBIK JKOHE OIICYMETTIK-DKOHOMHUKAIBIK
KayinTi, TaOWFW KOHE AaHTPONOTCHIIK amaTrrap caHbl KeOcrome. Kaszakcramma
KBUIIaH-)KBUIFA OHEPKOCINTIK eHJipic ecim kenemi. OcbiFaH OailJIaHBICTHI KaJ-
JIBIKTAp J1a TIPOTIOPIIMOHAIIBI KeJIEMJIE apTy/Ia.

CoHIBIKTaH OHIIPICTIK KAJIABIKTAPABl OHACY — €JIeTi 03eKTI MoceNeNIepaiH
0ipi. Pecmu MamiMeTTepre colikec, peciyOnrka aymarbiHAa 22 MUJUIMAp] TOHHA
OHJIIPICTIK JKOHE TYPMBICTHIK KaJAbIK Oap. XKeinbiHa 700 MIH. TOHHA ©HIIPICTIK
KaJIJIBIK Ty3iice, OHbIH 250 MJIH. TOHHAIaH acTaMbl 3USHABI. byFaH Koca TYpMBbIC-
TBIK KaTThl KAJIBIKTapAbIH 97 %-bl KYpaMblHa Kapail ipikTeJIMeii i, opi canuTap-
JBIK TaJlanTapra cali KeJIMEHTIH 30Hanapra Tacraiaiubl. SIFHH, KaJIbIKTapbl
KaiiTa eHJey oIl KYHTe JAeHiH HISTIiMiH TalmaraH MacelenepiH Oipi.

ConblH imiHAE MyHai-ra3, XUMHS OHEPKICINTEpPiHEH IIBIKKAH OHIIPiCTIK
KaJJIBIKTap 3KOJOTHUIBIK Kayill TOHAIPIN, KOCIMOPHIHHBIH YKOHOMHUKACHIHA IIIbI-
FBIH KeNTipeni. Atam aifTkanna, MyHail ©HIIPICiHIH KaJABIFbl — KYKIPTTIH 3USHBI
opacaH 30p. Kazakcranma KYKIpTTiH KaJJBIFBI, ocipece, AThIpay XkoHe baTwic
Kazakcran 00abICTapbIHIA KE3ECEI.

MyHaif MeH ijecne razga KykipT cyreri maMamen 14 %-ra neifin Goiasl.
Inecnie rasel 6ap MyHail 3aybITKa KEJill TYCKEH Ke3Jie OHbI alJ(bIMEH Ceraparys-
Jaiapl, OeiHIN WHIKKaH KYKIipT cyTeri Kiayc KOHABIPFBICHIHA Tyceli. ATalFaH
amaparTa KYKipT CyTeriHeH Cy >KoHe KYKipT Ty3ineni. KykipTTi cyTeriHiH >kapThl-
Jaii )KaHy PeaKIUsChI:

2st + Oz — 2SS + 2H20

Peaknust HoTMKeciHAE TY3UITEH CYHBIK KYKIpT TyHipurikreyre xibepineni
HeMece IUCTepHalapra, KYKipT KapTanapbiHa Kyibuiaasl. Kasipri yakeITTa KyKipT
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KapTaJlapbIH KOIOFa 0ap KYII )KyMcaJlFaHbIHAa KapaMacTaH, JajJajblK aiMaKTapaa
alllbIK ayaJarbl KYKIpTTIH Tay TOpi3/i CapFbIll KECEKTEPiH Ke3aecTipyre Oomaibl.

Kyxkipr IV-mi kayinrinik kmaceiHa sxaTagsl. ON KOpIIaFraH OpTara >XoHE
TYPFBIHIAP JCHCAYJIBIFbIHA ©Te 3MAHIBL KyKIpT CO3BUIMaNIBI KEpaTOKOHBIOHK-
TUBUTTEP (KO3 KAOBIFBIHBIH XOHE KOHBIOHKTHBHTTIH KaOBIHY >Karjaibl), OKIIC
(kui OpOHXHT) >KOHE MYpBHIH (PUHHT), acKaszaH, ileK Xyieci OyY3bUTYBI, KUl
ceOerci3 6ac aypybl, YHKBICBI3ABIK, Oac aifHaIybl )KOHE TYPAKThl KYLI TOMEHIEYI,
TEpIICHIIK, THIIOTOHHS, dJICi3 ToOeT, Tepi aypyiapblH (dK3eMa, JepMaTUTTep)
Tyneipagsl. KyKipTTi eHAIpiCTiH TYpaKThl KbI3METKEpJIEpIHEH KaH aHaJIu3JEpiH
Tarchlpy Ke3iHAe aHW30LUTO3, MOHOLMTO3, aHeMUs Oailikamazabl.JleMek, aIibIK
acriaH acThIH/Ia KYKIPTTi cakTayra Oommaiisl [1].

Kyxkiprt Hapeirsr 2020 sxputra Kapait 150 MIH. TOHHaFa JIeiiH IOFBIpIIaHa bl
nen Oospkanyaa. Meicassl, TeHru3 keH opHbBIHBIH (ATbIpay 00:1.) YHiHALIepiHaeri
KYKIPT KeJieMi Ka3ipAiH e3iH1e 8§ MIIH.TOHHaJaH acKaH.

XKorapeiga alTburFanra OaiNIaHBICTBI, KYKIPTTIH CTPYKTYPAIBIK KYpaMbIH
XKoHE (PH3MKA-XUMHSUIBIK KAaCHUETTEpiH 3epTTey OYTiHrl TaHJa ©3eKTi Macele
0OJIBII TaOBLIAEI.

3epTTey 00BeKTIiC peTiHne ATbIpay MyHall eHJiey 3aybIThl «AMO3)» IIbIK-
KaH TeXHHMKAJIbIK KYKIpTKapacThIpbuLbl. OJ capbl-)KachbUl TYCTI, TYHIPIIIK TOPIi3i
3ar (1-cyper).

1-cypet — TexXHHKaNBIK KYKipT
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TexHUKaNbIK KYKIPTTiH CTPYKTypanblK Kypambsl JSM-6490LV (JOEL dwup-
Mmackl, JKamouus, STRUERS Jlanus) pacTpiibl 3JEKTPOHIBIK MHKPOCKOOBIMEH
3eprrenai. Pactpisl anekrpoHabik Mukpockon (POM) - 3eprrenetin yiariHig Oeti
OOMBIHILIA AIIEKTPOHIAPBIH KYKA LIOFBIPBIH TEJIEBU3USUIBIK MPUHLMII HEri3iHIe
3epTTEWTIH acmar (2-cyper).

2-cypeT — TeXHUKaNBIK KYKIPTTiH KY KOpiHiCi

DOJNEeKTPOHABIK MHKPOCKOIl KOMETIMEH TEXHMKAJBIK KYKIPTTIH >KEKellereH
KPUCTAJIAPBIHBIH MIIIIHI MEH eJIeMIepi, KPUCTAIAApABIH 6Cyl MeH Oy3buTy
npoIiecTepi, JOHAEPIiH NIeKapachHa OTETIH MPOIECTEpP, TEPMHUSUIIBIK OHJCY MEH
CaNKbIHIATy Ke3iHAeri (a3anblK TYpJieHylepi KapcThIpbULABL. YJITiHIH OeTiHe
TYCETIH 3JIEKTPOHIApPAbIH IIOFBIPBI KYKIPTIIEH ©3apa 9pEeKeTTeceli, COHBIH cal-
JIapelHaH Oipkatap (Qu3WKanmelK KyObLIbICTAp Maiima Oomamsl [2]. TeXHWKaIBIK
KYKIPTTIH Kypambl 3-111i cypeTTe OepiireH.

& CrexTp ]
IMEMERT ey % AToumsw Y
3 100,00 100,00
Bapmuan 10,00
\
T T T 1 T L] T T L T L L]
b 2 4 B 8 10 12
Nonsaa wkana 24023 vmn. Kypcop: 0.000 k3B

3-cyper — TeXHUKaIBIK KYKipT KYpaMbl
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TexHHUKaNBIK KYKIPTTIH Kypambl 99,90 % Herisri KyKipT 3JIeMEMEHTi eKeH-
IIr1 aHBIKTaIBIHIBL.

CoHbIMEH KaTap TEXHUKAJBIK KYKIPTTIH (U3NKa-XUMHUSIIBIK KOPCETKIIITEPI:
KYJIILTIT1, KBIIKBUIIAP, OPTaHUKAJBIK 3aTTap, KYKIPTTIH MacCalbIK yJeci )KoHe Cy
MEMCT 127.2-93 «TexHukanblK KyKipT» OoiibiHma asbikTanasl [3]. Kep-
CETKINITepi HAKTHl aHBIKTAy YIIiH TEXHUKAJBIK KYKIPTTIH 3 YITiCi albIHBIT
oprTaria MoHIepl ECENTEN/II.

TexHUKaNBIK KYKIPT KYpaMBIHAAFbI KYKIPTTIH canachlHa TiKellel acep eTeTiH
KOPCETKIIl - KyJIIiH MaccalbIK yieci (1-kecte). By kepceTkiln KyKipTTiH KaJlabIK
MmaccacelH (800£10)°C Temmneparypaia ChIHAMaHbl KbI3IBIPYFa HETi3/ENTeH.
Keneci ¢popmynamen aHBIKTAI b

m, -100
m b

X, = (1)

MYHJIa m; — 3JCEKTp MEeUIiHAe KbI3IbIpFAaHHAH KCHIHT1 KYKIPT KaJJIBIFBIHBIH CaJl-
Marbl, I; M — TaJIJaHaThIH ChIHAMAHBIH, CaJIMAarkbl, T.

1-xecte — TeXHUKAIBIK KYKIPTTIH KYJIIUIITH aHBIKTAY HOTHXKENepi

Ynri m, T m;, T X1, % Xiopr.
I 20 0,0040 0,0200
1T 20 0,0039 0,0195 0,0200
I 20 0,0041 0,0205

TexHUKaNbIK KYKIPTTIH MaHBI3Ibl KOPCETKIIITEPiHiH Oipi —KBILIKBUIABIFHL.
OJ KYKIipT KBIIIKBUIBIHA KalWTa €CenTereH/eri KbIIIKbULAAPIbIH MACCAIbIK yJeci
(X3, %). Keneci dhopmymna (2) OoibIHIIIA eCETTEN/I.

(Vl - VQ)-K-O.OOO49-250-100
X, - , @)
100-m

MyHz1a V| — HOJIJIK epITIH/IHI TUTPJICyre KETKSH HATPUI TMIPOKCUIHIH KeJeMi,
cM’; V, — aHBIKTANaThIH CHIHAMAHBI THTPICYre KETKeH HATPUH THIPOKCHIIHIH
KoeJieMi, oM’ ; 0,00049 ~ 1 cM° KoJeMeri epiTiHJITe CoiKeC KeNeTiH KYKIPT KbIII-
KBUIBIHBIH CajMarbl, M — ChIHAYFa ajibIHFaH KYKIPTTiH caamarbl, T; K — Ty3ety
ko3 ureHTi.

TexXHUKANBIK KYKIPTTIH KBINIKBUIBUIBIFBIH AHBIKTAY HOTHXKeNepi 2-1ii
KecTenne OepireH.

2-kecte — TeXHUKaIBIK KYKipTTiH KbIIIKbUIABUIBIFBIH aHBIKTAY HQTI/I)KeIlepi

Yori m, T Vi, e’ Vs, e’ X5, % Xaopr.
I 50 100 38 0,001500
I 50 100 40 0,001470 0,001400
I 50 100 42 0,001421
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TexHUKaNBIK KYKIPTTIH aHBIKTANATHIH KOPCETKIMIHIHOIpI OpraHWKaIIbIK
3aTTap/iblH MaccalblK yieci. OpraHuKalbIK 3aTTapblH Maccaibik yieci (Xs, %),
KeJeci popmyna OOMBIHIIA ecenTei:

X, = (m, —m,) IOO’ 3)
m
MYH/Ia m — TaJAaHATHIH CBIHAMAaHBIH CaJMaFrbl, T; M; — TEXHUKAIBIK KYKIPTTiH
KYpaMBbIHAaFbl OPraHUKAJBIK 3aTTapAblH calMarbl, T; M, — ChIHAMAHBI KYHIIip-
FeHHEH KeHIHT1 KaIABIK cajlMak, T.

TexHUKaNBIK KYKIPTTIH KypaMbIHIAFbl OPraHUKAJIBIK 3aTTapAblH CaJMarblH

AHBIKTAy HOTIIKEJEpi 3-1Ii KecTee KOpCeTUITeH.

3-kecte — TeXHUKANBIK KYKIPTTiH KYPaMBIHIAFbl OPTaHUKAIBIK 3aTTapIbIH
CaJIMaFbIH aHBIKTAy HOTHXKeJepi

Yori m, T my, T my, T X3, % Xiopr.
I 50 0,01 0,00500 0,01000
I 50 0,01 0,00489 0,01022 0,009
I 50 0,01 0,00490 0,01020

TexHUKaJBIK KYKIPTTIH Tarbl a Oip MaHBI3ABl KOpPCETKIMTepiHiH Oipi —
KYKIpTTiH MaccanbIK yieci (X4). TomeHzaeri popmyna OOHWbIHINA aHBIKTAIIBL:

X4: 100 — (X] + X2 + X3), (4)
MyHna X; — KYJIiH MaccalbIK yieci, %; X, — KYKIpT KbIIIKbIIbIHA KaliTa ecenTe-
TeHET] KBITKBUIIAPABIH MaccalblK yieci, %; X3 — OpPraHHKaNBIK 3aTTapIbIH
MaccaJibIK yJieci, %.

TexHUKaNBIK KYKIPTTiH KYpaMbIHIAFbl KYKIPTTiH MaccajlbK YJIeCiH aHBIKTay
HOTIKeJepi 4-111i KecTeie KOPCETiTreH.

4-kecte — TeXHUKAIBIK KYKIPT KypaMBIHIAFb! KYKIPTTiH MacCaJIbIK YJIECiH aHBIKTayHOTYDKENepl

Yori X1, % X5, % X3, % X4, % Xiopr.
I 0,0200 0,001500 0,01000 99,98

I 0,0195 0,001470 0,01022 99,98 99,98
I 0,0205 0,001421 0,00702 99,98

TexHHUKaNBIK KYKIPTTiH Keleci KepceTKimi CyaslH MaccaiblK yieci. CynbiH
MaccanblkK yneci (Xs, %), chlHaMaHBl KeNTipy Ke3iHJe CalMaKThIH JKOFaTybIHA
(70+2) °C-ta Herizgenren. by kepcerkim keneci hopMyita GOHBIHIIA eCenTei:

_m 100 5)
m

X

5

MYHJIa M — TEXHUKAIBIK KYKIPTTIH CaJMarbl, T; Mm; — KeNTipyAeH KeHiHr1 KYKipT-
TiH caJIMarsbl, T.
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TexHUKaNBIK KYKIPTTIH KYpaMbIHAAFbl CyJbIH MacCalblK YJIECIH aHBIKTay

HOTHXKeJepi 5-111i KecTeae KOpCeTireH.

S5-kecte — TeXHUKANBIK KYKIPT KYpaMbIHIAFbI CYABIH MacCaJIbIK YJIECIH aHBIKTAay HOTIDKeIepi

Yuri m, T my, T Xs, % Xsopr.
I 110 22 0,20
11 110 20 0,18 0,19
1 110 21 0,19

TexHHUKaNBIK KYKIPTTIH KOpPCETKIITepi: KYKIPTTIH MaccallblK yJeci, KyJmi-
JIT1, KYKIPT KBIIIKBUIBIHA KAHTa €CEeNTEereH IeT] KbIIIKbLUIAAP, OPTaHUKAIIBIK 3aTTap
xoHe cynblH Maccanblk yieci MEMCT 127.2-93 nen canbIcThIpbUIAb! (6-KecTe).

6-xecre — TeXHUKAIBIK KYKIPT KOpCeTKiITepi

. «AMO3» XKUIC MEMCT 127.2-93
KepcerkimTep arayst - .
TEXHUKAJIBIK KYKIpTi OolibIHIIIA
KyxipTTig MaccansIk yneci, % 99,97 99,99
Kynain maccansik yneci, % 0,02 0,02
KyKipT KBIIIKBUIBIHA KaiiTa eCCHl.“Cl(;eHZ[CFI 0.00125 0.00150
KBIIIKBUIAAPIBIH MaCCANBIK yieci, %o
OpraHuKanbIK 3aTTapbIH MaccalbIK yieci, % 0,01 0,01
CyapIH MaccanslK yieci, % 0,19 0,20

TexHUKaNbIK KYKIPTTIH KYpambIHIAFbl KYKIPTTiH, KYJIiH, KYKIPT KBbIII-
KBUIBIHA KaiTa ecenTereHjeri KhIIIKbUIIApbIH,0pTraHuKANbIK 3aTTapbIH,Cy IbIH
MacCallbIK YJIeCITEXHUKAIBIK MapTTapFa cail eKeHIIT AN ISH/II.

CoHbIMEH, KYMbICTa AThIpay MyHail ©HJCY 3ayBITHIHBIH KAJIJBIK TEXHUKa-
JBIK KYKipTi 3epTTenti. JSM-6490LV pacTpiibik 31eKTpOHIB MUKPOCKOIT apKbLIbI
CTPYKTYPIBIK KYPaMBIKapacThIpbULIbl. KalIblKk TeXHUKAIBIK KYKipTTiH (u3nka-
XUMUSIIBIK KOPCETKIITepi: KYKIPTTIH MacCallbIK yJeci, KYJIiUTiri, KeIITKBUIIap,
OpPTaHUKAJBIK 3aTTap JKOHE CY aHBIKTaNAbL. TeXHUKAIBIK KYKIPTTIH Kypambl
99,90 % KyKipTTeH TypaThIHBI koHE aranFaH kepcerkimrep MEMCT 127.1-93
cail eKeHIIT1 ToNeIeH .

3epTTenreH KaNAbIK TEXHHKAIBIK KYKIPTTi: KYKIPT KBIMIKBUIBI, KYKIpTTi
LEMEHT, MHUHEPAJIIbl THIHAWTKBIIITApP, 00sy, 00HUT, KYKIpTTi O€TOH, KYKIipTTi
OCHTOHHT OHJIPYAE; Kay4dyK, TYTIHAIK OK-A9pi MEH MUPOTEXHUKAIBIK CHAPSAATAD
ayna, ¢papManeBTHKala KaKla JaiblHaay YIOiH KoHE O©CIMAIK 3USHKeCTepiMeH
Kypecyae (QyHrumuj periHiae T.0. camanapia KoJiJaHyFa MYMKIiHIIK Oap jemn
KOPBITBIHABUIAYFa Oonanel [4].

&9



XUMWYECKHH )KYPHAJI KA3AXCTAHA

OJIEBUET

[1] Xynsakos B.A., IIpomun A.I1., Kucnunsia C.H. CoBpeMeHHbIE KOMIIO3ULIUOHHBIE CTPOU-
TenbHbIEe MaTepuaiisl. — M.: 31-Bo Accoll. cTpoift. By30B, 2006. — 141 c.

[2] CrosHOB C.O., Hypues H.K. TexHonoruueckast IMHUS 10 MPOU3BOACTBY CEPHBIX U JIpy-
T'MX TOMOTEHHBIX Komro3uiui // Bectank KasaH. TexH. yH-Ta. Xumnueckas texaonorus. — 2010. —
T. 16, Ne 14. — C. 47-49.

[3] TOCT 127.2-93. Cepa Texuuueckas. Metoasl ucnbitanuii. — M.: UIIK H3natenscTBO
cTaHaapToB, 2002. — 52 c.

[4] Kopones E.B. CTpykTypa u CBOWCTBa 0CO0O0 TSXKEIBIX CEPHBIX KOMIIO3UIIMOHHBIX MaTe-
puainos: Jluc. ... kaua. xum. Hayk. — [lensa: [IITACA, 2000. — 198 c.

REFERENCES

[1] Khudyakov V.A., Proshin A.P., Kislitsyna S.N. Modern composite building materials. M.:
Publishing House of the Assots. building universities, 2006. 141 p.

[2] Stoyanov S.A., Nuriev N.K. Technological line for production of sulfuric and other
homogeneous compositions // Herald of the Kazan. tech. univ. Chemical technology. 2010. Vol. 16,
N 14. P. 47-49.

[3] GOST 127.2-93. Sulphur technical. Test method. In. 1997-01-01. M.: IPK Publishing
standards, 2002. 52 p.

[4] Korolev E.V. Structure and properties of especially heavy sulfur composite materials: Dis.
.... Cand. chem. sciences'. Penza: SCIENTIFIC, 2000. 198 p.

Pe3rome
C. C. Camaesa, A. V. Umanzcanuesa

HCCJIEJJIOBAHUE
DMBUKO-XUMUYECKUX CBOMCTB CEPBI
ATBIPAYCKOT'O HE®TEITEPEPABATBHIBAIOIIET'O 3ABOJIA

AHHoTanusi. B pabGore paccMOTpeHbI 0TX0ABI HedTenepepabOTKU cepbl ATHIpay-
ckoro HedremnepepadareiBaromero 3apoaa (AHII3). MccnenoBanbl OCHOBHBIC TTOKA3aTEIH
TEXHHUYECKOH Cepbl: MPOLEHTHOE COJIepKaHNEe CEPhl B COCTABE CEPHOTO OTXO0/1a, 3071a, KU-
CJIOTHI B IIEpecyeTe Ha CEpHYIO0 KHCIIOTY, OpTraHWYecKue BellecTBa M Boja. [IpoBenen
CTPYKTYPHBI aHaJIN3 TEXHWYECKOH cephl Ha DSJIEKTPOHHOM pPAcTPOBOM MHKPOCKOIIC
JSM - 6490LV.

[Tomy4yeHHbIe 3KCTIepUMEHTANbHBIE HaHHBIE cOOTBETCTBYIOT I'OCT 127.1-93 «Tex-
HUYECKas cepay. YCTaHOBJICHO, UTO B COCTaBE TEXHUYECKOW cephl coaepxkutcs 99,90 %
CepHI.

KaioueBbie cjioBa: 0TXO/BI CEpbl, CTPYKTYPHBIH COCTaB, (PM3MKO-XMMHUECKHE MO-
Ka3aTeau: MaccoBasi IOJIS Cephl, 30JbHOCTh, KUCIIOTHOCTh, OPraHUYECKHE BEIIeCTBa, BOJA.
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Summary
S. 8. Satayeva, A. U. Imangaliyeva

STUDY OF PHYSICAL AND CHEMICAL PROPERTIES OF THE SULFUR
OF ATYRAU OIL REFINERY

The paper deals with sulfur waste Atyrau refinery (ANPP). The main indicators of
technical sulfur were investigated: the percentage of sulfur in the composition of sulfur
waste, ash, acid in terms of sulfuric acid, organic substances, water and this waste of
production was investigated by an electronic scanning microscope JSM - 6490LV.

The experimental data obtained correspond to GOST 127.1-93 "Technical sulfur". It
is proved that 99.90 % sulfurs contained in technical sulfur.

Keywords: sulfur waste, structural composition,physical and chemical parameters:
sulfur, ash, acidity, organic matter, water.
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VK 541.183.1+66.081+546.98
E. E.EPITOKUH, T. K. Y4JIOB, E. A. MEJIbHUKOB

AO «MHCTHTYT XUMHYeCKHX HAayK uM. A.B. bektypoBay,
Anmarsl, Pecybnuka Kazaxcran

COPBIHIMOHHOE U3BJIEYEHUE ITAJIVIA U
HA OCHOBE PA3JIMYHBIX OPTAHUYECKHX COEJIUHEHU

AnHoTanusi. B 0030pHO#T cTaThe pacCMOTPEHO COPOIIMOHHOE HM3BIICUCHHE HOHOB
nmajuraauss CUHTCTUYCCKMMU HOHUTAMU pa3quHoﬁ IIPpUPOABL. IToxa3anbl u OINPECACIICHBI
ONITUMAJIBHBIC YCJIOBUA KOHICHTPHUPOBAHUAA. HOCTpOCHBI N30TCPMBI COp6L[I/II/I U3 UHOAUBU-
JyaJdbHBIX U MHOTOKOMIIOHCHTHBIX pacTBOPOB. [10Ka3aHo, YTO pacCMOTPEHHBIC COPOCHTHI
00J1aJaf0T XOPOITUMH €MKOCTHBIMH XapaKTCPUCTHKAMU U UX MOXKHO HCIIOJIB30BATh IS
HAKOTUICHUS OOJBIINX KOJUYCCTB HOHOB OJIArOPOTHBIX METAJUIOB.

KiroueBbie cjIi0Ba: CHHTE3, HOHUTHI, COPOIIHS, TIAJLIAHH.

B npouecce apdunaxa meranioB miatnHoBo# rpymmnsl (MIITY) obpasyrores
Ooxpmme 00beMBI OTPaOOTAaHHBIX PacTBOPOB, coaepxkamux MIII, B Tom gmcne
IUIATHHY ¥ MaJUIQJAdH B KOJIWYECTBE JI0 HECKOJIILKAX COTEH MT/I. J{JIst M3BIIeUeHUS
MIII" u3 TakuX PacTBOPOB OOBIYHO HMCIOJB3YIOT METOMABI OCAXKACHHUS MX B BUJC
MaJOpacTBOPUMBIX COEAWHEHUH, LEMEHTalMKd WINd JiekTponusa. [lpu sToMm
JaJIeko He Bcerga Jocturaercss riryookoe mipnedenne MIIIT m3 pactBopoB w,
KpOMe TOro, 00pa3yroTcsi TBEpJIble MPOAYKTHI C UX HU3KUM COJCPKAHUEM, Jailb-
Helmas nepepadoTKa KOTOPBIX C LEIbI0 BBIACICHUS LIENEBbIX KOMIOHEHTOB BbI-
3BIBACT CYILECTBEHHBIE 3aTpyAHEeHU. [IpeacTaBianock, 4To JIydline pe3yJabTaThl
npu wm3sinedeHnn MIII w3 orpaboTaHHBIX apPUHAKHBIX PACTBOPOB MOXKET
o0ecreunTh NPUMEHEHHE METOAOB MOHHOTO OOMEHa, TeM Ooiiee, YTO MMEETCs
00JpIIOE YHCTO ITyOIMKAIMA, B KOTOPBIX J0Ka3aHa BBICOKAs M30MPaTEIbHOCTH
HekoTopbix MOHUTOB K MIII'. TeM He MeHee, B HACTOAILIEE BpPEMs IpPHU IMPOBE-
nennu apdunaxa MIIT" noHHBI 0OMeH NpUMEHsETCs JOCTaTOYHO peako. Cesza-
HO 3TO, C OJHOW CTOPOHBI, C T€M, YTO IMOJABIIsAIOLIee OOJIBIIMHCTBO PadOT, B KO-
TOPBIX paccMarpuBaercst copouus MIIIT, HampaBIeHO HA BHITOJIHCHUE aHAUTH-
yeckux 3anad (koHueHTpupoBanue MIIIT u ux mocnemyroliee aHAIUTHYECKOE
OIIpeeNICHNE) ¥ BBIIIOIHEHO IIPU HUCIOIb30BaHUN SKCIEPUMEHTAIBHBIX 00pa31oB
MOHHTOB, a pabOTHI, MOCBSIIEHHBIE MPUMEHEHNIO HOHHOTO OOMeHa ISl peIIeHHUs
TEXHOJIOTMYECKHX TIPOOJIEM, BBINIOJIHEHBI, B OCHOBHOM, C HCIOJBb30BaHHEM
MIPOMBIIIUIEHHBIX KOHJIEHCAIIMOHHBIX MOHUTOB, HE MPOSBISIONIUX BBIPAXKEHHYIO
cesnlekTuBHOCTh K MIII 1 ycTynaromux no 3KCIUTyTallHOHHBIM CBOMCTBAM I1OJIH-
MEpU3allMOHHBIM HOHUTaM. MMeroTcsi ompeesieHHbIe MPOoOJIeMbl U ¢ BBIOOPOM
MOHMUTOB ISl U3BJICUYCHUS TJIATHHBI U NMaJUIaAus U3 pacTBOPOB, MOIYYaeMbIX MpU
nepepaboTke OTpabOTAaHHBIX KaTaIH3aTOPOB B HE(MTEXUMHUYECKON NMPOMBIIIICH-
HOCTH II0 TE€XHOJIOTMH, OCHOBAHHOW Ha BBIIIECJAYMBAHUM LIEHHBIX KOMIIOHEHTOB
IIyTEM THIPOXJIIOPUPOBAHUSI.
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Mexnay tem, Omaromaps mporpeccy B 00J1acTH CHHTE3a HOHOOOMEHHBIX Ma-
TEpUaJIOB, B HACTOSILEE BpeMsl MOTPEOUTENSIM CTald JOCTYIMHBIMH IIPOMBIII-
JICHHBIE TOJIMMEPHU3AllMOHHBIE HOHOOOMEHHBIE CMOJIBI € pa3HOOOpa3HBIMU
(YHKUMOHANBHBIMU TpynmaMu. EcTb OcCHOBaHWE HaJesTbcs, 4yTO, Ojarogaps
MPUMEHEHUIO HEKOTOPBIX M3 TaKMX HOHUTOB OKAKETCS BO3MOXKHBIM PELIMTH
3agaun riayookoro goussiedeHuss MUIT u3 oTpaboTaHHBIX adPUHAKHBIX pac-
TBOPOB M W3BJICYEHHUS IUIATHHBI M TMANIaAUA U3 JE€3aKTHBHUPOBAHHBIX KaTalH-
3aTopoB Hedrexumuu [1].

B pabote mpencraBiieH 0030p MO COpOITMOHHOMY HM3BJICYCHHIO MOHOB ITaj-
Ta/IAS.

Pa3zpaboran meton ompenenenns namtamus (II) ¢ wmcmomb3oBaHmeM coro-
JUMEpa MaJIeMHOBOTO aHTUAPHUA-CTHPOIIA, MOTU(PHULINPOBAHHOrO 1-aMuHO(EHO-
2-runpokcu-4-cynbdokucinorodr u ¢dopmanpaerugoM. HOBBI TOIMMEpHBIN
copbeHT wuumeHTHQUIHpPOoBaH MeTogoM MK-crmekrpockonuu. YCTOWYMBOCTH K
TeMIIepaType copOeHTa HCClleIoBaHa TepMOrpaBUMETpUIecKUM MeTooM. Mccie-
JoBaHa copOuus u gecopOuus moisydyeHHoro copoenta ¢ nonom namwiagus (1) n
orpeesieHbl ONTHMAJIBHBIE YCIOBHS KOHIEHTpUpoBaHus. CopOIoHHO-(poTOMET-
pHUecKas METOAMKa BKIIIOYAaeT copOLUMOHHOE KOoHIeHTpupoBanue namtamus (1I)
oydepubim pactBopom (pH 4), aecop6iuto pacrBopom HCI (pu kotopom cte-
nieHb jgecopOiu pocturaet 98 %). Meronuka UCIONB30BaHa i ONPEICICHUS
MayuTaiis B CTaHAApTHON MarMarudeckoi ropHoi mopoae MO-3 [2].

ABTopamu [3] ncciaemoBaHO BIMSIHHE CTETICHH CYNTb()OITHIMPOBAHHS TTOJH-
aMUHOCTHPOJIa Ha COPOIMIO XJIIOPUAHBIX KoMIulekcoB ratuubl (IV), mammagms
(I) u 3omora (III) U3 WHAMBHIYaTBFHBIX WU MHOTOKOMIIOHEHTHBIX PacTBOPOB B
npucytcteun noHOB Mean (II), kobansra (1), aukens (1), muaka (1), kagmus (11)
n cepebpa (I). V3 monmy4yeHHBIX AaHHBIX CIENaH BBIBOJ, YTO CTENEHb CYJb-
($OSTUIMPOBAaHUS TOJUAMUHOCTHPOJIA B 3HAUYUTEIFHOW Mepe BJIHMACT Ha H3BIIC-
YeHUE XJIOPUIHBIX KOMIUIEKcoB HOHOB matuHbl (IV). [lpu yBenuueHnn crenenu
MOIU(PHUINPOBaHUS COPOLUS JaHHBIX MOHOB METAJUIOB 3aMETHO YMEHBIIACTCS.
Jna xnopuaHsix kKomiuiekcoB noHoB namnaaus (II) u 3omota (I1I) ananornyxoH
3aKOHOMEPHOCTH HE OOHapy)keHO. V3yueHbl pereHepallMOHHBIE CBOWCTBA COp-
OeHTOB. BBISBICHO, UTO JYYIIUM PETreHEPAHTOM SIBIISCTCS COJISTHOKUCIHBIA pac-
TBOP THOMOUYEBHHBI, IIPH HCIIOJIb30BAHUU KOTOPOTO CTENEHb NECOPOIMU HOHOB
0J1aropoJHBIX METAIJIOB MAKCUMAJIbHA.

Hns wm3Bneuenus cepebpa (I), mmatuusl (IV) u mammaamsa (1I) n3 pas3bas-
JICHHBIX BOJHBIX CHUCTEM IPEIUIOKEH IOJMCHIOKCAH C NPUBUTHIMH TPyIIaMU
py6eanoBogoponHol KucaoTel. COpOEHT BIIepBbIe CHHTE3UPOBAH C IPUMEHEHHEM
COBPEMEHHOH 30JIb—TeNb-TEXHOJOIMH WU XapaKTepU3yeTCs] BBICOKOH CTEIEHBIO
MOIU(PHUIMPOBAHUS TOBEPXHOCTH; KOHLUEHTPALUS PUBUTHIX AUTHOOKCAMUIHBIX
rpymn gocturaer 0,90 mmons/r. Iloctpoensl u3zorepmbl copbumu cepebdpa (I),
mwiatusbl (IV) n namnagus (II) w3 wHAMBMAyanbHBIX pacTBOpoB. lIpoBenena
MaTeMaThyeckas oO0paboTKa TIONYyYEHHBIX KpPUBBIX YpaBHEHUSMH MOjeien
Jlenrmropa, PDpelingnuxa, Penmuxa—Ilerepcona, Jlenrmropa—®pelinmpmxa u
Tora, B pe3ynbraTe 4ero OmpejaescHbl 3HAYCHUsS OOMEHHOW €MKOCTH MOaupu-
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LUPOBAHHOTO TMOJMCHIOKcaHa. [lokazaHo, 4TO copOeHT 00nazaeT XOpOLIMMHU
€MKOCTHBIMH XapaKT€pPUCTUKaMU M €r0 MOXKHO HCIOJB30BaTh Il HAKOIUICHUS
00JIBIINX KOJIMYECTB HOHOB OJIArOPOIHBIX METAJLIOB [4].

B pabGote [5] obOocHOBaH MeTOJ NPUBUBKH JUTHAKpayH-3(uUpa U €ro
JIMHEWHOTO aHaJIora K TOBEPXHOCTH KPEMHE3eMa, MPeayCMaTPUBAIOINNA TpeBa-
pUTENIbHBIA CUHTE3 KPEMHHHOpPraHWu4ecKoro mpousBojHoro. IloguepkHyTa Bax-
HOCTH CTaJIN¥ allWJIMPOBAHMS B Tporiecce MpuBHUBKH. OHa HeoOXoauMa I Tpe-
JOTBpAIlleHUs] COpPOIMH KOMIUIEKCHBIX aHHMOHOB IUIATHHOBBIX METAJIOB II0
AHMOHOOOMEHHOMY MEXaHH3MY, BEPOATHOCTh KOTOPOTO PACTET 3a CHET IMPOTOHH-
poBaHHA crieiicepa B KUCIOH cpefe. V3ydeHo B3anMOIIEHCTBIE HOHOB TMaJlTaus
(I) ¢ TpUBUTHIMU JIMTAaHIAMU B COJISTHOKHCIBIX cpefax. MakpOIMKIHYECKUH
3¢ ¢eKT He BHOCUT 3aMETHOTO BKJIaAa B cBsA3bIBaHue noHoB namnaaus (11), n mis
CO3JIaHHsl COPOCHTOB JJIsl MOJIEKYJIIPHOTO PACHO3HABAHHA HOHOB IJIAaTHHOBBIX
METAJIJIOB MPEIMOYTUTEIHHO UCTIOIb30BaTh JMHEWHBIE JTUTaH/IbI.

Hns wzBneuenns mamnaaus (II) m3 pactBopa Ha (hOHE COMYyTCTBYIOIIUX
KOMIIOHEHTOB aBTOpaMu [6] MPEIIOKEH IMONHUCUIOKCAH, MOIUPUIIUPOBAHHBIN
rpymmamMu  pyb6eanoBomopoaHoir kucioTel (ATOAII). CopOeHT cHHTE3MpOBaH
BriepBhie B MHCTHTYTEe OopraHmdeckoro cuaresa YpO PAH ¢ mcmoms3oBanneM
«3omb-renby-TexHonorun. Copbruro mnamragust (II) mpoBogmmum B ycioBusax
KOHKYPEHTHOT'O TIPOIlecca B MPUCYTCTBUU 9 BO3MOXKHBIX COITYTCTBYIOIIUX HOHOB
metaioB. B uaTepBane pH ot 1,0 mo 4,0 namnanuii (II) B cTaTnyeckux ycmoBHsix
KOJIMYECTBEHHO U celekTuBHO u3Bnekaercss Ha [ITOAII u3 pactBopa, conep-
KaIero HOHbI MePeXOIHBIX METAJUIOB, B TOM 4ucie miatuasl (IV). g monHoro
uzBneuenus nawtagus (1) B ¢pasy copobenta neodbxoanmo 30 mun. [lokazano, uyto
copOuust namnagus (1) umeer oOpaTuMbIil XapakTep, KOJTHYECTBEHHAs AecOopOLus
HOHA METajla C MOBEPXHOCTH cOpOeHTa BO3MOXKHA ¢ mpuMeHeHueM 1 %-ro
pacTBopa THOMOYEBHHBI B 1 M comnsHoii kucnore. [lpu copbunn B TMHAMHYECKUX
yCIOBUSIX MocTUTHYyTO oTxaenenue namiaaug (II) ot mmatussr (IV) u comytcr-
BYIOIINX MOHOB HEOJIaropomHbIX MeTayuioB. YcraHoBieHo, yTo ATOAII komm-
gecTBeHHO u3BIekaeT a0 0,2 mmons/r mamtamus (I1). Paspaborama mertommka
aToMHO-abcopOunonHoro onpenenenus namwianus (II) ¢ mpengBapuTenbHBIM KOH-
LEHTPUPOBaHUEM Ha MOIU(MUIIMPOBAHHOM TOJHCHIOKCAHE, KOTOpas ampoowu-
pOBaHAa TpU aHaJIW3€ MOJEIBHBIX W IPOMBIIUICHHBIX PACTBOPOB C BBICOKHM
COJIEBBIM (DOHOM.

W3yueHo BIMSHUE CTENEHH 3aMELICHHUs CYJIb(OITHIMPOBAHHOTO XUTO3aHA,
CILIUTOTO TIYTapOBBIM aJIbJIETUAOM, Ha COPOIMIO XIOpUAHBIX KoMiuiekcoB Pd (I1)
U3 pacTBOPOB CIIOKHOTO cocraBa B npucyrcteuu Pt (IV), Cu (1), Ni (II), Co (II),
Cd (II), Zn (II). YcraHOBIEHO, YTO COPOLIMS UOHOB HEOIATOPOIHBIX METAIOB B
yenoBusix akcnepumenta pu pH 0,5-5,0 mpakTuyecku TOTHOCTHIO MOAABIISIETCS.
Haubonee 3HaunrtensHOe Memaromiee BiausHue Ha copouuio Pd (II) okaseiBaer
Pt (IV). Ha ocHoBanmm pacdera kodddurmeaToB cenekrnBHocTH KPd/Pt moxka-
3aHO, YTO C YBEJIIMUCHUEM CTEIeHHU 3amernieHus xuro3ana ot 0,3 mo 0,5 Bospac-
taeT cenekruBHOCTE copbrmu Pd (II) mo cpaBrenmio ¢ monamu Pt (IV). Ilomy-
YeHbl WHTeTpalibHble KuHeTndeckue KpuBble copOimu Pd (II), mpoBenena mare-
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MaTu4deckas 00paboTKa MOTydeHHBIX 3aBUCUMOCTEH MoAensaMu AudPy3noHHON 1
XUMHYECKON KWHETHKH. YCTaHOBJEHO, YTO pPaBHOBECHE B CHCTEME pacTBOP
xnopuna nautagus (I1)-copbent mocturaercs B Tedenue 40 MUH KOHTakTa (has.
[lokazano, yto KonmuecTBeHHas aecopouusi Pd u Pt ¢ moBepxHocTH copbeHTOB
JOCTHTaeTCsi B AMHAMHYECKHX YCIOBMAX P MCIONB30BAHHH 3,5 MOJb M
pacTBopa XJIOPOBOJOPOAHON KHCIOTHI [7].

B pabote [8] aBropamu uzyuena copb6uus Pd (II), Ag(l) u Cu(Il) u3
A30THOKHCIIBIX PACTBOPOB KpeMHE3eMaMH, XMMUYECKA MOAU(DUIMPOBAHHBIMH Y-
aMUHOIIPOMIITPUITOKCHCHIAHOM. Ha ocHOBaHWM WccieqoBaHWsA TBEpABIX (a3
merogamu K- ¥ peHTTeHOBCKOW (POTORIEKTPOHHOW CIEKTPOCKOIHH, TEPMO-
IpaBUMETPUN BBICKA3aHO TMPEATIONIOKEHNE, YTO TPU COPOIUH MaIaans U3
A30THOKHUCIIBIX PACTBOPOB MMEIOT MECTO CJEIYIOIIHE MPOIECCHl: KOOPAMHAIUS
VMOHOB TMaJUIafinisi K aToMaM a30Ta (yHKIIMOHAIBHOM TPYIIIBI, B3aUMOCHCTBHE
WOHOB TaJIa[usid C KPEMHE3eMHOH MaTpuIleil, a Takxke OOpa3oBaHHE IIOJIH-
SIIEPHBIX KOMIUIEKCOB. B KauecTBe AecopOeHTa majiaansi NpeasioKeHO HCIOIb-
30BaTh 5 %-HbIA pactBop THOoMoueBHHEI B 0,1 M HCL. OmnpeneneHo, uto Bpems
YCTQHOBJICHUS! TIOCTOSHHBIX 3HAUYEHHH COpOLMM B CTAaTHUECKHX YCIOBHIX
cocrapisier, muH: st Ag (1) — 10, mis Cu (1) — 20, Pd (1) — 30. Psn
cOpOMpPYEMOCTH HOHOB B OJMHAKOBBIX ycioBusAx u3 2 M HNO; cnenyrommuii:
A Ag () > A Pd (II) >> A Cu (I). IIpu 5TOM U3 pacTBOPOB ¢ KOHIICHTpaIHen
HNO; < 1 M nonsl cepebpa He COPOUPYIOTCS, YTO CO3ACT MPEATIOCHUIKH IS X
pasaeneHus..

UccnenoBansl [9] copbums u mecopOumsi WOHOB cepedpa W maymiaaws w3
BOJHBIX PAacTBOPOB Ha YIJIEPOIHBIX HAHOTPYOKax, CHHTE3UPOBAHHBIX INPH paz-
JIUYHBIX YCJIOBHAX METOJIOM OCaxIeHHs W3 ra3oBod ¢azel (CVD) m okucnu-
TeNbHO (DYHKIIMOHAIM3UPOBAHHBIX TOCienyromeid odbpadboTkoit. Ilokazano, 4to
3HAYHUTENIFHOE pa3jiinyhe B COPOLIMOHHOW €MKOCTH 00pa3lioB, OKHCICHHBIX MpPH
onuHakoBbIX yCIOBUAX (HNO; (o, T = 120 °C), 00ycCIOBICHO H3MEHEHUEM
YyCIOBUH CHHTe3a (TeMIepaTypsl W THIIA KaTaiuu3aropa). V3ydeHbl OCHOBHBIC
XapaKTePUCTUKU COpPOEHTa M IOKa3aHO ero MPEeUMYIIECTBO B CPAaBHEHHH C
AaKTUBHPOBAaHHBIM yIJIeM U JpyrumMu copOeHTamu. MccieqoBaHbl H30TEPMBL
copbumu Ag” u Pd®" B 3aBHCHMOCTH OT pPa3sIMUHBIX MAPAMETPOB, HAMICHBI
ONITHMAJIbHBIE YCIIOBUS KOHIEHTPHUPOBAHUS DJJIEMEHTOB B IHHAMHYECKOM pe-
xume. [locmemyronuii anann3 KOHIIEHTpaTa B DIIOMPOBAHHOM PAacTBOPE OCYIIE-
CTBIISIITM METOAOM aTOMHO-aOCOPOITMOHHOW CIIEKTPOMETPHH C aTOMHU3aIluel B
mwiameHn (AAC), a B TBepmoil Qasze, W3BICUCHHOH W3 KOJOHKH, — METOIOM
ATOMHO-OMHUCCHOHHOW crieKTpoMeTpun ¢ AyroBbiM pazpsamom (ADC). Ilpoxe-
MOHCTPHPOBaHBI BBICOKAsl CTeleHb KoHIeHTpupoBaHus (200—600) u momHOTa
u3BneueHus (Beie 95 %) wncciiemoBaHHBIX 3JeMeHTOB. llomydeHHble B 3THX
yenosusix mpezens! onpexenerus (II0) Ag™ u Pd* npu X o = 300 MeTomoM
ADC —5-10% 1 1-107 % macc.; AAC — 0,3 u 0,8 HI/MJI COOTBETCTBEHHO, YTO Ha
JIBa TIOpSAKa JIydlle, 4eM IIpH NpsSMOM orpeneneHuu. [IpaBunbHOCTE ompene-
JIEHUs] TIOATBEpPXkJE€HA METOJOM «BBEJEHO - HailIeHO», a TaKXKe CpaBHEHHEM
pe3yaBTaTOB 0OOUX METOJIOB.
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Astopsl [10] ycranoBunu 3akonomepHoctu cop6oumu Pt (IV) u Pd (II) u3
CyIb(aTHO-XJIOPUAHBIX PACTBOPOB HAa HOBOM OPTraHOMHHEPaIbHOM COpOEHTE,
[IOJIyYeHHOM HaHECEHHEM IIOJIMaHWINHA Ha IOBEPXHOCTh YTJEPOJ-MHHEpaIb-
Horo martepuana. [lokazaHO, YTO €MKOCTh COpPOEHTa IO IJIATWHOBBIM METaJljiaM
He cHmkaercs B npucyrcTtBun noHoB Cu (II). [IpucyrcrBme xmopun-, cyiasdar-,
OKCaJaT-uOHOB B pacTBOpe B KOHUEHTpauusax, B 10-50 pa3 mnpesblmarommx
KOHIIEHTPAINIO IJIATHHOBOTO METajula, CHWXaeT ero copbmmio Ha 15-30 %.
MonudunupoBaHHbIii COPOSHT MpUMEHsUICA s u3BiedeHuss uoHoB Pd (II) u3
pacTBopa OTPabOOTaHHOI'O TOMOTIEHHOI'O MEIHO-IAaJUIAANEBOr0 KaTaln3aTopa
mporecca IMPOMBIIIJICHHOIO IOJydeHHs aleTaipieruna. B pacTBope kaTamu-
3aTopa OIpENeiICHO cojepkaHue ocHOBHbIX kommoneHToB — Pd (II), Cu (II),
XJIOPUIIOB, CyIb()aTOB M OKcaNaT-nOHOB. CTeNeHb U3BJICUCHUS MajIaans 3a OTHY
craauro coctasmiia 95,3+0,3 %.

B [11] u3ydeHsl cBoiicTBa COPOCHTOB Ha OCHOBE CHIIMKAreys, MOAU(DUIIH-
POBaHHOTO a30THAPAa30HHBIME ((OPMa3aHOBBIMH) TPYyMIIAMH 110 OTHOLICHHUIO K
HOHaM OJIaropoJHBIX MeTaiioB. OMUCaHO TOJy4YeHHE COPOSHTOB C pazMepoM
YacTHUIl OKOJO 6 MKM. YCTaHOBJIEHBI OCHOBHBIE KOJIMYECTBCHHBIE XapaKTepHC-
TUKA 3QPEKTUBHOCTH H3BJICUCHHS] HOHOB OJIATOPOAHBIX MeTayuioB. OmnpeneneHs
ONITHMAJIbHBIE YCIIOBUS COPOIIMM METAJIOB M TIOKAa3aHO, YTO MOJYYEHHBIE COp-
OeHThl Hanbosee APGEKTUBHO U3BIIEKAIOT 30JI0TO U TaJUTaUH.

B [12] aBTOpaMu BBITTOIHEHBI YKCIIEPUMEHTAIFHBIC UCCIIEAOBAaHUS COPOITUU
XJIOPUIHBIX KOMIUIEKCOB 30JI0Ta M Ha/UIafus TYMUHOBBIMU KHCJIOTaMH, BBIIE-
JICHHBIMHU U3 Topda. YCTaHOBJIEHO, YTO TYMHHOBBIE KHCIOTBI CIIOCOOHBI BOCCTa-
HaBJIMBaTh 30JI0TO C 0Opa3oBaHMEM HAHOYACTHL[ Ha IOBEPXHOCTH. B3ammo-
JeCTBIE TYMHMHOBBIX KHCIOT C DPacTBOpaMH Maijiagusl OCTAaHABIMBAETCS Ha
craguu copOunu. [lokazaHo, YTO BEPOSTHOCTH BOCCTAHOBJIICHUS MOHOB Oiaro-
POIHBIX METAJUIOB OIPENeNsieTCsl COOTHOIIEHHEM OKHCIUTEIbHO-BOCCTAHO-
BUTEJILHBIX TIOTCHIINAJIOB PEarupyIOINX BEIICCTB.

Takum o00pa3oMm, copOIHMOHHAS TEXHOJOTHS TI0 W3BJICUYCHHUIO TaJIaIWs
MpescTaBisgeT coboit oanH u3 A(PPEKTUBHBIX METOJIOB MPEABAPUTEIBHON U
riyOOKOH OYHMCTKH OT PACTBOPEHHBIX BEIIECTB CTOYHBIX BOJ MPEIIPUSTHN
Pa3NUYHBIX OTpacield MpOMBIIIICHHOCTH. lIpenMyiiecTBaMi AaHHOTO METOAA
SIBIISIIOTCS. BO3MOXKHOCTD TOTJIOIIEHHSI BEIIECTB U3 MHOTOKOMIIOHEHTHBIX CMecer
1 BBICOKAsl CTEIICHb W3BJICUCHHUS.

JIUTEPATYPA

[1] AGosckuit H.[I. Copbrus mamnaaus (1), maatuasr (II) 1 mnatuast (IV) U3 XIOpHIHBIX
pPacTBOPOB Ha MOHHTAX C Pa3iMYHbIMH (DYHKIHOHAJIBHBIMHU rpynnamu: ABToped. Ouc. ... K. X. H.:
05.17.02. — Canxkr-Iletepoypr, 2008. — 20 c.

[2] AbunoBa Y.M., lNammmosa D.H., UsiparoB @.M. Onpenenenne namtaaus (II) B marma-
THYECKOH TOpHOH mopoje Nociae KOHLEHTPUPOBAHHS XeJIaTooOpasyrommM copoeHToM // OTXompl,
HPUYUHBI UX 00pa30BaHUs M MEPCNEKTUBbI UcHonb3oBaHus. — Kpacuonap, 26-27 mapra 2019 1. —
C. 167-169.

[3] Mapuyk A.A., Anudxanosa JI.M., [lerposa 10.C., Heynaunna JI.K. Bausaus creneHu
CyNb(GOITUIHPOBAHUS NOJHAMUHOCTHPOJIA HAa CENEKTUBHOCTh COPOIMH HOHOB OJIArOPOAHBIX Me-
TaJIoB // AKTyanbHBIE IPOOJIEMBI Pa3BUTHS €CTECTBEHHBIX Hayk. — EkarepuuOypr, 2018. — C. 94-98.

96



ISSN 1813-1107 Ne 4 2019

[4] Heynauuna JL.K., Xonmmoroposa A.C., ITy3sipe 1.C., 'anmena 3.P. O6MeHHast eMKOCTB
HOHHUTOB Ha OCHOBE ITOJMCHJIOKCAHOB, MOJU(UIMPOBAHHBIX ITUTHOOKCAMUIHBIMH TPYMIaMH, IO
oTHoeHuto k cepedpy (I), mratune (IV) u namnaguro (1) // XKypnan ¢puznueckoit xumun. — 2018. —
T.92, Ne 11. - C. 1779-1785.

[5] Bycnaera T.M., bognaps H.M., I'pomos C.II., Konsuiosa E.B., Jlucuukun I'.B., Opnux I'.B.
Pone Mmakpormkimaeckoro 3¢gdexra B kommmiekcoodpazosannu namutaaus (1) ¢ nurangamu, 3axpen-
JICHHBIMHU Ha TBepAoM HocuTene // U3Bectus Akagemun Hayk. Cepust xummdeckas. — 2018, — Ne 7. —
C. 1190-1195.

[6] XommoropoBa A.C., Heymaumna JIL.K., 'ammeBa 3.P., llakuposa E.A., Ily3spes U.C.
CopbunoHHO-aTOMHO-a0copOronHoe onpexaeneane namianus (II) B BoqHBIX pacTBopax ¢ mpHuMe-
HEHHWEM JUTHOOKCaMHMIMPOBAHHOIO MOJIMCHIIOKcaHa // 3aBonckas jaGoparopus. JlMarHocThka
marepuaioB. — 2018. — T. 84, Ne 3. — C. 5-13.

[7] Kanuranosa E.W., M6parumoBa A.A., Iletposa 10.C., IlectoB A.B., Heynaunna JI.K.
BinusiHue creneHn Cynb(pOITHIMPOBAaHMS XHTO3aHA HAa COPOLMIO XJIOPHIHBIX KOMIUIEKCOB M-
nazaus (1) 13 pactBopoB ciiokHOro cocrasa // KypHan npuknanHoit xumud. — 2018, — T. 91, Ne 2. —
C. 249-256.

[8] Bomukosa E.B., Bopsiruna 11.B., Bycnaesa T.M., Ao A.A., bograps H.M., Opmux I'.B.
Cop6uns nmamtagus (1) #3 a30THOKHUCIBIX PaCTBOPOB KPEMHE3EMOM, MOANHIPOBAHHBIM aMUHO-
rpynmnamu // W3BecTrst BBICIIMX ydeOHbBIX 3aBeneHWi. [[BetHas mertammyprus. — 2016. — Ne 3. —
C. 12-19.

[9] I'paxxynene C.C., Tenerun I'.®., 3onorapea H.U., Penpkun A.H. Onpenenenue cepedpa
U NauIaaus METOJaMH aTOMHOM CIIEKTPOMETPHM IOC]e COPOLMOHHOTO KOHLEHTPUPOBAHUA Ha
YTJIIEPOAHBIX HAHOTPYyOKax // 3aBoackas naboparopus. JnarHoctuka matepuainos. — 2015. — T. 81,
Ne 8. - C. 5-10.

[10] Anmeesa JI.H., unenko T.A., Ilomeitkunaa E.H., BakyHoBa M.C., Bop6ar B.®. Cop6-
nuonHoe n3BiedeHue Pd (II) u3 pactBopa 0TpaboTaHHOrO rOMOT€HHOTO MEAHO-TIAIUIAANEBOTO KaTa-
JIM3aTOpa MOAU(HIIMPOBAHHBIM YTIIEpOIMUHEPANTEHBIM copbenToM // 1BeTHBIE MeTabl. — 2014. —
Ne 5(857). — C. 30-33.

[11] Konmuna JI.H., Konmma B.B., xennoga P.X., Illkunes B.M., lanunosa T.B., Kapan-
nameB B.K. IlonyueHne u mccnenoBaHHe CBOMCTB CHIMKareiaeld ¢ KOBaJEHTHO MMMOOMIM30BaH-
HBIMHU a30THIPa30HHBIMU ((pOpMa3aHOBBIMH) TPYTIIAMH IS U3BJICYCHHUS OIArOpOJHBIX METAJIIOB //
CopbuunonHsle U xpomarorpagpudeckue npoueccol. —2014. — T. 14, Ne 3. — C. 485-493.

[12] Pagomckast B.U., Hockosa JLII., [TaBmoBa JI.M. B3aumozelicTBue XJIOPUIHBIX KOMII-
JIEKCOB 30JI0TA U MaJUIagus ¢ TYMHHOBBIMH Kuciotamu // BectHuk MpKyTckoro rocy1apcTBeHHOTO
TexHH4Yeckoro yHuBepcuteta. — 2014. — Ne 8 (91). — C. 62-68.

REFERENCES

[1] Abovskij N.D. Sorbcija palladija(Il), platiny(Il) 1 platiny(IV) iz hloridnyh rastvorov na
ionitah s razlichnymi funkcional'nymi gruppami: Avtoreferat dis. ... k. h. n.: 05.17.02. Sankt-Peter-
burg, 2008. 20 p.

[2] Abilova U.M., Gashimova Je.N., Chyragov F.M. Opredelenie palladija (II) v magmati-
cheskoj gornoj porode posle koncentrirovanija helatoobrazujushhim sorbentom // Othody, prichiny
ih obrazovanija i perspektivy ispol'zovanija. Krasnodar, 26-27 marta 2019. P. 167-169.

[3] Marchuk A.A., Alithanova L.M., Petrova Ju.S., Neudachina L.K. Vlijanija stepeni sul'fo-
jetilirovanija poliaminostirola na selektivnost' sorbcii ionov blagorodnyh metallov // Aktual'nye
problemy razvitija estestvennyh nauk. Ekaterinburg, 2018. P. 94-98.

[4] Neudachina L.K., Holmogorova A.S., Puzyrev L.S., Galieva Z.R. Obmennaja emkost'
ionitov na osnove polisiloksanov, modificirovannyh ditiooksamidnymi gruppami, po otnosheniju k
serebru (I), platine (IV) i palladiju (I) // Zhurnal fizicheskoj himii. 2018. Vol. 92, N 11. P. 1779-1785.

[5] Buslaeva T.M., Bodnar' N.M., Gromov S.P., Kopylova E.V., Lisichkin G.V., Jerlih G.V.
Rol' makrociklicheskogo jeffekta v kompleksoobrazovanii palladija (II) s ligandami, zakreplennymi
na tverdom nositele // Izvestija Akademii nauk. Serija himicheskaja. 2018. N 7. P. 1190-1195.

97



XUMWYECKHH )KYPHAJI KA3AXCTAHA

[6] Holmogorova A.S., Neudachina L.K., Galieva Z.R., Shakirova E.A., Puzyrev 1.S. Sorb-
cionno-atomno-absorbcionnoe opredelenie palladija (II) v vodnyh rastvorah s primeneniem ditio-
oksamidirovannogo polisiloksana // Zavodskaja laboratorija. Diagnostika materialov. 2018. Vol. 84,
N 3.P.5-13.

[7] Kapitanova E.I., Ibragimova A.A., Petrova Ju.S., Pestov A.V., Neudachina L.K. Vlijanie
stepeni sul'fojetilirovanija hitozana na sorbciju hloridnyh kompleksov palladija (II) iz rastvorov
slozhnogo sostava // Zhurnal prikladnoj himii. 2018. Vol. 91, N 2. P. 249-256.

[8] Volchkova E.V., Borjagina 1.V., Buslaecva T.M., Ablicov A.A., Bodnar' N.M., Jerlih G.V.
Sorbcija palladija (II) iz azotnokislyh rastvorov kremnezemom, modificirovannym aminogruppami
// 1zvestija vysshih uchebnyh zavedenij. Cvetnaja metallurgija. 2016. N 3. P. 12-19.

[9] Grazhulene S.S., Telegin G.F., Zolotareva N.I., Red'kin A.N. Opredelenie serebra i
palladija metodami atomnoj spektrometrii posle sorbcionnogo koncentrirovanija na uglerodnyh
nanotrubkah // Zavodskaja laboratorija. Diagnostika materialov. 2015. Vol. 81, N 8. P. 5-10.

[10] Adeeva L.N., Didenko T.A., Pomytkina E.N., Vakunova M.S., Borbat V.F. Sorbcionnoe
izvlechenie Pd (II) iz rastvora otrabotannogo gomogennogo medno-palladievogo katalizatora
modificirovannym uglerodmineral'nym sorbentom // Cvetnye metally. 2014. N 5(857). P. 30-33.

[11] Konshina D.N., Konshin V.V., Dzhenloda R.H., Shkinev V.M., Danilova T.V., Karan-
dashev V.K. Poluchenie i issledovanie svojstv silikagelej s kovalentno immobilizovannymi azogid-
razonnymi (formazanovymi) gruppami dlja izvlechenija blagorodnyh metallov // Sorbcionnye i
hromatograficheskie processy. 2014. Vol. 14, N 3. P. 485-493.

[12] Radomskaja V.I., Noskova L.P., Pavlova L.M. Vzaimodejstvie hloridnyh kompleksov
zolota i palladija s guminovymi kislotami // Vestnik Irkutskogo gosudarstvennogo tehnicheskogo
universiteta. 2014. N 8(91). P. 62-68.

Pesrome
E. E. Epzoocun, T. K. Yanos, E. A. Menvnukos

OPTYPJII OP'AHUKAJIBIK KOCBUIBICTAP HETT3IHJE
HNAJUTAJUW I COPBLAJIBIK BOJIIIT AJTY

Monmy makanacblHOa MaUIaIUi HOHJIAPBIH 9P TYPJi TaOWFATTaFrbl CHHTETHKAJIBIK
HOHHUTTEPMEH OOl ary KapacThIPBUTFaH.
Tyiiin ce3nep: cHHTE3, HOHUTTEP, COPOIIHS, TTaTUIATHN.

Summary
E. E. Ergozhin, T. K. Chalov, Ye. A. Melnikov

SORPTION EXTRACTION OF PALLADIUM BASED
ON VARIOUS ORGANIC COMPOUNDS

In a review article, sorption extraction of palladium ions by synthetic ionites of
various nature is considered. The optimal concentration conditions are shown and deter-
mined. Sorption isotherms are constructed from individual and multicomponent solutions.
It was shown that the considered sorbents have good capacitive characteristics and can be
used to accumulate large quantities of noble metal ions.

Key words: synthesis, ion exchangers, sorption, palladium.
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METAL-ORGANIC FRAMEWORKS BASED
ENERGY PROPELLANT: EFFECT ON COMBUSTION
OF AMMONIUM NITRATE AND MAGNESIUM COMPOSITION

Abstract. In order to obtain a better understanding of thecombustion characteristics
of ammonium nitrate (AN) andcarbon (C) mixtures (AN/C), burning tests and Differential
Scanning Calorimetry (DSC) were performed. Ammonium nitrate is widely used in rocket
fuels, in explosives and gas generators as an oxidant. However, several major drawbacks
have reduced the scope of the application.In order to improve these disadvantages of AN
in the composition of composites, energy materials useactivated carbonwith metal oxi-
desas a metal organic frameworks (MOFs). In addition, the influence of copper oxide on
the combustion of compositions and its thermal characteristics was studied. Compositions
were combusted at the pressure of 1 MPa, 2 MPa, 3 MPa and 3,5 MPa in the combustion
chamber and the burning rates were determined.With the addition of a metal oxide,
burning rate has increased for 2-3 times.The thermal characteristics of compositionswere
analyzed using DSC at different heating rates, andthe activation energy of the system was
calculated.

Key words: Energetic materials, ammonium nitrate, activated carbon, copper oxide,
burning rate, activation energy.

Introduction. Energy materials have several advantages: (1) do not consume
oxygen from the environment (chemical transformation reactions occur due to
internal oxygen resources; (2) it is possible to control the rate of a chemical reac-
tion in a rather wide range from burning to explosion (10-5 seconds); (3) allow in
the shortest possible time to obtain large amounts of the required energy for the
target application. The above listed advantages continue to attract the attention of
researchers for more than a hundred years, the results of previous work in this
area have opened up access to the development of technical progress that we have
today.

Metal-organic frameworks (MOFs) have attracted great attention because of
their intriguing molecular topologies and potential applications in chemical
separation, gas storage, drug delivery, catalysis and chemical sensor technology.
Particularly, MOFs could also be potential energetic materials because of their
high densities and high heats of detonation.The porous crystalline structure
attracts attention due to its high specific surface characteristics and the possibility
of changing their physicochemical properties by introducing metal centers [1].
However, the process for preparing these bulk polymers is expensive and
multistage. In this connection, it is of interest to search for alternative methods for
obtaining bulk materials, one of which are structures based on graphene oxide
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frameworks and activated carbon materials. The growing popularity of multilayer
graphene’s is due to the uniqueness of their physical and chemical properties. A
promising, simple and cost-effective method is the production of activated carbon
materials from plant wastes like rice husk or walnut shell [1-3].

Ammonium nitrate (AN) is widely used as a fertilizer and as an ingredient in
industrial explosives or oxidizing chemicals because it is relatively cheap, re-
leases almost 100% gaseous products when it reacts, and has a positive oxygen
balance (+20.0%).Recently, AN-based compositions have been investigated for
use as oxidizers of rocket propellants and gas generators for air bags, because AN
does not contain toxic halogens. However, AN has several disadvantages, such as
a low combustion performance, high hygroscopicity, and solid-state phase transi-
tions at temperatures below 100°C. Many combinations of combustible contents
and additives with AN have thus been explored in an attempt to improve these
properties [4, 5]. For example, AN-based compositions with metal oxides are
beneficial with respect to burning rate and hygroscopicity [6,7]. However, while
these studies have demonstrated the thermal properties and structures of mixtures
of AN with metal oxides, evolved gas analyses have not been carried out.

Understanding the thermal characteristics of AN and mixtures of AN with
combustibles and additives is necessary for enabling its general use in potential
new applications, such as propellants and gas generators. Consequently, this study
aimed to understand the mechanism of decomposition of AN-based mixtures,
with an emphasis on the analysis of the gases that evolve from AN, carbon, and
copper oxide (CuO) mixtures. Carbon is a typical combustible material, but there
are many different forms of carbon with different physical properties [8-10].

The purpose of this study is to evaluate the influence of carbon properties on
the combustion of AN/C and to clarify the relationship between combustion and
the thermal decomposition of AN/C.

EXPERIMENTAL

2.1. Materials and Propellant Samples. Activated carbon was obtained in the
Laboratory of Functional Nanomaterials of the Institute of Combustion Problems,
Almaty, Kazakhstan. Mechanical treatment (15 min) of ammonium nitrate (purity
99%) powder was carried out in a planetary mill. Ammonium nitrate was used as
an oxidizer in the condensed mixture with a diameter of 212-250pm. Magnesium
(Mg) was used as a fuel, and its diameter was 200um. The diameter of the metal
oxide particles was 60-70 um, and it acted as a catalyst. Nitrate cellulose was
used as a binder.

2.2. Measurement of Burning Characteristics. The diameter of compositions
is 6 mm and the length is10 mm. The process of combustion was studied under
gas pressure in the combustion chamber. Each sample was heated up and ignited
with nichrome wire. Each of the samples is ignited under a pressure of 1-3,5 MPa.
The combustion of compositions was registered using high-speed cameras. These
recorded videos were used to determine the burning rate. The degree of measu-
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rement error of 0.01 mm is measured from the dependence of the height of the
surface combustion.

All measurements were made 3 times under pressure and were calculated
using the average burning rate. If 1/3 of the sample is not ignited or does not burn
the burning rate is not determined. Figure 1 shows the equipment for practical
work.

Gaseous flow @ Pressure gauge

=
1

. Valves
Exit valve B w.
Power Combustion chamber kit b
supply l T
[ -

- -~ PC{meonitor)
(@ figh speed -

video camera ‘,
Pl o e | '

Vacuum pump

Figure 1 — Scheme of the combustion chamber
under pressure

2.3. Measurement of Thermal Decomposition Behavior. Thermal analysis is a
fast and effective method for studying thermal fires of energy materials. The
description of the thermal decomposition was investigated in a Differential Scan-
ning Calorimeter in temperature intervals from 30°C to 550°C.The equipment
operates in atmospheric pressure in a stream of nitrogen (300 cm’/min). DSC-TG
is working with the heating rate of (B) 5~20 K-min'.In DSC-TG equipment, the
standard line of DSC-TG was measured four times for each sample.

RESULTS AND DISCUSSION

3.1. Combustion characteristics. Figure 2 shows the mechanism of com-
bustion of AN/Mg composites in the combustion chamberat a pressure of 1 MPa,
2 MPa, 3 MPa and 3.5 MPa and depending on the increase in pressure the in-
creases in burning rate in the form of a line.

Figure 3 shows the mechanism of combustion of AN/Mg/C composites in the
combustion chamberat a pressure of 1 MPa, 2 MPa, 3 MPa and 3.5 MPa.

101



XUMWYECKHH )KYPHAJI KA3AXCTAHA

d d
Figure 2 — Burning images of AN/Mg Figure 3 — Burning images
composites at pressures of AN/Mg/Ccomposites at pressures
(a)— 1 MPa, (b) — 2 MPa, (a)— 1 MPa, (b) — 2 MPa,
(¢)—3 MPaand (d) — 3.5 MPa (¢)—3 MPa and (d) — 3.5 MPa

And a linear increase in combustion rates due to a linear increase in pressure
on composites AN/Mg/C. Compared with the AN/Mg system, the lower pressure
limit was reduced, and the burning rates increased the catalytic effect of activated
carbon. In addition, some of the disadvantages of ammonium nitrate have been
added. According to the experimental results, it can be seen that the propellants
are completely burned at high combustion rates.

Figure 4 shows the mechanism of combustion of AN/Mg/C/CuOcomposites
in the combustion chamberat a pressure of 1 MPa, 2 MPa, 3 MPa and 3.5 MPa.

In figure 4 also increases in burning rate due to increases in pressure for
AN/Mg/C/CuO. Compared with the AN/Mg system, the PDL was loweredand the
burning rates increased by the catalytic effect of CuO.

Characteristics of the burning rates of composite propellants AN/Mg,
AN/Mg/C and AN/Mg/C/CuO at different pressures are shown in figure 5.
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Figure 4 — Burning images of AN/Mg/C/CuOcomposites at pressures
(a) — 1 MPa, (b) — 2 MPa, (c) — 3 MPa and (d) — 3.5 MPa

—a— AN/Mg
—e— AN/Mg/C
18 —4— AN/Mg/C/CuO

e
N A

Linear burning rate, [mm/s]
=
o

0.5 1.0 15 2.0 25 3.0 35 4.0
Pressure, [MPa]

Figure 5 — Dependencies of the burning rates
of composites AN/Mg, AN/Mg/C and AN/Mg/C/CuO on the pressure
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When adding carbon and CuO, the burning rate of the propellant composites

increases by 3 mm-s™ in average at each pressure.

3.2. Characteristics of thermal decomposition. The characteristics of the heat
discharge of composites, prepared in different ways, were measured at different
heating rates by the DSC method. Figure 6 shows two exothermic peaks at
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Figure 6 — DSC curves measured at (a) =5 and (b) B =20 K min—1 forAN/Mg
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196.95°C and 261.43°C, starting from 165°C to 267°Coccurs the main decompo-
sition of ammonium nitrate:

NH,NO;— N,O + 2H,0 + Q.

(M

When activated carbon was added, a sharp decrease in heat absorbed by the
sample was noticeable from 261.43°C to 220.35°C (figure 7). With the addition of
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Figure 7 — DSC curves measured at (c) =5 and (d) B = 20 K min—1 forAN/Mg/C
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Figure 8 — DSC curves measured at (¢) p=5 and (f) p =20 K min™' forAN/Mg/C/CuO

CuO, the thermal decomposition temperature decreasedby 10°C (figure 8). The
addition of copper oxide to ammonium nitrate may affect as a catalyst to AN.
Based on the obtained results of DSC, it can be concluded that activated
carbon has a direct impact on the process of thermal decomposition of ammonium
nitrate, reducing the temperature of complete decomposition and the reaction rate.
It is established that the addition of activated carbon from affects the temperature
change of phase transitions during the decomposition of ammonium nitrate.

106



ISSN 1813-1107 Ne 4 2019

3.3. Kinetics of thermal decomposition. The activation energy is important in
the kinetics of thermal decomposition and is evaluated using the Kissinger me-
thod based on the DSC analysis. This method is widely used and does not re-
quirea detailed reaction model. The activation energy (E,) is calculated from the
total physical energy of the thermal decomposition and the total amount of
activation energy of the chemical reaction, and some researchers have studied the
activation energy of composite rocket fuel and solid high-energy materials using
the Kissinger method [11, 12].

According to the Kissinger method, E, is expressed by the following
equation:

E, _ din(BTy?)
® T ant @)

p
where T, - is the peak temperature of the DTA curve. E,- can be calculated from
the slope of the plot of ln(BTp’z) against Tp’l. E, can be expected to vary when T,
on the DSC curve changes with the addition of the catalyst.

The values of composites can be determined by the DSC values measured at
each heating rate in determining the activation (E,) of gas generators with f = 5,
10, 15 and 20 K-min™. Table 1-3 shows the calculated activation energy (E,)
according to the Kissinger method.

Table 1 — Calculation of the activation energy (E,) according
to the Kissinger method for the composition AN/Mg

Thax, °C 1/Tax Heating rate, K/min In(B/T"2)
261.43 1.870627 5 -9.52688
276.05 1.820830 10 -8.94216
283.52 1.796396 15 -8.58991
294.56 1.761463 20 -8.37838

slope -10.8327
E, 90062.32 J/mol
90.06 kJ/mol
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i

Figure 9 — Kissinger plot of AN/Mg composition

Figure 9 presents the results of calculations in the form of graphs reflecting
the slope of the heating rate constant as a function of the variable obtained as the
maximum decomposition temperature.As shown by the results of calculations,
obtained experimental data, the activation energy of the composition AN/Mg was
90.06 kJ/mol according to the Kissinger method.

Table 2 — Calculation of the activation energy (E,) according
to the Kissinger method for the composition AN/Mg/C

Tinax, °C /T max Heating rate, K/min In(B/T"2)
220.35 2.026342 5 -9.18661
240.60 1.946472 10 -8.66839
242.61 1.938886 15 -8.27949
248.52 1.916921 20 -8.03973

slope -9.9587
Ea 82795.65 J/mol
82.80 kJ/mol
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(]

Figure 10 —Kissinger plot of AN/Mg/C composition

In figure 10, as shown by the results of calculations obtained from experi-
mental data, the value of the activation energy of the composition of AN/Mg/C
according to the Kissinger method was 82.80 kJ/mol.

Table 3 — Calculation of the activation energy (E,) according
to the Kissinger method for the composition AN/Mg/C/CuO

Tmax, °C /T nax Heating rate, K/min In(B/T"2)
209.05 2.073828 5 -9.08194
222 2.019590 10 -8.5083
229.26 1.990406 15 -8.16685
237.98 1.956449 20 -7.95345
slope -9.84678
E, 81865.14 J/mol
81.87 kJ/mol
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Figure 11 — Kissinger plot of AN/Mg/C/CuO composition

Figure 11 shows the results of calculations obtained from experimental data,
the value of the activation energy of the composition of AN/Mg/C/CuO according
to the Kissinger method was 81.87 kJ/mol.

The activation energy of composition AN/Mg thermal decomposition is
reduced by adding C activated carbon and cupper oxide (CuO).These results show
that the thermal decomposition of AN/Mg gas generator can be improved by C
and CuO.

Conclusion. The using of the activated carbon as a fuel for the AN-based
compositions increases the burning rate. Addition of CuO to AN/Mg/C increases
the burning rate significantly. C and CuO additive reduce the activation energy of
the AN/Mg composition from 90.06 kJ/mol to 82.80 kJ/mol and 81.87 kJ/mol.
And improves the decomposition reactions in the condensed phase however, the
main effect with the addition of CuO to the AN/Mg/C-based propellants can be
assumed to take place in the gas phase reaction zone. CuO can be the catalyst for
our AN-based propellant system.
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Pe3zrome
K. K. Enemecosa, P. Illen

METAJIOPTAHUKAJIBIK K¥PbUJIBIM HET'T3IHAEI'T
. SOHEPTETUKAJIBIK OTBIHIAP:
AMMOHNN MEH MATHUU HUTPATBIHBIH ’KAHYBIHA ©CEPI

AMMUaK CeUTPAachl XKOHE KOMIPTEri KOCTIAIapbIHBIH JKaHy CHIIATTaMajlapblH JKaKChI
TYCiHy yiuiH auddepeHnnanapl ckaHepiey KalopUMETPHUSsICBHIH KOJJIaHa OTBIPBII, XKaHy
CBIHAKTaphl MEHTAJI/IA YJIap )KYPri3iiai. AMMHAKCEIUTPAChI3bl MBIPaH OTHIHBIH/A, JKapbLJI-
FBIII 3aTTapMEH Ta3reHepaTopiapla TOTBIFY KYpajibl peTiHAe KEeHIHEH KOJAaHBUIAMIbI.
Aumnaiina, Oip HemeMaHBI3Ibl KEMIIUTIKTEpl KOJAaHy KeJIEMiH KbICKapTThl. KoMmosuTri
MaTepHalapMeH JHEPreTHKAJIbIK MaTepuaiap KypaMbIHIAFbl aMMOHMHHHWTPATHIHBIH
KOPCETIIreH KEMINUTIKTEpiH JKOI0 YIIIH, METaJUIOKCHATEpI 0ap aKTHUBTEH JipiireH
KOMipMeTalIOpraHuKaNIbIK HEri3peTinae KonaaHbutanbl. COHBIMEHKAaTap, MBICOKCHIIHIH
KOMITO3ULUSHBIH JKaHYbIHa cepi )KOHE OHBIH JKbUTY CHIIAaTTaMasiapbI3 epTreninai. Komrmo-
3unusUIap kaHy kamepa ceiaga 1 MIa, 2 Mlla, 3 Mlla xone 3,5 Mlla KpICBIM MEH jka-
HBIIL, )KaHy >KbUIIAMIBIFBl aHBIKTAIBIHIBI. MeTalUIOKCHIIHIH KOCBUTYBIMEH)KaHy MeJIepi
2-3 eceecti. KoMIoO3uIMsIapIply KbUTy CHMATTAMAaIaphl SPTYPJIi KbI3IBIPY JKbUIIAM/IbI-
reiarel JICK kemel MeHTanjaH/abl JKoHE KYHEHIH aKTHBTCHIIPY SHEPrusiChl ecerre-
JHHAI.

Tyiiin ce3aep: sHepreTUKaNbIK Marepuaniap, aMMOHUHHUTPATHI, aKTUBTSHAIPIITeH
KOMip, MBIC OKCH/I1, )KaHY KbULIaM/IbIFbl, aKTHBTEH/IIPY YHEPTHACHI.
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Pe3zrome
K. K. Enemecosa, P. Illen

OHEPTETUYECKOE TOITJINBO
HA OCHOBE METAJUVIOOPTAHMYECKIX KAPKACOB:
BJIMAHUE HA TOPEHUE COCTABA HUTPATA AMMOHUA U MATHUA

JList JTydIiero MoHNMaHUs XapaKTEPUCTHKH TOPEHHs cMeceil aMMUaqyHOM CeIMTPBI U
yriepona, ObUTH MPOBEICHBI UCTIBITAHNSI Ha TOPCHNE W aHAIN3bl Ha Au(epeHInaTbHON
ckaumupyromeii xamopumerpun (JICK). AMMuadnas cenmuTpa IIUPOKO HCIONB3YETCS B
PaKeTHOM TOIUIMBE, BO B3PHIBUATHIX BEUIECTBAX M T'a30T€HEPATOPAX B KAYECTBE OKHCIIH-
Tena. OIHAKO HECKOJIBKO OCHOBHBIX HEJOCTATKOB COKpAaTHJIM 00JacTh IMpuUMEeHEeHus. B
HCIAX YCTpAaHCHHA YKa3aHHBIX HEAOCTAaTKOB aMMHa4YHOUI CCIIUTPBI B COCTAaBE€ KOMIIO3U-
MAOHHBIX MAaTCpUaAJIOB, B JHCPICTUYCCKHUX MaTCpHaiaX HCIOJIB3YIOT aKTI/IBI/IpOBaHH}Jﬁ
yrojlb C OKCHAAMHU MeTaljlaMM B KadecTBE MeTajloopraHndeckux kapkacos (MOD).
Kpome Toro, ObuUIO M3y4YeHO BJIMSHHE OKCHJAA MEIM Ha TOpEHHE KOMIIO3UIIMH M €ro
TEIUIOBBIE XapaKTEePUCTHKH. KOMIO3UINMK CKUTATNCh B KaMepe CTOpaHUs IpHU JTaBICHUU
1 MIla, 2 MIla, 3 MIla u 3,5 MIla u onpeneneHsl ckopoctu ropeHus. C mobaBieHUEM
OKCHJIa MeTallIa CKOPOCTh TOPEHUs yBenuumiIach B 2—3 pasa. TerutoBble XapaKTepUCTHKA
KOMIO3HINH aHaIu3upoBaiy ¢ ucnoip3oBanueM JCK mpwm pa3snudHbIX CKOpOCTSAX Ha-
rpeBa 1 ObIIa pacCUNTaHa SHEPI U AKTUBAINS CUCTEMBI.

KnroueBble c10Ba: SHEPreTHYECKHE MaTepHalibl, aMMHAYHasl CEUTPa, aKTUBHPO-
BaHHBII yToJib, OKCHUJ M€, CKOPOCTh TOPCHUS, DOHEPI'UA aKTUBAIIUU.
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YIK 6.691.544
C. C. CATAEBA, A. Y. UMAHT AJINEBA

3anangHo-Ka3axcraHCKHi arpapHO-TEXHUYECKUH yHUBEpCUTET UM. JKaHrup XaHa,
VYpansck, Pecriyonuka Kazaxcran

HUCIIOJIB3OBAHUE HE®TSHBIX OTXO10B
JJI HOJIYYEHUSA CEPHOI'O HEMEHTA

AnHoTanus. [TpoaHanu3upoBaH MUPOBOH OMBIT, a TaKXKe BO3MOXKHOCTh H ILIE€JECO-
00pa3HOCTh HCIIOJIB30BAHUSI CTPOUTENBHBIX MaTepualioB Ha OCHOBE CEPHOI'O BSDKYIIETO.
[IpuBeneHb! XapaKTEPUCTUKH TEXHWYECKOW cepbl M Ma3yTa AThIpaycKoro Hedrerepe-
pabaTbIBaIOIIEro 3aBojAa. Y CTAHOBJIIEHO, YTO CEPHBIN IIEMEHT, MOJYYEHHBIH Ha OCHOBE
TEXHHYECKOH cepbl, 00J1aJaeT BEICOKMMH AKCIUTYaTallMOHHBIMHI CBOMCTBAMH M TTO-3BOJIUT
pemuTh IpobieMy He TOIBKO B HE(TSIHOM MPOMBIIUICHHOCTH, HO TAKXKE B CTPOU-TEILHOH
HWHAYCTPHUH.

KiroueBble c10Ba: 0TX0/bI, TEXHHYECKAs cepa, Ma3yT, CEPHBII IIEMEHT, IPOYHOCTh
IpU CXKATUH, TMPOYHOCTH NPH HM3THOE, MOPO30CTOHKOCTH, BOJONPOHUIIAEMOCTH, KOPpPO-
3MOHHAs1 CTOUKOCTb.

Beenenne. OnHa 13 BaKHBIX 3alad CTPOUTENBHOM HAayKH — Pa3BUTUE U
oOecrieyeHUe OTpaciy HOBBIMH CTPOWTEILHBIMH MaTepHallaMH, KOTOpbIe
W3TOTaBIIMBAIOTCS C UCTIOJNIB30BAaHUEM CBHIPbS MECTHOT'O MPOU3BOJCTBA H OTXOJOB,
MOOOYHBIX MPOLYKTOB 3TOr0 Npou3BozacTBa. Cpeau TakuxX HpPOLYKTOB HedTe-
XUMHYECKOW TPOMBINICHHOCTH, TPEJICTABISIONINX HE TOJNBKO HAYYHBIA, HO U
MPaKTUYECKUH WHTEpeC, cepa — OJMH M3 CaMbIX PacIpOCTPAHEHHBIX HEMETAIIOB
B IIpUpOJIE.

B Hacrosimee Bpemss B MUpE BO3HMKIIA TEHJCHIHMS MPEBBINICHUS TPOU3-
BOJICTBA CEPhl HaJ €¢ pealn3aluel, 4To CBA3aHO C YCOBEPIICHCTBOBAHWUEM U
pacupeHreM croco0OB pa3paboTKH HE(TSHBIX M Ta30BBIX MECTOPOXKACHUM,
[ITyOWHOM OYMCTKY MPOAYKTOB He(renepepaboTKH.

B Kazaxcrane, B 4acTHOCTH B 3alagHBIX PETHOHAX, B OJrpKaiiiee Bpems
MPOTHO3HUPYETCS aHAJOTUYHASI CUTYaIHsl, CBI3aHHAs C yBEIUUYECHHEM KOJIMYECTBA
ceprl. bornee yrmyOnennas nepepaboTka HedTH, a TaKKe IUIAHUPYEMOE INPOU3-
BOJICTBO KOKCa MIPUBEJIET K MPUPOCTY 0OHEMOB MPOU3BOIMMOTO CEPOBOAOPOIA.

OOBbIYHOE CKJIaUPOBAHUE CEPhl HA TIOBEPXHOCTH 3€MJIM YBEJIHMYMBAET BO3-
MOKHOCTb SKOJIOTHUECKOT'O pa3pylLIeHUs] OKpykatomeld Tepputopuu. [Ipu oT-
KPBITOM XPaHEHHH CEpPbl BBLACISIOTCS CEpOCOJEepKallie ra3bl U CEepHas IbLIb,
KOTOpbIe MHTEHCHBHO 3arps3HSIOT OKPYKAIOUIYIO CPEAy, HAHOCS 3HAYUTEILHBIN
Bpen Quope U payHe peruoHa.

VYuuThIBas BBIMIECH3IIOKECHHOE, CTAHOBUTCS 00Jiee MEPCIEKTUBHBIM HCHOJb-
30BaHME CePhl HE TOJBKO B YCTOSIBIIMXCS CETMEHTaX MOTPEOJICHHS, HO U B Pa3BH-
BAIOIIEHCSI TEXHOJIOTUHN CTPOWUHIYCTPUH, a TOUYHEE B Pa3paboTKe KOMITO3HIIMOH-
HBIX MaTepHaJioB (CEpHBIA IIEMEHT, CEPHBII OETOH, cepoacaibTOOETOH H Ap.).
OTO O3HaYaeT, 4YTO HAPALY C TPAIUIIMOHHOW TEXHOJOTHEH IIPOU3BOJICTBA
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IIEMEHTAa W W3JACIUH W3 HEro MpeiaraloTcs HOBBIE pelIeHus — Ooliee THOKHeE,
CIICIUATN3UPOBAHHBIC TEXHOJOTUH, CBSI3aHHBIC C OTIUYUTEILHBIMU CBOHCTBAMHU
cepbl U CepoleMEeHTa. DTO HaIpaBlICHHE, 0 MHEHHMIO aBTOpOB [l], cumraercs
Han0oJIee MePCIEeKTHBHBIM.

MHOTOYHCIIEHHBIE HUCCIEIOBAHUS CBHUACTEIBCTBYIOT, YTO CTPOUTEIbHBIC
MaTepuaibl C J0OABICHUEM CEphbl 00JIJal0T BBICOKMMH SKCILTYaTal[MOHHBIMU
XapaKTEPUCTUKAMH, MTOBBIIICHHON CTOHKOCTHIO K AKCTPEMATbHBIM Harpy3kam H
(hakTopaM OKpY’KAIOIIEH Cpeibl, HU3KOH BOJOIPOHUIIAEMOCTHI0. [Ipn 3TOM Takue
MaTepHabl SKOJIOTUYECKU OE30TIacHBI U B Psijie ClydaeB 0ojiee IKOHOMHUYHEI [2].

Cepa B CTPOUTEIBCTBE B BHJIE CEPHBIX MACTHK M PACTBOPOB MPUMEHSETCS C
XIX Beka — I 3allMBKU LIBOB KAMEHHBIX KJIAJ0K, 3aJCIKH METAJUTMUYEeCKUX
CTOEK U METAUIMYECKUX CBSI3€i KAMEHHBIX KOHCTPYKLU.

Bspxymue cBoiictBa cepbl u3BecTHBI ¢ Havanma XVII B., ogqHako cepobeToH,
KaK HEMOCPEACTBEHHO CTPOUTEIBHBIM KOMIIO3UTHBIN MaTepuaj, akTUBHO Ha4yalu
HCCIIEOBATH C LETBI0 U3YUEHUS BOZMOXXHOCTH MPUMEHEHUS B CTPOUMHITYCTPUU B
CeBepHoii AMepuke TOJbKO B XX B. IMEHHO TOTAa OBIIN OTIpeaeNieHbl ero mpe-
MMYIIECTBA HAJ| TPAJAULIMOHHBIM OETOHOM Ha OCHOBE MOPTIaHIIeMeHTa [3].

B Poccuu mepBoe mpuMEHEHHE CEpBI ISl TMPOU3BOJICTBA CEPHOTO IIEMEHTA
ocymecTBIIM B 70-X TT. mpornutoro ctoieTus. CeroaHss CEpHBIN IIEMEHT B Cepo-
0eTOH aKTHBHO HCHONB3yoTCs B Snonnu u HOxHoit Kopee.

C pa3BUTHEM CTPOUTEIILHOW HMHIYCTPHHM BO3HHKJIA MOTPEOHOCTh B HOBBIX
CTPOUTEIHHBIX MaTepHaliaX, JOJTOBEYHBIX M CTOMKUX K arpeCCHBHBIM CpelIam,
a BMECTE C OTHM Hadajcs MOWCK HOBBIX CIIOCOOOB NMPUMEHEHHS W YTHIN3AllUU
CEpBL.

YHHUKAIBHOCTh CBOMCTBA CEpHI, CIIOCOOHOCTH K OBICTpOMY HAOOpy IMpOoU-
HOCTH TIPH OCTHIBAHUY PACIUIaBa OMNPECIIIET BO3MOXKHOCTh CO3/IaHUs dHEProcoe-
peraronux TEXHOJOTHA CEPHBIX CTPOUTEIBHBIX MAaTEPHAIOB, MPOU3BOJICTBO
KOTOPBIX B HACTOSIIEE BPeMSI HHTCHCHBHO pa3BHBAETCS (PUCYHOK 1).

Haubonee nepcrnekTHBHOE HANPaBICHUE MPUMEHEHUS CEPbl — IPOU3BOJICTBO
WHHOBAIMOHHBIX CTPOUTEIHHBIX MATEPHAJIOB JJISI BO3BEJCHUS MPOMBIIICHHBIX
00BEKTOB, a TaKXKe MPOKIaaKa Aopor. B mepByio odepens dTO CEpHBIA IIEMEHT,
cepoOETOH U M3/eNus U3 Hero, a Takke cepoachansrodeToH [4].

CtpoutenbHbIE MaTepHalibl C J0OABJICHHUEM CEphbl 00JIAZAI0T BBICOKUMHU
MIPOYHOCTHBIMHA XapaKTEPUCTHUKAMHU, TIOBBIIIICHHOW M3HOCO-, KOPO3WOHHO- H
XUMHYECKON CTOMKOCTBHIO, HH3KOW BOJOIPOHHUIIAEMOCTBIO, OOJBINON yCTOHYH-
BOCTBIO K PE3KUM TIeperajgaM TeMIepaTyp, KpoMe TOro, IKOHOMUYHBI U JKOJIO-
TUYECKU O€30TIacHbI.

AHanu3 mokaszaj, 4To MOJyYeHHE CEPHOIO IIEMEHTA SIBSETCS MajJOU3yueH-
Hoii Temoit B Kaszaxcrame. PaccmarpuBas Hay4dHO-HCCIIEIOBATEIBCKHUE PAOOTHI
VUICHBIX B JAHHOM HAIIPaBJICHHUH, MBI YBUICIH, YTO IPUMECHECHIE OCTATKOB CEPHI B
KaueCTBE BSOKYIIETO B IIEMEHTHOM IPOM3BOJICTBE TOBBIIIACT €ro (PU3MKO-MeXa-
HAYECKHUE CBOMCTBA, MPOYHOCTH, PACTSIKEHUE, BOJOCTOMKOCTH M BOJOIPOHU-
L1a€MOCTb.
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Pucynok 1 — CtpykTypa notpeGieHns cepsl HA MUPOBOM PHIHKE

CrnenoBatenpHO, NOJIyYCHHE CEPHOIO IIEMEHTAa C BBICOKMMH 3KCILTyarta-
LIMOHHBIMH CBOMCTBaMH Ha OCHOBE OTXOJOB IPOM3BOJCTBA IO3BOJIUT PEIIUTH
npobaeMy B He(TSIHON NPOMBILUIEHHOCTH, a TakXe OyAeT MPOPHIBOM B CTPOH-
TEJILHON OTpaciiy.

OKCITEPUMEHT

Jis mosydeHus CEepHOro IleMEHTa BbIOpaHa TEXHHYECKas cepa, KOoTopas
SIBIISIETCSL €r0 OCHOBHBIM KOMITIOHEHTOM. B kauectBe Monuduuupyiomeii 100aBku
cepbl BBIOpaH Ma3yT (TsDKenblii HedTSHONW ocTaToK) AThIpayckoro Hedremepe-
pabaThIBaroIIero 3aBojia. JTO OJWH W3 Hambosiee paclpOCTPaHEHHBIX CIIOCOOOB
yHpaBIeHHUS TEXHOJOTHEW M3TOTOBIEHMS CEPHBIX KOMIIO3UTOB U JUI PEryJIHpO-
BaHUs X CBOHCTB. IIpumeHeHne HeTAHOTO OCTaTKa B KauecTBe MoIU(HUKaTopa
00YCJIOBJIEHO €r0 XMMUYECKUM B3aUMOICHCTBUEM C CEPOM, KOTOPOE BBIPAKAETCS
B NPHUCOEIMHEHUH €ro K KOHIIAaM IOJMMEPHOW CEpbl, HACHIIIEHUU €€ CBA3EH,
o0phIBE Ipolecca MOJMMEPH3ALNH U CTA0OMIN3alKU €€ B 3TOM COCTOSHUH. Moau-
(hMKaTOpBHI MOBBIIAIOT OTHECTOMKOCTh M OMOCTOWKOCTHh CEPHBIX MarepuajoB. B
Tabnuie 1 mpuBeaeHa XxapakTeprucTHKa TexHuueckoil cepst AHII3.

Tabmuna 1 — XapakrepucTuka TEXHUIECKON Cephl

Uucrora, % 99,99
Liser APKO-IKENTBIA
dopma noJycepruuecKre TabIeTKH
Pazmep, Mmm 2-6
Copneprxanue cepoBoopoa, ppm wt. Makc 10
Kucnornocts, ppm wt. Makc 40
Opranudeckue/yriepoancTbie MaTepruaisl, ppm wt. Makc 1000
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OCHOBHOI KOMITOHEHT CEpHOI0 IIEMEHTa — TeXHHYEeCKas cepa, M3ydcHa Ha
pacTpoBoM 3eKTpoHHOM MuKpockore JSM-6490LV (¢upmer JOEL, Snonus) c
cucremoit nmpobonoaroroskn STRUERS [lanus (pucyHok 2).

LB

Pucynok 2 — PacTpoBslii 371eKTpOHHBIH MUKpockon JSM-6490LV

Pactpogsiii a5ekTponHbIi MuKpockon (POM) [7] — npubop, B ocHOBY pabo-
THl KOTOPOTO TIIOJIOKEH TEJICBU3UOHHBIA TPUHIUI Pa3BEPTKA TOHKOTO IydKa
3JIEKTPOHOB TI0 MMOBEPXHOCTH HCCIIETyEeMOT0 00pasIa. 3aTeM IOMydaroT penbed-
HYI0 KapTHHY H300pa)KeHHs MOBEPXHOCTH oOpasla Ha dSKpaH. MHKpOCKOIH-
Yyeckasi CTPYKTypa TEXHUYECKOH U MOJIU(MUIIMPOBAHHOW CEphl MPECTABICHBI Ha
pucyHke 3.

aneMenmHas cepd Mooughuyuposannas cepa

Pucynok 3 — MukpodoTtorpadhuu 00pa3noB 3JIeMEHTHON U MOAUGDUIIUPOBAHHOM CEPBI

Hamu unccnenoBansl (PU3MKO-XMMHUYECKHE CBOMCTBAa Mas3yTa ATBHIpayCKOTO
HII3 no I'OCT 10585-2013 (Ttabnuua 2).
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Tabnuma 2 — Pe3ynbsrarhl nccaeq0BaHAN (PH3UKO-XUMHYECKUX CBOMCTB

Ma3zyTa Atsipayckoro HII3

Ne [okazarens Masyt AHII3 I'OCT 10585-2013
1 [LIOTHOCTE, KI/M> 980 980

2 | Bsaskocts (ycioBHas), mm/c 2,1 2,1

3 | Temmepatypa Bembiukw, °C 158 158

4 | Temmeparypa 3acteiBaHus, °C 34 34

5 | Temnota cropanus, °C 42 099 42 099

6 KucmornocTts, Mr 5 5

MeTtoauka mojy4eHusi CepHOro LeMeHTa. B merammueckyio eMKOCTb Ha
200 ma 3arpyxarT He Oosee yeM Ha 2/3 o0beMa M3MEJbUCHHYIO TEXHHYECKYIO
cepy (xkycku He Oonee 100 MM) 1 paBHOMEPHO HarpeBaroT npu Temneparype 140-
150 °C, He momyckast MECTHOTO IIeperpeBa M BOCILIAMEHEHHS cepbl. 1Ipu Temite-
parype 120 °C cepa maummaer miaBuThes. Ilocie ee IONHOrO PACIIABICHUS
MOCTENIEHHO TNPH HEMNPEPHIBHOM MEPEMEIIMBAHUU C IOMOIIBI0O MarHUTHOH
MEIIAIKH BBOIAT MasyT (MoaupukaTop, HpeaBapuTesibHO HarpeTsiii). Cepy ¢
Ma3yTOM BapsT JO IOJIHOW TOTOBHOCTH (10 IOJHOTO YIaJieHWsl JIETYYHX Be-
mectB). IlomydeHHBIN cepHBIH LIEMEHT Pa3iMBaOT B (OPMBI U OCTABISIOT IS
oxJiaxaeHus [5].

PE3VJIbTATBI 1 OBCYXJEHUE

W3MeHeHHe CBOWMCTB CEPHOIrO IIEMEHTA M3ydald MPH Pa3INIHBIX KOHIICH-
TpaIusIx KOMIIOHEHTOB (Tadnuia 3).

Tabmuma 3 — KOMIIOHEHTHBIH COCTaB CEpHOTO LIEMEHTA

Ne o6pasia
Martepuanst
1 2
TexHmueckas cepa 90 98
MasyTt 10 2

KauecTBOo moONMy4eHHOr0 CepHOrO IIEMEHTa OIICHWBAIH MO KOJIWYECTBY
MOJIMMEPHOIM CEpBI, KOTOpas M ONpelessia CBOMCTBA CEpHOro LeMeHra. s
3TOr0 HMCXOJHYI0 HABECKy IEMEHTa JKCTParupyroT IeKCaHOM M HaXoJAT KO-
JIMYECTBO MOJIMMEPHOH Cepbl 110 Pa3HULE CONEPKAHUS OOLIEH Cephl.

OmnpeneneHbl OCHOBHBIE (PH3UKO-MEXaHUYECKUE CBOWCTBA CEPHOTO LIEMEHTA!
npeaen MPOYHOCTH NPU CKaTHM M M30Ure, MOPO30CTOMKOCTb, BOAONPOHHUIIAC-
MOCTb, KOPPO3HOHHAsi CTOMKOCTh B KHCJIOM M ILEJIOYHOH cpenax. Pesymbrarh
aHAJIM30B IPHUBEICHHBI B TAOIHIIE 4.
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Tabnuna 4 — Ou3nKo-MexaHUUECKHe CBOHCTBA CEPHOTO IEMEHTa

3HaueHHe MOKa3aTes
B Bo3pacTe 28 CyT.
En. Merton
ITokazarenb n3Me- HCIIBI- Beron Cepoberon
peHust N Ha OCHOBE Ha OCHOBE
MOpTIAH/ILIe- MoauUIUPO-
menTa I11] 500 BaHHOH CepBl
IIpenen npo4HOCTH HA PACTKEHUE MIa roCT 59.8 64,5
IpU CKATUU 10180
[Ipenen mpo4yHOCTH Ha PSCTSKEHHE MIa roct 73 11.8
npu u3rude 10180
Mopo3ocToiikocTb IIUKIT F, 200 F, 1000
Bopmonponumaemocts M/9 FOCT W12 W 20
K N K 10060-
‘ cégg;znonﬂaﬂ CTOMKOCTB, K, 2012
2 .
KHUCJION /() - 0,90
IIEI0YHOM - 0,42

Kak nokaszaHo B Tabnuue 4, CBOHCTBa CEpHOro LIEMEHTA, HOIY4YEHHOI'O Ha
OCHOBE MOAM(HUIIMPOBAHHON CEepPBI OTIMYAIOTCS OoJiee BEICOKHMHU TOKa3aTeNsIMHU
B CpaBHEHHU C OETOHOM Ha OCHOBE MOPTIAHALIEMEHTA. Pe3ynbTaThl MCTIBITAHUS
00pa3loB IIeMEHTa Ha OCHOBE MOAM(HUIMPOBAHHOH Cepbl XapaKTEPU3YIOTCS
BBICOKMMH TapaMeTpaMH MO MOPO30CTOMKOCTH, BOJOHENPOHUIIAEMOCTH, XHMH-
YECKOM CTOMKOCTH B KUCHBIX cpenax. IlosydeHHbI cepHBIi HEMEHT MOYKHO pac-
CMaTpUBaTh KaK CTPOUTENHBIM MaTepual CIEHUalbHOTO Ha3HA4YeHUs, Ipe-
HA3HAYECHHBIM U1 OJKCIUTyaTallkd B YCIOBHAX IIEPEMEHHBIX TEMIEpAaTyp U
arpecCUBHBIX Cpesiax.

3akmrouenne. Hakonenne pa3nuyHbIX BUIOB OTXOJ0B KU3HEAEITEIbHOCTH
YeJI0BEKa B YCIOBHAX JOCTAaTOYHO CJIOKHOH COBPEMEHHOM 3KOJOTMYECKOM CH-
Tyallud CTaBUT TMepe] HayKOW 3aJadd 1O HW3bICKAaHWIO HOBBIX oOONacTedl mx
yrunusanui. Mcnonp3oBaHue OTXOJOB B KaueCTBE BTOPHUYHBIX MaTepHAIbHBIX
pPECYpCcOB TO3BOJISIET HE TOJIBKO IMPENOTBpAIATh 3arps3HEHHE OKpYKaIoLIeH
Cpebl, HO ¥ 5KOHOMHTb OCHOBHOE CBIPBE.

B pabote ompeneneHbl OCHOBHBIE (PU3UKO-XHUMHUYECKUE CBOWCTBA TEXHHYEC-
KOH cepsl U Ma3yTa. /laHa MeToIMKa U3rOTOBJIEHHS CEPHOTO IIEMEHTA. Y CTaHOB-
JICHO, YTO CEPHBIN LIEMEHT, OJTY4YE€HHBII Ha OCHOBE TEXHUYECKOH cepbl, o0iangaer
BBICOKMMH SKCIUTYaTallHOHHBIMU CBOWCTBAMH M ITO3BOJIUT PEIINTH MpoOiieMy He
TOJILKO B HE(QTSHON MPOMBIIIICHHOCTH, HO U B CTPOUTEIBHOW UHITYCTPUH.

Takum o0pa3om, Mo pe3ysbTaTaM HCCIIEAOBAaHWN MOKHO CHENaTh BBIBOX O
BO3MOXXHOCTH TPHUMEHEHHs] OTXOJIOB TEXHHYECKOW Cephl JUII MPOM3BOJICTBA
CEpHOrO IIEMEHTA C UCIOJIb30BaHUEM Ma3yTa B KauecTBe Mogu(uKaTopa.
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Pe3rome
C. C. Camaesa, A. Y. Umanecanuesa
MYHAN KAJIABIKTAPBIH KYKIPTTI HEMEHT AJIYJA KOJJIAHY

KyKipTTi TyTacThIpFhIII HETi3iHIE aJbIHFaH KYPBUIBIC MaTepHaiapbIHBIH QJIEMJIIK
TOXKIpHOECi capamnTalblll, OJNAPABl MalalaHy MYMKIHIIKTEPI MCH MakcaThl TaJlTaHIbI.
ATpIpay MyHail eH/iey 3ayBIThIHAH JIBIHFAH TEXHUKAIBIK KYKIPT IIEH Ma3yTKa CHIaTTama
Oepinai. TexHUKaNBIK KYKIPT HETi3iHIE albIHFaH KYKIPTTi IEMEHT TeK MYHail eHAIpiCiHIH
FaHa eMec, KYPhUIBIC HHAYCTPUACHIHBIH J]a MOCEJIeCiH IIeNIeTiHI )KoHe KOFapFhl IKCILTya-
TaIUSUIBIK KACHETTepre He eKeHAIT aHbIKTaJ bl

Tyiiin ce3aep: KanablKTap, TEXHUKAIBIK KYKIPT, Ma3yT, KYKIPTTI L[EMEHT, CHIKKaH
Ke3Zieri OepiKTiri, uiy KesiHjeri OepiKTiri, as3Fa TO3IMIUIIr, Cy OTKI3TIlITIr, KOPPO3Usi-
JIBIK TO3IMILIITI.

Summary
S. S. Satayeva, A. U. Imangaliyeva
THE USE OF OIL WASTE TO PRODUCE SULFUR CEMENT

The world experience is analyzed, as well as the possibility and feasibility of using
building materials based on sulfur binder. The characteristics of technical sulfur and fuel
oil of Atyrau refinery are given. It is established that sulfur cement obtained on the basis
of technical sulfur has high performance properties and will solve the problem not only in
the oil industry, but also in the construction industry.

Key words: waste, technical sulfur, fuel oil, sulfur cement, compressive strength,
bending strength, frost resistance, water permeability, corrosion resistance.
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SYNTHESIS AND X-RAY STUDY
OF CHROMITE - GADOLINI FERRITE COMPOSITION
Gd(l_x)Mecro_5F80_503( Me = Ca, Mg, X:0,7)

Abstracts. In the present work the X-ray study of the synthesized sol-gel by the
method of new chromite-ferrites phases with the Gd_xyMeCrjsFeysO; (Me = Ca, Mg,
x~0,7) composition was presented.Chromium oxide, iron oxide, gadolinium oxide, metal
carbonates, citric acid and glycerin were used as initial materials. It is shown that the use
of citric acid and glycerin as a precipitator has a positive effect on monophase samples.
Rainfall was subjected to homogenizing roasting in the temperature range 600-900°C. The
reaching the level of sintering of samples was controlled by theX-ray diffraction profiles.
The phase composition, crystal characteristics, type of the symmetry, unit cell parameters,
radiographic and pycnometric densitieswere investigated by the method of X-ray phase
analysis. The correctness of the X-ray diffraction results of the mixed ferrite complex was
confirmed by a good agreement between the experimental and calculated values of the
inverse values of the squares to the interplanar distances (10*/d?). Satisfactory consistency
of the X-ray values and pycnometric densities proves the correctness of the experimental
results.

The article presents results of synthesis and XRF studies of new complex oxide
chromite—gadolinium ferrites doped with alkaline earth metals (Ca, Mg). Results revealed
the formation of samples with multifaceted structure. Developed oxide of the chromite —
ferrite gadolinium has orthorhombic structure.

Keywords: chromium doped ferrite; sol-gel processes; crystal structures; nanostruc-
tures; doping; X-ray diffraction.

Introduction. Due to the antiferromagnetic or ferromagnetic properties, the
study of the magnetic properties of oxides (ferrites) of rare earth elements has
great interest. The importance of chemical homogeneity in the phase states of
complex oxides plays big role in their application, especially in terms of magnetic
and electrical properties. In recent years, there has been an unprecedented surge of
interest in magnetoelectric materials and multiferroics.

The firstoneis characterized by a linear magnetoelectric effect (magnetization
encouraged by an electric field and magnetic polarization induced by a magnetic
field). Moreover, secondone has spontaneous electrical polarization and mag-
netization that can be controlled in a "cross" way: cause the magnetization to be
switched by an electric field and vice versa by an electric polarization magnetic
field. Therefore, magnetoelectric materials provide new opportunities for the
conversion of electricity into magnetism and vice versa [1].
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EXPERIMENTAL

In this work, we used the sol-gel method using glycerol as a precipitating

agent [2].

Samples of chromite — ferrite gadolinium doped with alkaline earth metals

(Ca, Mg) were synthesized by sol-gel method, where two different surfactants

Intensity (cps)

Intensity (cps)

Meas. data:Ba 1000 ——

600

400+

200+

20 40 60 80
2-theta (deg)

Figure 2.a) — XRD pattern of chromite sample — gadolinium ferrite
with the composition of Gd;.x)MeCr, sFe( O3 (Me = Ca, Mg, x~0,7)

1000+ Meas. data:900 ——

800

600

400

200+

20 40 60 80
2-theta (deg)

Figure 2.b) — XRD patternof chromite sample — gadolinium ferrite
with the composition of Gd;.x)MeCr sFe sO; (Me = Ca, Mg, x=0,7)
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were used [3]. The use of this method made it possible to get single-phase crystal
particles of chromite — gadolinium ferrite.A solid mixture of Gd(;.x)MeCr sFes0;
(Me = Ca, Mg, x~0,7) was first time synthesized. The parameters of the single
cell and X-ray and incometence density were investigated.To obtain chromite -
gadolinium ferrite with the formula of Gd(.xMeCrysFeosO; (Me = Ca, Mg,
x=0,7), Gd,03, CaCO5;, MgCOs, Cr,03, Fe,0; were stoichiometrically calculated
and carried out by the sol-gel method. The stoichiometric amount of oxides was
mixed and ground in an agate mortar to obtain a homogeneous mixture. To the
consequential mixture was added 2 ml of distilled water, 2 ml of glycerin and 3 g
of citric acid. To produce the mass of gel,the mixture was put in an electric
furnace. After that, they were subjected to repeated annealing in the furnace at a
temperature range of 600-900°C with an increase in temperature every 100°C per
hour [4]. Annealing was carried out in five stages. At the first stage mixture was
hold at 600 °C for 6 hours, at the second stage at 700 °C for 3 hours, at the third
stage at 800 °C for 7 hours, the fourth stage at 900 °C for 6 hours, a total duration
equals to22 hours [5]. After each stage of synthesis intermediate rubbing was
carried out. Upon completion of the synthesis, the furnace was switched off, and
the cooling of the resulting compound occurred in the mode of cooling of the
muffle furnace. The composition of the final products was controlled by XRF.
Radiographic studies were carried out on the miniflex 600 diffractometer (Rigaku,

Japan) [6].
RESULTS AND DISCUSSION

The data of the X-ray diffraction of the synthesized chromite-manganites are
presented in tablel.

Table 1 — Indexing of radiographs of synthesized phases

Ne [°2Th.] d[A] Int. [%] 10%/d%exp. hkl 10%/d*theor.
1 2 3 4 5 6 7
Gd(xCaCry sFey s05(x~0,7)

1 23.40 3.799 15.0 1.89 (0,0,2) 1.93
2 26.17 3.402 12.0 2216 (1,1,1) 2.19
3 32.53 2.750 20.0 3.38 (0,2,0) 3.35
4 33.34 2.685 100.0 3.58 (1,1,2) 3.6
5 33.89 2.643 25.0 3.73 (2,0,0) 3.70
6 34.66 2.586 12.0 3.96 (0,2,1) 3.98
7 39.60 2274 6.0 5.93 (2,1,1) 5.95
8 40.49 2.226 6.0 6.41 (0,2,2) 6.43
9 41.62 2.168 10.0 7.09 (2,0,2) 7.07
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Continuation of table 1

1 2 3 4 5 6 7
10 42.95 2.104 8.0 8.00 (1,1,3) 8.02
11 44.10 2.052 2.0 8.91 (1,2,2) 8.93
12 44.90 2.017 1.0 9.62 (2,1,2) 9.60
13 47.65 1.907 25.0 12.58 (2,2,0) 12.60
14 48.05 1.892 18.0 13.10 (0,0,4) 13.8
15 48.93 1.860 10.0 14.32 (0,2,3) 14.34
16 49.21 1.850 15.0 14.74 (2,2,1) 14.76
17 52.78 1.733 2.0 21.47 (2,1,3) 21.45
18 54.16 1.692 25.0 24.95 (1,3,1) 24.93
19 56.07 1.639 3.0 30.83 (3,1,1) 30.85
20 58.48 1.577 10.0 40.58 (1,3,2) 40.60
21 59.18 1.560 12.0 44.02 0,2,4) 44.04
22 60.15 1.537 30.0 49.34 (2,0,4) 49.30
23 60.85 1.521 6.0 53.58 (2,2,3) 53.55
24 65.19 1.430 10.0 90.38 (1,3,3) 90.36
25 69.35 1.354 5.0 151.9 0,4,1) 151.7
26 69.94 1.344 12.0 163.8 (2,2,4) 163.10
27 71.15 1.324 5.0 191.3 (4,0,0) 191.0
Gd(1.xMgCr sFey sO3(x~0,7)

1 19.49 4.550 6.0 1.56 (2,0,0) 1.58
2 20.07 4.420 16.0 1.60 (0,1,1) 1.63
3 2233 3.978 40.0 1.78 (1,1,1) 1.76
4 22.97 3.869 6.0 1.85 (2,0,1) 1.82
5 24.23 3.670 25.0 1.98 (0,0,2) 1.96
6 25.30 3.518 90.0 2.10 (2,1,0) 2.13
7 26.15 3.405 50.0 2.21 (1,0,2) 2.20
8 28.11 3.172 100.0 2.49 2,1,1) 2.47
9 30.80 2.901 55.0 2.98 (1,1,2) 2.99
10 31.88 2.805 10.0 3.22 (3,0,1) 3.24
11 32.29 2.770 45.0 3.32 (0,2,0) 3.30
12 35.32 2.539 12.0 4.17 2,1,2) 4.19
13 35.85 2.503 2.0 4.34 (3,1,1) 4.37
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End of table 1
1 2 3 4 5 6 7
14 35.97 2.495 6.0 4.39 (1,2,1) 4.36
15 37.98 2.367 10.0 5.17 (2,2,0) 5.15
16 38.07 2.362 8.0 5.21 (1,0,3) 5.24
17 38.49 2.337 6.0 5.39 (3,0,2) 5.40
18 39.99 2.253 16.0 6.13 (2,2,1) 6.14
19 40.74 2.213 6.0 6.55 0,2,2) 6.53
20 41.50 2.174 60.0 7.01 (1,1,3) 7.04
21 41.91 2.154 40.0 7.27 (3,1,2) 7.25
22 42.01 2.149 50.0 7.34 (1,2,2) 7.36
23 42.93 2.105 10.0 7.99 (4,1,0) 7.96
24 46.01 1.971 8.0 10.7 3,2,1) 10.5
25 41.90 2.155 359 2153.30 (2,0,3) 2153.25
26 42.08 2.145 429 2173.42 (1,2,2) 2173.36
27 42.90 2.106 10.7 2254.67 (4,1,0) 2254.59

According to the X-ray study obtained chromite — ferrite gadolinium has
orthorhombic structure with a spatial group (table 2).

Table 2 — Type of symmetry and parameters of elementary cells
of chromite — ferrite gadolinium composition Gd;_x,MeCr, sFeg 505 (Me = Ca, Mg, x~0,7)

Phase v
Ne Compound sym- | a,A | bA | c A Aaé‘ Z | Pxray | Ppye
metry

1 | Gd(1yCaCrysFeys05(x~0,7) gﬁ‘gc 5314|5513 [7.592 [ 2224 | 4 | 71| 770

2 | Gd1xMgCrqsFeqs05(x=0,7) gﬁg‘g’lc 9.90 | 8.46 |4.861398.8| 4 | 3.45 | 3.65

Data indexing of radiographs of synthesized chromite — ferrite of gadolinium
show that they have orthorombic structure with the following unit cell parameters:

1. GduxCaCrosFeosO;  (x20,7) - a=5.314, b=5.513, ¢=7.592, A,
Vonaa=222.48°, Z=4, ppere= 7.6 1T/cM’, Pren=7.70 g/cm’,

2. GduMgCrosFeps0;  (xx0,7) - a=9.90, b=8.46, c=4.86, A,
Vonga=398.8A°, Z=4, ppesr=3.45 g/em’, pry = 3.65 g/em’.

Chromite — ferrite gadolinium doped with alkaline earth metals (Ca, Mg)
were synthesized by sol-gel method, where two different surfactants were used
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[3].The use of this method made it possible to get single-phase crystal particles of
chromite — gadolinium ferrite.A solid mixture of Gd;.xyMeCr, sFe(sO; (Me = Ca,
Mg, x=~0,7) was first time synthesized.The parameters of the single cell and X-ray
and incometence density were investigated.To obtain chromite - gadolinium
ferrite with the formula of Gd;.x)MeCr, sFe(sO; (Me = Ca, Mg, x=0,7), Gd,0s3,
CaCO;, MgCO:;,Cr,03, Fe,05 were stoichiometrically calculated and carried out
by the sol-gel method.

The correctness of the indexing results is confirmed by a satisfactory
coincidence of the experimental and calculated values of the inverse squares of
the interplanar distances (10*/d%), as well as the degree of coincidence of the va-
lues of the X-ray and pycnometric densities of the studied compounds.

Conclusion. The type of symmetry and the parameters of elementary cells
were determined by X-ray method. It is revealed that chromite — ferrite gado-
linium obtained by sol-gel method crystallize in orthorhombic structure and
correspond to the formulas Gd(.x)CaCrysFesOs, Gd1.xyMgCrjsFeysO; (where
x =0,5-0,7).

Chromite — ferrite of gadolinium show that they have orthorombic structure
with the following unit cell parameters:

1. Gd(].X)CaCI'(),5Fe()_5O3 (Xz0,7) - 325.314, b:5513, C:7.592, A,
Vonaa=222.4A°, 7=4, ppen = 7.61 g/, Py = 7.70 g/em’.

2. Gd(l_X)MgCrO,5Feo_503 (Xz0,7) - 329.90, b:846, C:4.86, A,
Vonaa=398.8A%, Z=4, poun=3.45 g/em’, P = 3.65 glem’.

The correctness of the indexing results is confirmed by a satisfactory
coincidence of the experimental and calculated values of the inverse squares of
the interplanar distances (10%/d%), as well as the degree of coincidence of the
values of the X-ray and pycnometric densities of the studied compounds.
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Pe3iome

M. M. Mamaes, C. M. Caxcena, H. b. Abuwesa,
K. U. Typcunosa, M. P. A6opaiimosa, I'. C. Onanbex

Gd(l_X)CaCroA5F60}5O3, Gd(l_X)MgCI'O‘5FCOA5OV3, ( X:0,5-0,7) K¥PAMHLI
XPOMMUT — ®EPPUT I'A JOJIMHUMIIH, CUHTE3I MEH
PEHTTEHOI'PA®UAJIBIK TAJTTAYDBI

Kymsicta Gd(1.xyMeCr sFey 505 ( Me = Ca, Mg, x~0,7) Kypamabl ’KaHa XpOMUTTI-
MaHTraHuTTep (pazachl 30JIb—Telb OMICIMEH CHUHTE3MEITeH, PEHTIECHIIIK 3epTTeY >KYMBICHI
Kyprizuiren. bactankel mMarepuangap periHlIe XpoM OKCHJI, TeMIp OKCHI, TaJoJHHUMA
OKCHUJIi, METaJl KapOOHATTapkI, IMMOH KBIIIKBUIBI JKOHE TIIMIEPHH KONJaHbLIIbL. JINMOH
KBIIIKBUTBI MEH TJIMIICPHHII TyHOA peTiHIe KOJJAaHy MOHO(A3aNbIK YITUIepre OH acep
ereni. Aneiaran TyHOa 600-1100°C Temneparypa nuana3oHbIHAA TOMOTCHH3ALUSIIBIK
Ky#zipyre ymsipan, yariiepaid Oipiry JeHreiie xeTyi peHTTeH Au(pOKTarpaMMaliapbl
HeTi3iHae OakputaHgbl. PeHTreHodaszanblk Tangay oiciMeH KpUCTAIIAPIBIH (a3albik
KypamMbl MEH CHIaTTaManapbl 3epTTeNJli, CHMMETpHs TYypi, Japa YSIIBIKTapAbIH Tapa-
MeETpJIepi, PeHTIeHOTPa(USIIBIK KOHE MUKHOMETPHSIIBIK THIFBI3ABIFB aHBIKTANIBL. Kyp-
neni apamac QeppUTTIH PEHTIEHIK AU(PAKIHACH HOTHKeNepiHin mypbicThirsl (10%/d%)
KaOBIKapallbIK KAIIBIKTHIK KBAaJIPAaTTAPHIHBIH KEpi MOHAEPiHIH KCIIEPHUMEHTAIABIK JKOHE
€CeMNTIK MOHJCPIHIH JKaKChl COMKEC KeJIyiMEeH pacTajaabl. PEHTTCHIIK JKOHE MUKHOMET-
PUSIIBIK THIFBI3JBIKTAP MOHJCPIHIH KaHaraTTaHApJIBIK KeJiciayl ToxipuOenik HoTHKe-
JIEpAIH TYPBICTHIFBIH JNeIACH .

Tyiiin ce3mep: XpoMMeH JIONMpIIeHreH (eppuT, 301b-TENbIl MPOLECTEP; KPUCTAIIBI
KYPBUIBIM/Iap; HAHOKYPBUIBIMAAP; JOIHPIIEY; PEHTIeHIIK AUPPaAKIHSL.

Pe3rome

M. M. Mamaes, C. M. Cakcena, H. b. Abuwesa,
K. U. Typcunoea, M. P. A60paiimosa, I'. C. Onanbex

CUHTE3 1 PEHTTEHOTPA®OUYECKOE MCCJIEJJOBAHUE
XPOMUTA —DOEPPUTA I'AJJOJIMHNM ST COCTABA
Gd.xyMeCry sFe( s0;( Me = Ca, Mg, x~0,7)

B HacTosmiedd paboTe TMPEACTABICHO PCHTTCHOJIOTHYCCKOE  HCCIICIAOBAHHE
CHUHTE3UPOBAHHOTO 30Jb-TeNII METOJOM HOBBIX XpPOMHUT-(PeppuUTOBEIX (a3 cocrapa:
Gd.xxMeCrsFeps03;( Me = Ca, Mg, x~0,7). B kauecTBe HCXOAHBIX MaTEpHAIIOB
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WCIIOJIb30BAJMCH OKCHJ] XpOMa, OKCHJI XKeJie3a, OKCHJI raloJIMHUS, KapOOHAaThl METaJUIOB,
JIUMOHHas KuciaoTa u riuunepud. Iloka3aHo, 4TO IpUMEHEHHE JTUMOHHOM KHUCIOTHI U
TJIMIEpPHHA B KAYECTBE OCAIUTENs OKa3bIBACT MOJIOXKUTEIHHOE BIMSHUE Ha MOHO(a3HbIC
o6pa3mpl. Ocaiky MOJBEPrajli TOMOTCHU3NPYIONIEMY OOXHTY B WHTEpBAJIE TEeMIIEpaTyp
600-1100°c, mocTikeHHWEe YPOBHS CIIeKaHHs OOpas3lloB KOHTPOJIMPOBAJIM Ha OCHOBE
PEHTTEHOBCKUX AM(PAKIIMOHHBIX Tpoduieir. MeToqoM peHTreHo(pa30BOro aHaIH3a HC-
cienoBaH (a30BBIi COCTaB M XapaKTEPHCTHKH KPHCTAIUIOB, OMPEACIECH TUI CUMMETPHH,
rapamMeTphl €IMHNYHBIX Y€K, PEHTICHOrpapUIECKUEe M MUKHOMETPHUYECKHIE IIIOTHOCTH.
[IpaBUIILHOCTD pE3yJIbTATOB PEHTICHOBCKOW MU(PAKIHMU CI0XHOTO CMEUIaHHOro (ep-
pHUTa MOATBEP)KAAETCS XOPOIIMM COBIAJEHHEM 3KCIIEPUMEHTAIBHBIX M PACUCTHBIX 3HA-
qeHMi 0OPATHBIX 3HAYCHUH KBaIPATOB MEXILIOCKOCTHBIX paccrosamii (10*/d?). Vnosmner-
BOPUTEJIbHAS COIVIACOBAHHOCTh 3HAYEHUI PEHTT€HOBCKON M MUKHOMETPUYECKOM IIIOT-
HOCTEH J10Ka3bIBaeT MPaBHIBHOCTh SKCIIEPUMEHTATIBHBIX PE3yJIbTaTOB.

KnaioueBsbie cioBa: (GeppuT AONMPOBAHHOM XPOMOM,30JIb-T€Nb IMPOIECCHI; KPHC-
TAJUIMYECKUE CTPYKTYpPbI; HAHOCTPYKTYpPBI, JIETHpOBaHWE; AU(PAKLUS PEHTTCHOBCKUX
JTy4ei.
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VK 631.812:631.812.12

C. VCMAHOB', I T. OMAPOBA’, I1I. FAHBAIIJAEBA', 3. H. PAMA3AHOBA',
B. TOJIKBIH!, P. V. MAXMYVOB’, X. C. VCMAHOB’

'AO «MHcTUTYT XMMHIUecKuX Hayk umenn A. B. BekTyposa», Anmartsl, Pecriy6nuka Kazaxcran,
>TOO «HIIO «Ana Xep», AnMarsl, PecriyGrnka Kasaxcran

®U3NKO-XUMHUYECKUE U TOBAPHBIE CBOMCTBA
OBOT ALIIEHHBIX Y/IOBPEHUI

AHHoTanusi. MuHepanbHble y00peHHsI UIPAOT BaKHYIO POJIb B MOBBIIICHUU ypO-
XKaWHOCTH CEIIbCKOXO3SMCTBEHHBIX KyJbTYp. [ opraHu3anuy MpaBUILHOIO XPaHEHUs,
TPaHCIIOPTHPOBKH, CMEIIMBAHUS M BHECEHHS MHUHEPAIbHBIX YAOOpEHHH HE0O0XOIMMO
M3y4YUTh (DPU3NKO-XUMHUYECKHE U TOBapHBIC CBOMCTBA. B CBSI3UM C 3TUM HaMU W3JIOKECHEI
pe3yabTaThl UCCIENOBAHUN THMIPOCKONUYHOCTH, BIArOEMKOCTH, CJIEKHUBAEMOCTH, IHa-
MeTpa CBOZO00pa3yIOIIEro OTBEPCTHS, MPOCEBAEMOCTH M yIJla €CTECTBEHHOTO OTKOCa
oborameHHbIX amMModoca W aMMHAYHOH CEeNUTpBl MHKpoOHoynobpenmem MOPC
Mapku «by.

KuroueBsie c1oBa: oborameHHble yaoopeHus, MUKpoonoynoopearne MOPC mapku
«B», THTPOCKONIMYHOCTB, BIATOEMKOCTh, CIIC)KUBAEMOCTh, TOBApHBIE CBONCTBA.

BBenenue. MuHepansHbIe YIOOPEHUS UTPAIOT BAXXHYIO POJIh B TIOBBIIIEHUH
YPOXANHOCTH CENbCKOXO3IMCTBEHHBIX KyJbTYp. IIpu mosiBieHuM HOBOro yno-
OpeHHsI Ha PBIHKE CENIbX03TOBAPONPOU3BOANTENCH HHTEPECYET HE TOIBKO COJep-
KaHUE 3JEMEHTOB MHUTaHHUA (MAaKpo- ¥ MUKPOAJIEMEHTOB), a TaK)Ke arperatHoe
COCTOSIHME, BO3MOXXHOCTh COBMECTHMOCTH WX ApyrMMu Tykamu. OnHAKo, 3TH
nHpOpPMALMK elIe TOJBKO CaMoe Hadalo «IyTH» yIoOpeHHs K ypoxkatro. Ha
MIPAKTUKE YaCcTO HEOOXOTUMO HMETh EJO0 C TPAHCIOPTHPOBKOH M XpaHEHHEM
yaoOpeHnii Ha MPOTSHKEHWH JOCTATOYHO JUINTEIBHOTO BPEMEHH, II0Ka OHHU
normagyT Ha mone. Ho W ux momajgaHue Ha MoJie TAaKXXKE OYEHb BO MHOTOM
OIPENETAECTCS HE TOJIBKO XapaKTEPHUCTUKAMHU HCIIOJIB3YEMOM AJI 9TOrO0 TEXHUKH,
HO W CBOMCTBaMH camux yAoOpenuii. i opraHu3aIiy MpaBUILHOTO XPaHEHHUS,
TPaHCIIOPTUPOBKH, CMEIIMBAHUS W BHECCHHS MHHEDPAIBbHBIX yIOOpeHUil HeoO-
XOAMMO 3HATh MX (PU3MKO-XMMHYECKHE M TOBapHBIE CBOMCTBAa. DTH CBOMCTBa
ynoOpeHuii, Hapsoy ¢ colepKaHUEeM B HUX ACHCTBYIOIIMX BELIECTB, ONPENEIISIOT
WX Ka4eCTBO W arpoXuMHUECKyIo 3pdexTuBHOCTS [1, 2].

BaxnpiMu (U3MUECKUMH TIOKa3aTesIMU  yIOOPEHHH SBISIFOTCS THIPO-
CKONHMYHOCTb, BIArOEMKOCTb M CIIE)KMBAEMOCTb, a TOBAapPHBIMH CBOWCTBAMHU -
JUaMeTp CBOA0OOPA3yIOIIET0 OTBEPCTHUS, IPOCEBAEMOCTh M YTOJl €CTECTBEHHOI'O
oTkoca. V3yueHune NaHHBIX CBOMCTB TYKOB aKTyaJbHBI, TAK KaK OHU TO3BOJISIOT
MIPaBUJIBHO OPTaHU30BaTh TPAHCIOPTUPOBKY, XPAaHEHHE U BHECEHHE UX B IIOYBY.

Lenp manHo# paboOTHI- M3yUueHHE (PU3NKO-XUMHUUECKAX W TOBAPHBIX CBOMCTB
amMmodoca ¥ aMMUAYHOW CeNUTPHI, 000TallleHHBIX MUKpoOnoyaodpeanem MOPC
Mapku «b».
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OKCIIEPUMEHTAIJIBHAA YACTD

Memoodwsr uccnedosanus. I'MTPOCKONIMYHOCTb, BJIATOEMKOCTh, CIIEXKHBae-
MOCTE OIPEACIISIIN 10 MeTomuke [3], a muaMeTp CBOI000pa3yIoIIero OTBEPCTHS,
IIPOCEBAEMOCTh, YTOJl €CTECTBEHHOTO OTKOCa - 110 [4].

Omnpenenenue TUTPOCKOIIMYHOCTH W COPOIIMOHHOW BIIArOEMKOCTH TYKOB
OCHOBaHO Ha WX BIIATOMOTJIONIEHWH B 3KCHKATOPax NMPH OTHOCHUTEIHHOW BIIaX-
HoctH 40, 60 u 80%, uro coorBercTByeT IOXHBIM, leHTpanbHbIM U CeBepHBIM
pernonam PecnyOnukn Kazaxcran. OTHOcCHTENbHAas BIXHOCTH aTMOCQEpHI
CO3/1aBajiach IyTEM CMEIIMBAHUS JAUCTHILIUPOBAHHON BOJBI C KOHIIEHTPUPOBAH-
HOM cepHOW KHCIOTOW. B OIOKCHI C TPUTEPTON KPBIIIKOH BHOCAT HABECKU
HCCIIEYyEeMbIX MpernapaToB M IIOCJIE B3BEIIMBAHMA Ha AHAJIMTHYECKHX Becax
ITOMEMIAIOT B SKCUKATOPHI, TAE MPOUCXOJUT TOTJIONEHNe Biaru. Yepes Kaxsie
CYTKH HPOM3BOASAT B3BELIMBAHHE OIOKCOB C HABECKAMH 10 HACTYIUICHHS paBHO-
Becus - Ha 12—14 cyT.

Crne)XnBaeMoCTh - CKIOHHOCTH YJIOOpPEHHS MEPEXOTUTh B CBSI3HOE M YILIOT-
HEHHOE COCTOSIHME, 00pa30BbIBaTh KOMKHM HJIM CIUIOIIHBIE CIHMThIE Macchl. Ilpn
3TOM yJ00peHHe TepseT CBOIO CHIMTyuecTb. METOJMKa ONMpEeesIeHUs CleXUBae-
MOCTH 3aKJIOYaeTcs B TIOMENICHWH IPOMYKTa B Pa3beMHBIH METaITMYeCKHAN
uunuHAp BeicoTo 50 MM u auametpoMm 20 MM, U BBIAECPKUBAHUU €rO IMOJ Ha-
rpy3koit 2 kr B Teuenue 12 u mpu temmeparype 80 °C ¢ MOCIEIyrONIMM BH-
3yaJbHBIM ONpPEeIEHHEM KOMKYEMOCTH 00Pa3IioB.

[uameTp cB0O100Opa3yIOLUIETO0 OTBEPCTHSA ONPEAEISIIOT IyTeM CBOOOIHOTrO
NPOITYCKaHUsl MOPOIIKOOOPa3HOro MPOAYKTa 4epe3 OTBepcTHe auamerpom 10—
50 MM, KOTOPBI 3HAYUTEIHHO BJIMSET HA BBHIOOP ILIOMIATN TIOIIEPEYHOTO Cede-
HUS BBITPY3HOTO JIIOKA KOHTEHHepa. Brirpy3Hoe oTBepcTHe ¢ HanOoJbIIEH IUIO-
II3JIbI0, TP KOTOPOM HAOJIFOIAETCs CBOJ0OOPAa30BaHUE, HA3BIBAIOT CBOJ00OpA-
3ytomM oTBepcTreM. OmpenensioT mpoceBaeMocTh IyTeM momenierns 0,5 kr
HPOJYKTa B KOHYC MO HAKIIOHOM B 60° K TOPU30HTY ¥ 3aTeM OIPEICIISIOT BPEMst
BBITpY3KkH uepe3 oTBepctue 20 MM. OrpenerneHre MPOU3BOAAT B Oamiax Io
Mepunry.

IIpoceBaeMOCTb — 3TO CHOCOOHOCTH YAOOPEHUI NMPOXOAWUTH Y3KHE ILENH
BOpPOHKH, HEe 00pa3ysi CBOJIOB, M HE 3aBUCasl, YTO OKa3bIBa€T OCHOBHOE BIIHMSIHUE
Ha TPOIECC MPOXOXKACHUA yMOOpPEeHHWH 1O TOBEPXHOCTSM BBICEBAIOIINX arlla-
paToB. YTOJI €CTECTBEHHOTO OTKOCA ONPENEIIAIOT IIyTeM BhICHINTaHUs BELIECTBA HA
[JIAJIKYI0 TOBEPXHOCTh W 3aMepoM OOpa3yromerocsi yria ¢ IMOMOIIBI0 YIJIOo-
MEpHBIX MHCTPYMEHTOB. JTO CaMbIii OOJBIION yToJl CIyCKa IO OTHOIIEHHIO K
JMHUY TOPHU30HTA, IPH KOTOPOM TBEpble YAOOPEHUSI MOTYT XPaHUTHCS B Kydax
0e3 pactekaHusi W ckaTbiBaHuA. Ero 3HaueHWe HEOOXOAWMO YYHTBHIBATH TPHU
3aKiIajKe yAoOpeHHWs Ha XpaHEHHe HACHIIBIO, MPH MPOEKTHPOBKE OYyHKEPOB U
CKJIaJICKMX ITOMELICHUH, Mog00pe TPaHCHOPTHBIX CPEICTB.

OOBeKTaMH HUCCIIENOBAaHUN SBISIOTCS amMMOQOC, aMMuaudHas CeJIHuTpa,
oboramennsie aMmmodoc 1 ammuayHast cenutpa. OboramieHne IPOBOIMIN TyTEM
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HAaHECCHHS Ha WX IOBEPXHOCTh PAacTBOpa MHKpoOuoynoopenus MOPC mapku
«b», cogepxamrero 0,1 macc.% ITAB (maypmicynshoHaT HaTpus).
XapaKTepUCTHKH MOJTyHYEHHBIX MIPOITYyKTOB MpeICTaBIECHbI B Tabmuie 1.

Tabmuma 1 — Xapakrepuctuku aMMo(oca 1 aMMUAYHON CETTUTPBI, 000TaleHHBIX
MuKpo6roynoopenreM MOPC mapku «b»

Hopwma nokazareneit, %

Haumenopanue nokasareneit amMmodoc, aMMHaYHAs CENNTPA,
00O0TalIeHHBIH oboramieHHas
MaccoBas 0315 00IIIET0 a30Ta B MepecueTe 10 337
Ha CyXO€ BEHIECTBO, HE MEHEE >
MaccoBast 1071 ycBOsieMbIX (ocaToB, He MeHee 44 -
Maccosas gonss MOPC mapku «b» ot Beca ynoOpenuit 0,1-0,5 0,1-0,5
MaccoBast 107151 BOJIbI, He 0oJiee 0,7 0,1

PE3VYJIbTATBI U X OBCYXXJIEHUNE

Kpurepruem OLEHKM T'MI'POCKOINMYHOCTH 3E€PHUCTBIX M IOPOLIKOOOPa3HBIX
XUMHYECKUX MTPOIYKTOB SIBJISIETCS BIArororionieHNe U PaBHOBECHAS BIIAXKHOCTb.

Ha pucynke | npuBeneHbl KpUBBIC BIATONOTIIONIEHUS aMmMo(doca BO BpeMe-
HU (CYTKH) IIPU OTHOCHUTEIBHOM BiakHOCTH aTMocdepsl 40, 60 u 80 %.

W3 mony4eHHbIX TaHHBIX CIIEAYET, 9TO B CIIy4ae OTHOCHUTEIbHOW BIaXHOCTH
atMocdepsl 40%, YTO COOTBETCTBYET JIETHEMY IIEPUOIY FOKHBIX PETHOHOB,
paBHOBecHas BiIakHOCTH (W) ammodoca coctasnsier 0,92 mac.%, T.e. mpu IaH-
HOM OTHOCUTENHHOW BIAXKHOCTH aTMOC(eEphl He IPOUCXOANUT BIIATOIIOTIIONICHHS.
[Ipu otHocuTenbHON BiaxxkHoCTH arMocdepsl 60% (BeCeHHe-JIETHUI TEpUO)
paBHOBECHasl BIAKHOCTh HACTYIAeT MpH Biarocopepxkanuu 1,7 mac.%, a npu
80% (ocenne-3uMHUit iepuox) — 3,7 mac. %.
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PucyHnok 1 — /lnHaMuKa BIaronoriomeHs aMMo(pOoCOM BO BPEMEHH,
MPU OTHOCHUTENLHOM BIakHOCTH aTMocdepbr: 1 —40; 2 — 60; 3 — 80%
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HccnenoBanusi O ONpeeNieHHI0 BIaroeMKOCTH aMMOQoca MOKa3alld, 4To
o0pa3zoBaHre CBOOOIHOM BIIaru HacCTYMAET MPU €ro Biarocoiepxanuu 7,8 mac.%.

Wzyuenue ciexuBaeMocTd amMModoca IPH €ro MaKCHUMaJbHOM BJAaroco-
nepxaann 3,7 mac.%, COOTBETCTBYIOIIEM OCEHHE-3UMHEMY TEepHOIY XpaHEHHS,
nokasano, 4to obpasiel mpu Temmeparype 80 °C He MOABEPIIUCH CIUMAHUIO H
KOMKOBAaHHUIO.

Pesynprarer mcciaenoBaHuil CBHIETENECTBYIOT O TOM, 9TO aMMO(OC MOKHO
XpaHUTh T0J] HABECOM HAaBAJIOM U MEPEBO3UTH OECTapHO, AaXKe B OCEHHE-3UMHHUI
nepuoz Kasaxcrana.

Ha pucynke 2 mpexacraBieHa OWHAMHKA BIIArOMOTJIOMICHHWS aMMHAYHOMN
CENUTPON. YCTAaHOBIIEHO, YTO PaBHOBECHAs BJIAXHOCTb MPU OTHOCUTEIbHOM
BrnaxHoctn 40% Hactymaer npu Buarocogepxkanuu 0,2 mac.%, mpu 60% —
0,6 mac.% u npu 80 % — 1,1 mac.%.
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Pucynok 2 — /luHamMHKa BIIaromnorjiomeHnss aMMAAYHON CETTUTPOI BO BPEMEHH,
TPU OTHOCHTEIBHOH BIaxxHOCTH atMocdepsr: 1 —40; 2 — 60; 3 — 80%

HccnenoBanns BIaroeMKOCTH W CIIEKMBAEMOCTH aMMHAYHOW CEIUTPHI
MOKa3alyu ee Majlylo BilaroeMkocTth — 1,9 Mac.% u ciexxnBaeMoCTh NpPU BIaX-
HoctH 1,1 mac.%.

PesynpTaTel umcCcnenoBaHWI TMOATBEPKIAIOT BO3MOXHOCTb XpaHEHUs U
[IEPEBO3KY aMMHAYHON CENUTPHI B OyMa)KHBIX FITH TOJIMITHICHOBBIX MEITKaX.

OmnpeneneHo, YTO paBHOBECHAs BJIAKHOCTh MHUKpoOHOynoOpeHus MDOPC
Mapku «b» (pucyHok 3) mpu oTHOcuTenbHOW BiaxkHocTH 40% HacTymaer mpu
Brarocoaepxanuu 0,15 mac.%, npu 60% — 0,5 mac.% u npu 80% — 0,9 mac.%.
HccnenoBanust BIaroeMKOCTH M CIIEKUBAEMOCTH MUKPOOHOYJIOOPEHHUS TTOKA3aIN
€ro BBICOKYIO BiaroeMkocTs — 10,2 Mac.% u oTcyTcTBHE ciexuBaHusd. buonpe-
mapat [0 Biarocojep:xanus 8,5 mac.% He clexuBaeTcs.

Bonbuioe mpaktudeckoe 3HaYeHHE HMMEIOT JaHHBIE 0 JAMHAMUKE BIIAro-
MOTJIOIICHHUS, PABHOBECHOW BIIQKHOCTH, BIIATOEMKOCTH U CJIEKHBAEMOCTH 000Ta-
IIeHHBIX MUKpoOuoynoopennem MOPC wmapku «b» ammuauHo# cenuTpsl U
amModoca.
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Pucynok 3 — Jlunamuka BiaronorionieHus Mukpooroynobperns MOPC mapku «b» Bo BpeMeHn,
MIPU OTHOCHUTENBHOM BlakHOCTH aTMocdepbr: 1 —40; 2 — 60; 3 — 80%

Ha pucyHke 4 mnpencTaBiieHbl JJaHHBIE MO TIOTJIONICHUIO BJIard aMMO(OCoM,
oOorameHHbIM MUKpoOnoyaodpennem MOPC mapku «b» B konmmuectse: 0,1; 0,5;
1 mac.% B cpaBHEHMH C HEOOOTalIeHHBIM aMMO(OCOM NpPU OTHOCHUTEIHLHON
BIakHOCTH aTMocdepst 40 %.
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Pucynok 4 — JluHamMuKa BIarornoryIoneHus aMmModoca u aMmogoca, 000raneHHOro
MHUKpoOnoynoopenreM MOPC mapku «b», Bo BpeMEeHH IPH OTHOCHUTEIBHOM BIaKHOCTH
atMochepsl 40%: 1 — ammodoc; 2 — ammodoc, odoramennsii MOPC mapxku «by, 0,1mac.%;
3 — ammodoc, oboramennsiii MOPC mapkw, 0,5 mac.%;

4 — ammococ, oboramennsit MOPC mapku «by, 1 mac.%

Ecnu B cnywyae ammodoca paBHOBECHAs BIQXXHOCTh HAcTyMaeT HpPU BJaro-
cogepxxannu 0,92 mac.% (xpuBas 1), To Mukpoouoynoopenne MOPC mapku «by»
B kommyectBe 0,1 Macc.% CImOCOOCTBYET CHIDKCHHIO BIIATOCONCP)KAHUS HaA
0,2 macc.% (xpuBast 2), Ipu KOTOPOM HACTYIIAeT PABHOBECHAS BIAXKHOCTb.
VYBenuuenne copepkanus Ouompenapata mo 0,5 m 1 macc.% mnpuBomur K
TAIbHEHIIEMY CHIDKEHHIO TOYKH PABHOBECHOH BIIAXXHOCTH, KOTOpas HMEET
3nauenue 0,88 mac.% (xpuas 3) u 0,85 mac.% (kpuBas 4).
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AHanornyHasi 3aKOHOMEPHOCTh IPOCIEKUBACTCS W TPH OTHOCHTEIHbHOU
BiakHocTH atMmocdepsl 60 (pucynok S5a) u 80% (pucynok 50). Tak, ecnu B
ciyyae ammodoca, IpU OTHOCHTENIBHOH BIaXKHOCTH atMmocdepsl 60%, paBHO-
BECHasl BIAXKHOCTh HACTYIAET MpH Biarocoaepxanuu 1,7 mac.% (pucyHOK Sa,
kpuBas 1), To Mmukpoouoynoopenue B komudectse: 0,1; 0,5; 1 mace.%, cnoco6-
CTBYET CHWXCHHUIO TOUKH PABHOBECHOW BiIakHOCTH 10: 1,6 Macc.% (pucyHoxk Sa,
kpuBas 2); 1,55 macc.% (pucynok Sa, kpuBas 3); 1,3 macc.% (pucyHOK Sa,
kpuBasi 4), coOOoTBeTCTBeHHO. [IpH OTHOCHUTENBHOW BiaxxHOCTH atMochepbl 80%
paBHOBECHasi BIAXHOCTb amMMo(oca HAcTyNaeT IPH €ro BIArOCOACPKaHUU
3,7 mac.% (pucynok 50, kpuBas 1), a amMmodoca, 000TameHHOr0o MUKpOOH0y 100-
pennem B konudectse 0,1 , 0,5 u 1 mac.%, npu Bnaroconepxanuu 3,5 (pUCyHOK
56, xkpuBas 2), 3,4 (pucynok 50, kpuas 3) u 3,3 macc.% (pucyHok 56, kpusas 4),
COOTBETCTBEHHO.
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Pucynok 5 — JluHamMuKa BIaromnoryionieHus ammodoca u ammooca, 060raieHHoro
MHKpOOHOYI0OpEHHEM, BO BpEMEHH IIPH OTHOCUTENILHON BIIaKHOCTH aTMocdepsl: a) 60, 6) 80%:
1 — ammodoc; 2 — ammodoc oboramieHHbIH, 1,7 Mac. %o;

3 — ammodoc oboraieHHbIi, 1,55 mac. %; 4 — ammodoc oboramieHHsIi, 1,3 mac. %
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Bnaroemkocts ammodoca, obGorameHHOro Mukpoobouoymodopernem MOIPC
mapku «b» B komuuectse 0,1; 0,5 u 1 macc.%, nmeer 3naguenue §; 8,1 u 8,3 mac.%,
COOTBETCTBEHHO. [lOBBINICHHE 3HAYCHHS BIAroeMKOCTH OOOTalICHHOTO aMMO-
¢doca Ha 0,2-0,5 mac.% B cpaBHeHUH ¢ HeoOorameHHbIM (7,8 Mac.%) oObsICHs-
€TCsl BBICOKOH BIIarO€MKOCTBI0O MUKpoOmoymoopenus (10,2 mac.%). Ymnobpenus
HE CIIe)XUBAIOTCS IO BIarocoiepxanus 7,5 mac.%.

Ha pucyHke 6a mpencTaBieHbl JaHHBIE 110 MOTJIONICHUIO BIIAard aMMHAYHON
CeNUTPOH, oOoramieHHOW MHKpoOuoynoopennem, B kommuectBe: 0,1; 0,5;
1 mac.% B cpaBHEHHH C HEOOOTAIICHHOW IPU OTHOCHTEJILHON BJIQYKHOCTH aTMO-
cheprr 40%. Ecnmn B ciiyuae aMMuauyHOH CENUTPON pPaBHOBECHAs BIAKHOCTh
HacTynaeT npu Biarocogepxkanuu 0,2 mac.% (pucyHok 6a, kpuBast 1), To MHKpO-
ounoynobpenue B konmdectBe 0,1 mac.% crmocoOCTBYeT CHM)KEHHIO TOYKU pPaB-
HOBECHOH BIa)KHOCTH 110 Biiarocoaepxkanus 0,18 mac.% (pucyHok 6a, kpusas 2).
YBenuuenue cojaepkanus Ouomnpemnaparta Ha 0,5 u 1 mac.% mpUBOAMUT K Hamb-
HeHIeMy CHW)KEHHIO TOYKH PaBHOBECHOH BIa)KHOCTH, KOTOpas MMeET 3HauCHHE
0,16 mac. % (pucyHok 6a, kpusas 3) u 0,17 mac.% (kpuBas 4).

AHanornyHas 3aKOHOMEPHOCTh MPOCIEKUBACTCS W IPH OTHOCHTEIHLHOU
BIaxHoctu atMocdepsl 60 (pucyHok 60) m 80% (pucyHok 6B). Tak, ecnm B
clly4ae aMMHAYHON CETUTPHI, IPH OTHOCUTENHFHOW BIAXHOCTH atMochepsl 60%
PaBHOBECHAs BIAXHOCTb HacTyMaeT npH Biaroconaepxanuu 0,6 macc.% (prUCyHOK
66 xpuBas 1), To Mukpoduoynodpenue B xomuuectse 0,1, 0,5 u 1 macc.% cno-
COOCTBYET CHIDKEHHMIO TOYKHM paBHOBECHOH BiaxsHocTd 1o 0,58 mac.% (pucy-
HOK 60, kpuBas 2), 0,57 mac.% (pucyHok 60, kpusas 3), 0,55 mac.% (pucyHok 60,
KpHBas 4), COOTBETCTBEHHO.

ITpu oTHOCHTENBHOH BiakHOCTH atMocdepsl 80 % paBHOBeCHas! BIAKHOCTh
aMMUaYHOUW CEMUTPHI HACTyMHaeT mpu ee Biaarocoaepxkanuu 1,1 mac.% (pucyHox
6B, kpuBasg 1), a aMMHayHOH CEIHMTpPHI, 00OTalIEHHON MUKPOOHOYIO0OpeHHEM
MOPC mapku «b» B xonmgectse 0,1 , 0,5 u 1 macc.%, npu Binarocoaepxanuu 1
(pucynox 68, xpuBas 2), 0,8 (pucynok 68, kpusas 3) u 0,75 macc.% (pucyHOK 6B,
KpuBas 4), COOTBETCTBEHHO.

CBoJiHbIC JIAHHBIC TUTPOCKOTIMYECKHX XaPaKTEPUCTHK aMMHUAYHOW CEITUTPHI
u ammodoca, oborameHHbIXx MUKpoonoynoopeaneM MOPC mapku «by», B cpas-
HEHMH C He 000raleHHBIMU TyKaMH IpeAcTaBiieHb! B Tabnune 2. 13 moiydeHHbIx
JaHHBIX CJIEAyeT, 4TO Majass TUTPOCKONNYHOCTh, BBICOKAs BIAroeMKOCTb U
HECKJIOHHOCTh K CJICKUBAHHI0O MHKPOOMOYIOOpeHHUs CcroCcOOCTBYET MOIYUYCHHUIO
00OTaleHHBIX YA0OPEHUH ¢ XOpOIMMHU PU3UKO-XUMHUYECKIMU CBOHCTBAMHU.

OKcliepuMEHTAIBHBIE TaHHBIE MO OINpPEIeNICHHIO JHaMeTpa CBOI000pa3ylo-
IIETO OTBEPCTHUS, MPOCEBAEMOCTH M YIJIa €CTECTBEHHOTO OTKOca amMModoca U
aMMHAYHOW CENUTPHI, 00OTalIeHHBIX MUKpoOnoynoopeanem MOPC mapku «by,
B CpaBHEHHM ¢ aMMO(GOCOM M aMMHAYHOU CEJIUTPOi Oe3 Ouornpernapara mpe-
JCTaBJIEHBI B Tabnuie 3.

IMpu wccnenoBaHWM BXOJHBIM IMMAPAMETPOM SIBUIIOCH BJIArOCOZCPIKAHKE,
OTIpEe/IETISIIOIIee PABHOBECHYIO BJIAKHOCTh yAOOpPEHWH TPH OTHOCHTEIHHOMN
BiaxkHocTH atMocdepst 40 %, 60 % u 80 %.
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Pucynok 6 — JluHamuka BJIaronorJomeHus aMMHUaYHOM CeTUTPBI U aMMHUAYHON CEITUTPOI,
oboraieHHoi MuKpoonoynoopenrneM MOPC mapku «by,
BO BPEMEHH IIPU OTHOCUTEIBHOI BlIaXXHOCTH aTMoc(epsl - a) 40, 6) 60, B) 80%:
1 — amMuayHas cenuTpa; 2 — aMMHaYyHas ceauTpa, oboramennas MOPC mapku «by, 0,1mace. %;
3 — ammuavHas cenutpa, odboramennas MOPC mapku «b», 0,5 macc. %;
4 — amMuavHas cenutpa, oboramenHas MOPC mapku «by», 1 macc. %
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Tabnuna 2 — ['urpockonuyeckue cBocTBa aMModoca i aMMHAYHOM CETUTpPhI, aMModoca
¥ aMMUaYHOM CENUTPHI 00OTaIEHHBIX MUKPOOHOY100peHnEM

l'urpockonunueckue cBoHcTBa

OTHOCH- | paBHO- | OTHOCH- | paBHO- | OTHOCH- | PaBHO- BlIa-
Vno6penns TeNbHAs | BecHas | TenbHas | BecHas | TelbHas | BecHas | TOEM-
BJIX- BJIX- BIIAXK- BIIAXK- BJIAXK- BIaX- | KOCTh
HOCTb HOCTb HOCTb HOCTb HOCTb HOCTb WK,
at™m., % | W, % at™., % W, % at™., % W, % %
Ammodoc 40 0,92 60 1,7 80 3,7 7,8
AMMuavHas cenuTpa 40 0,2 60 0,6 80 1,1 1,9
MOBPC mapku «b» 40 0,15 60 0,5 80 0,9 10,2
AmMmodoc, oborarieHHbIi MUKpoOnoynoopenneM MOPC mapku «b»
OOoranieHHbIH
avmodpoc 0,1 vac.% 40 0,90 60 1,6 80 3,5 8
OO0oraieHHbIiI
ammodpoc, 0,5 Mac.% 40 0,88 60 1,55 80 34 8,1
Oboramentsi 40 0,85 60 13 80 3,3 8,3

ammodoc, 1 mac.%

AMMEa4Has cenuTpa, odborameHHas MUKpoonoynoopernem MOPC mapku «b»

AC, oborammennas, 40 0,18 60 0,58 80 1 2
0,1 mac. %

AC, oborareHHas, 40 0.17 60 0,57 80 0,8 2,2
0,5 mac.%

AC, o?orameHHaﬂ, 40 0,16 60 0,55 80 0,75 2,4
1 mac.%

Ammodoc npu paBHOBecHOW BiaxkHoctd 0,92-3,7 mac.% umeer nuamerp
cBosooOpasytomiero orBepctus 10-25MM, mpoceBaemocth o MepuHry — 8 u
Oosce 8 0aIOB M yroj ecTecTBEHHOro orkoca 30-36°, uro obecrneunBaer
paBHOMEpPHOE M CBOEBPEMEHHOE 3a/ICJIbIBAHKE €ro B MOYBY MOCPEICTBOM MeXa-
HUYECKOTO arperara.

[Tapamerpsl nnameTpa cBOJ00OpA3yIOMIETO0 OTBEPCTHS U MPOCEBAEMOCTH 10
MepuHry ONpeAensioT BO3MOXKHOCTH PaBHOMEPHOTO BHECEHUS MHHEPaJIbHBIX
ynoOpeHuil B MHOYBY IIOCPEICTBOM MeXaHM3auuH. M3 NOJTy4eHHBIX JaHHBIX
CIIeJlyeT, 9TO aMMHadHasi CeTUTpa Mpu paBHOBecHOH BiaxxHocTH 0,2-0,6 macc.%
UMEeT 3HauCHHE auaMmerpa CBojooOpasytomiero oreepctus 10-20 MM, mpoce-
BaeMOCTH 10 MepuHry — 8 u 6oinee 8§ 0ayuIOB M yrila €CTECTBEHHOTO OTKoca 28-
32° uto obecrieurBaeT PaBHOMEPHOE M CBOCBPEMEHHOE 3a/IC/BIBAHKE €€ B MTOYBY
MOCPEJICTBOM ~ MEXaHH4YeCKOro arperata. [Ipu paBHOBECHOH  BIIaXXHOCTHU
1,1 macc.% ammuayHas cenuTpa TEpAET MOABMXKHOCTb, NPH 3TOM JHAMETP
CBOJOOOPA3yIOIIero OTBEpCTHA HMeeT 3HaueHue S50 MM, MPOCEBaeMOCTb 10
Mepunry — MeHee 8 OaUIOB M COOTBETCTBEHHO YroJl €CTECTBEHHOTO OTKOCA
40°.
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Tabmuma 3 — [lnameTp cBO00Opa3yIOMeTro OTBEPCTHS, IPOCEBAEMOCTH,
YTOJI €CTECTBEHHOT0 OTKOCa aMMO]0oca, aMMHAYHOH CEIUTPBI U
oboraeHHbIX MUKpobroynobperneM MOPC mapku «b» ammodoca 1 aMMHadHOH CETUTPHI

OtHoc. | Bnax- Juametp VYron
IIpocesae-
Pa3mep | Biax- HOCTb | CBOZI0OOpaA- voets o | €CTECT
Y nobpenus YacTHI, | HOCThb ymo0- syromero |\ BEHHOTO
MM aTMoOC., | peHus, | OTBepCTHH, PHHLY, OTKOCa,
N o 6ab
% % MM rpaayc
40 0,92 10 boutee 8 30
Ammodoc 14 60 1,7 20 8 33
80 3,7 25 8 36
40 0,2 10 bonee 8 28
AMMHAITAS 1-2,5 | 60 0,6 20 8 32
cenuTpa
80 1,1 50 MeHee 8 40
Ammodoc, oborameHHbI MuUKpooroynoopeaneM MOPC mapku «by»
Ammodoc, 40 0,90 10 6omee 8 32
MOPC mapku «b» — 14 60 1,6 10 boutee 8 34
0,1 mace. % 80 3.5 15 8 35
Anmodpoc, 40 0,88 10 Goxnee 8 30
MOBPC mapxu «by» — 14 60 1,55 10 6oee 8 32
0,5 mace.% 80 34 15 8 34
Ammodoc, 40 0,85 10 Goiee 8 29
MDOBPC mapku «b», 14 60 1,3 10 boutee 8 31
1 mace.% 80 33 15 8 33
AmMunavHas cenurtpa, oborameHHast MEKpoonoynoopernem MOPC mapkn «b»
AC, 40 0,18 10 Goiee 8 26
MDOBPC mapku «b» — 1-2,5 60 0,58 15 boutee 8 28
0,1 macc. % 30 1 75 g 33
AC, 40 0,17 10 boutee 8 26
MDOPC mapku «b» — 1-2,5 60 0,57 10 6outee 8 27
0,5 mace.% 80 0.8 20 8 32
AC, 40 0,16 10 bomee 8 26
MOBPC mapku «b» — 1-2.,5 60 0,55 10 boutee 8 27
I mace.% 80 0.75 20 8 32

Awmmocdoc, oborameHHblit Mukpobuoynobpenuem MDOPC mapku «b» B
kosmuecte 0,1-1 macc.% npu oTHOCUTENBHON BiaxkHoCTH aTMocdeps! 40, 60 u
80%, oOnmamaeT XOpPOIIMMH TOBAPHBIMH CBOWCTBAMH, XapaKTEPH3YIOIINMUCS
JUaMEeTpOM CBOAO0OPa3yOLIEr0 OTBEPCTHsl, IPOCEBAEMOCTBI0 U YIJIOM €CTe-
CTBEHHOT'O OTKOCA.
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Amvmvuadnas cenurtpa, odoramerras MOPC mapku «by», Ipu paBHOBECHOM
Bnaxxunoctu 0,18 — 1 macc.% umeer quameTp cBogooOpasyromero orepetus 10—
25 MM, mpoceBaeMoCTh 10 MepuHry — 8 1 6onee 8 6ajuIoB M yroil eCTECTBEHHOTO
oTkoca 26-33°, 4ro obecreynBaeT paBHOMEPHOE U CBOEBPEMEHHOE 3a/IC/IbIBAHHIE
ee B TIOYBY IOCPEICTBOM MexaHndeckoro arperara. Conmepskanne MOPC mapku
«b», 0,1 u 1 macc.% Takke MOBBINIAET TOBAPHBIE CBOMCTBA aMMHAYHOM CEIUTPHI,
U COOTBETCTBEHHO, 00ecreunBaeT paBHOMEPHOE W CBOEBPEMEHHOE 3a/IeTIbIBaHNE
€€ B MOYBY TIOCPEJICTBOM MEXaHWYECKOTO arperara.

BriBoabI.

1. Ha ocHOBaHMM MOJIy4€HHOTO KOMILIEKCAa (PU3UKO-XUMHUYECKHX U TOBap-
HBIX CBOWCTB, OOOTaIlleHHBIX MHUKpOOHOymoOpeHmeM ammodoca W aMMHAYHOU
CEJINTPHI, TOKa3aHO, YTO OOOralleHHbIE TYKH OOJaJalOT BBICOKOH BIaroém-
KOCTBIO, MAJIOM TUTPOCKONUYHOCTBHIO, HE CIIEXMBAIOTCS, 00JaJal0T XOPOIIMMHU
TOBapHBIMA CBONCTBAMH, XapaKTEPU3YIOIIMMHUCS AHMAMETPOM  CBOJ0O0Opa-
3YIOIIETOCS OTBEPCTHS, POCEBAEMOCTHIO M YTJIOM €CTECTBEHHOTO OTKOCA.

2. Tlonmy4eHHbIe pe3yJabTaThl SBJSIOTCS OCHOBOM OINpEAETeHHs YCIOBUI
CYLIKH, XpaHEHHS, TIEPEBO3KN MEXaHW3UPOBAHHOTO BO3JENbIBaHUS B MOYBY 000-
rameHHsIX ¢ MuKpoonoyaoopennem MOPC mapkn «b» ymobpenwii, a Taxxe BBI-
Oopa amnmnapartypsl Jyis 000TaIlCHUS.
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Pe3iome

C. ¥cmanos, I'. T. Omaposa, Il Banbawaesa, 2. H. Pamasanosa,
b. Tonxwin, P. V. Maxmyoos, X.C. ¥cmanos

BAUBITBUTFAH TBIHANTKBIILITAPIBIH ®U3NKAJIBIK-XUMUSUIBIK,
KOHE TAYAPJILIK KACUETTEPI

MuHepanpl THIHAWTKBIITAP aybUl [IApYallblIbIFbl JaKbUIIAPBIHBIH OHIMAUIINH
apTTBIpYJia MaHBI3Ibl PO aTkapaabl. MUHEpasIbl THIHAWTKBIITAPBI TYPHIC CAKTay/bl,
TachIMaJJay/bl, apajacThIPyJbl JKOHE EHTrI3yll YHBIMIACTBIPY YIIH (HU3UKAIbIK-
XUMUSUTBIK JKOHE TayapilblK KacHeTTepiH 3epTrey KakeT. OcbiFaH OaiiaHBICTBI OCHI
Makanaza "b" mapkaigsr MOPC MUKpOOHOTHIHANTKBIIIBIMEH OalbIThUIFaH aMModoc TeH
AMMUAKTHI CEIUTPAHbIH TMI'POCKOMNUSUIBIK, BUIFAJ CHIMBIM/BUIBIFBI, HBIFBI3AATYHI, JKUBIH-
TBIK KYpayIllbl TECIKTIH AWAMETpi, €leHyl jKoHEe TaOWFfH CHICIHIH OYPBIMIBIHBIH 3€pTTeY
HOTWXKeNepi OassHaanFaH.

Tyiin ce3aep: GalbITHUFaH THIHAWTKEIITAP, "B" Mapkaxsr MOPC MHKpOOHOTHIH
ANTKBIIIBI, THUTPOCKONMSIBUIBIFBI, BUIFAl CHIMBIMABUIBIFBI, HBIFBI3AATYBI, TayapiIbIK
KacueTTepi.

Summary

S. Usmanov, G. T. Omarova, Sh. Baibachshayeva, E. N. Ramazanova,
B. Tolkyn, R. U. Makhmudov, H. S. Usmanov,

PHYSICAL-CHEMICAL AND PRODUCT PROPERTIES
OF THE ENRICHED FERTILIZERS

Mineral fertilizers play an important role in increasing crop yields. To organize the
proper storage, transportation, mixing and application of mineral fertilizers, it is necessary
to study the physical, chemical and commercial properties. In this regard, this article
presents the results of studies of hygroscopicity, moisture capacity, caking, diameter of
the arch-forming hole, sifting and angle of repose of enriched ammophos and ammonium
nitrate by microbial fertilizer MERS brand "B".

Key words: enriched fertilizers, microbial fertilizer MERS brand "B", hygroscopi-
city, moisture capacity, caking, commercial properties.

139



XUMWYECKHH )KYPHAJI KA3AXCTAHA

VK 541.64:678.74
XK. E. JDKAKYIIOBA, XK. K. KATKAHBAEBA, C. M. BEPJJEHOB

EBpasuiickuii HannoHaneHbIH yaHBepcuTeT uM. JI.H.I'ymunesa, Hyp-Cyunran,
Pecny6nuka Kazaxcran,
AO «KMK-MyHnait», Axrobe, Pecrry6ika Kasaxcran

HUCCJIEJIOBAHUE ®U3NKO-XUMHUUYECKHX
OCOBEHHOCTEM BBICOKOBSI3KUX HE®TEUN
JIJISI HOBBIIIEHUS HE®@TEBBITECHEHUSA

AHHoTanusi. Ha oCHOBE pe3ysbTaTOB TEOPETHUECKUX M IKCIIEPHMEHTAIBHBIX HC-
CJICIOBAaHUHA MAECHTH(HUIMPOBAHBI MOKa3aTEeIW IUIOTHOCTH, TIIyOWHBI 3alleTaHus, Cepo-
COJIepKaHMs Ka3axCTaHCKHX HedTel. [IpoBeneH aHamM3 HW3BECTHBIX CHOCO00B d(dek-
THUBHOM BBIPAOOTKH TPYIHOM3BIEKAEMBIX 3aMacoB HE()TH HA MECTOPOXKICHUAX YHUKAIb-
HBIX 0 IUIONIAJM, MOIIHOCTH HPOJYKTHBHOH TOJIIH, TJIOTHOCTH 3aMacoB M XapakTepy
Hachlmaomux ¢GuonnoB. VccnenoBanbl (QU3NKO-XUMUYECKUE XaPAKTEPUCTHKH HE(PTH,
IUTaCTOBOM BOABI M BOAOHE(TSAHOM cucTteMbl HedTel Mectopoxnennid Kymcait u Kok-
XKuje. YCTaHOBJIICHO, YTO HE(TH HCCIEAYEMBIX MECTOPOXKICHUI SIBIISIOTCSI BBICOKOBSI3-
KUMH napapuHUCTEIME. OHH COZIepaT B CBOEM COCTaBE 3HAUNTEIBHOE KOJIMYECTBO TO-
BEPXHOCTHO-aKTUBHBIX BEIIECTB, a TAKXXE CMOJBI, acalbTeHbl U apOMaTHYECKHE yTiie-
BOJIOPOZHBIE COCTMHEHMS, KOTOpPHIE BIUSIOT Ha (OPMHUPOBAHHE cCOCTaBa MEK(pa3HOTO
cJ10st He(pTH 1 3aKOHOMEPHOCTH PacIpeeICHHUs B IOPOBOM ITPOCTPAHCTBE.

Bbicokast BS3KOCTh, Kak (hakTOp TEKY4YECTH, BIMSIET HA TTOABM)KHOCTh HEPTH 1 BO3-
MOKHOCTh NPOKadkd BO (IIOMAAxX, MO3TOMYy He(TeoTIada IUIACTOB HAa TAKUX MECTO-
POXICHUSAX 3aTpyIHACTCA U ychoxkHseTcs no0erya. [IpoBenen ananus HedTel Ha comep-
aHue BoAbl MerogoMm JluHa-CTapka M MHHEpPAIOTHYECKUH aHalIM3 IJIACTOBBIX BOJI.
Y CTaHOBIEHO, YTO BBICOKOE COJICPIKaHHUE BOJIBI C PACTBOPEHHBIMU XJIOPUCTHIMHU COJISIMH B
KauecTBE JUCIEPCHOH (ha3bl TaKoKe yCHIMBAET CONPOTUBIICHUE IIepeMelIeHus U (Ha30Boro
pacIpeeaeHuUs KUIKOCTEH.

KaioueBsie ciioBa: He)Th, BEICOKOBSI3Kas HE(PTh, MECTOPOXKACHHE, IIJIACTOBAs BOAA,
He(TEeBBITECHEHNE, TIOINMED.

BBenenme. [Jons MecTOPOXIEHUIN CO CIOKHOW HEOJHOPOJHOU CTPYKTYpPOM
U TPYAHOU3BIEKAEMBIMH 3allacaMH Ha Pa3IMYHBIX CTAJIUSX OCBOCHHS HEMpe-
pBIBHO pacteT. Heo0X0MMMOCTh HOBBIX M YIIyUIIEHHE CYIIECTBYIOIINX METOJIOB
yBeNUUEHUS HePTeoTnaun TpeOyeT YCTAaHOBJICHHUS YCJIOBHH M METOAOB BO3-
IercTBHA a1t 00pa30BaHMsl yCTONYMBEIX HE(PTAHBIX CTPYKTYp. B cBs3u ¢ yBenn-
YeHWeM JOJ¥ TPYJHOW3BIEKAEMBIX 3alacoB HE(TH B MHUPE B IMOCIEIHHUE TOIBI
0COOEHHO OCTPO CTOMUT BONPOC O MPHUMEHEHHUH Pa3InYHbIX METOJOB YBEIUYCHUS
HedreoTnaun. Ha ceromHsSmiHWN JeHP CYIIECTBYET MHOXKECTBO COBPEMEHHBIX
METO/IOB, YCIIEIIHO MTPUMEHAEMBIX Ha BCEX MeCTOpoXkAeHHX [1-8], HecMoTps Ha
pa3NuYHble KOJUICKTOPHBIC ITOKA3aTelIH MECTOPOXKIACHUH, (H3MKO-XUMHUYECKHE
CBOHCTBa HE(TEH, MOBEPXHOCTHO-IUCIIEPCHBIC XAaPaKTEPUCTHKH  IUIACTOB.
Kazaxcranckue HedTH XapaKTepHU3YIOTCS KaK BBICOKOBS3KHE M MapadUHUCTHIE, C
TIOBBLINICHHBIM COJIEPKAHUEM CEphl [9], MOITOMY MPEUMYIIECTBO KaKOTO-IHO0
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METOoAa yBCHI/I‘ICHI/IH He(i)TCOTI[a‘H/I HE ABJISICTCA OCHOBAHHUEM JIA O6HICFO HpI/I-
MCHCHHS B KAaUCCTBC 3(1)(1)CKTI/IBHOFO METOoAa BO3).'[CI>1CTBH$I. Bos3Hukaer HeO6X0-
JIUMOCTBb pa3pa60TKH CHCHHaJ’IBHOﬁ TCXHOJIOTHU YBCINYCHUA He(l)TeOTI[a‘II/I IS
KaXXa101ro MeCTOpO)KlIeHI/ISI, KAQ4CCTBCHHOT'O I/I3yquI/I$I, KaK caMUux HOBerHOCTHBIX
CHJI IJIaCTa, TaK U Ka4YC€CTBCHHOI'O aHaIu3a BOZ[HO-HG(l)TﬂHOﬁ CHUCTCMBI B IIpH-
CYTCTBUH COIIYTCTBYIHOIIMX KOMIIOHCHTOB, CHOCOGHBIX BJIUATH Ha HUX CBOWMCTBa
[10-13].

OKCIIEPUMEHTAJIBHASI YHACTD

[InoTHOCTE HEdTAHON dMyNnbcuu MecTopokaeHnid Kymcait u Koxkune Obuia
onpeneneHa apeomerpuueckn mpu Temneparype 20, 50°C cormacio T'OCT
3900-95. OmpexneneHne MEXaHMYECKUX TMPUMECEH OCYIIECTBIISUIOCH COTIACHO
I'OCT 6370-83. Kunemarndeckas BI3KOCTh He(hTel onpe/iesieHa npu 20°C.

Omnpenenenne conepxanus acGaabTeHOB IPOBOIMIOCH METOIOM BBIICICHUS
ac(haTbTEHOB H-TENTAaHOM W METPOJICHHBIM 3(hHUPOM W3 HepTH ¢ MOCIEAYIOImEeM
¢ubTpoBaHueM. PacTBopeHHYI0 B (DMibTpaTe CMOJY OIpEAeNsiiv, aacopOupo-
BaHHEM Ha CHJIMKaresie u AecopOupoBaHHEM CIIMPTO-TOIYOJBHON cMeckio. Komm-
YEeCTBEHHOE COJAEp)KaHWE XIJIOPUCTBHIX COEAMHEHUH OIPeNeIeH0 3KCTParupo-
BaHHEM COJIeH M3 HE(TAHOW dMYJILCHM U TUTPOBAHHUEM BOJHOTO JKCTPAKTa IO
MeToxy Mopa. ns ompexaeneHus: conepikaHus BOAbl B HE()TH HCIOIB30BAIH
merton /Iuna-Crapka. AHanmu3 mpo0 TUTACTOBOW BOJBI MPOBOIMICA (OTOMET-
prugeckuM MetoaoM Ha mpubope Hach DR3900.

PE3VJIbTATBI U UX OBCYXJEHNE

Crneunduka MHOTOKOMIIOHEHTHOH HE(TSHOH cHCTeMBbl TpeOyeT yCTaHOB-
JICHUS] B3aUMOCBS3M XHMHYECKOTO cocTaBa HePTH € (HU3UKO-XUMHUYECKIMH
CBOMCTBaMU M HAJMOJICKYJIIPHOU CTpyKTypoi. CiemoBaTesibHO, MOAOOP COOT-
BETCTBYIOIICH METOAUKH TOBBIIICHUS HEPTEOTAAYH MPEIINoaracT pelIeHus
LIEJIOTO KOMIUIEKCa 3aJad, CpeId KOTOPBIX HCCIENOBAHUE KOMIIOHEHTHOTO
cocTaBa W (PU3UKO-XUMHIYECKUX CBOWCTB HE(PTIHOIN IMYIHCHH UTPAET KIIIOUEBYIO
pouib [14-17].

Jnis WccnenoBaHUsT TEXHOJOTHYECKUX TMapaMeTpoB He(TEOTIaun H3YyUIEeHBI
Heptr MectopoxacHui Kymcait m Koxxkuae. DTH MECTOPOXKICHUS HAXOATCS B
AxTiOOMHCKOM oOnmactu. CoOrJIacCHO ONMCAHMSAM KOJUIGKTOPHBIX — CBOMCTB,
NpOayKTUBHBIE TOpu30HTH Kymcalickoro u KOKXUAMHCKOTO MECTOPOXKIACHUMA
He()TH OTKPHITHI B pe3ysibTaTe OLEHKH HEe(hTEHOCHOCTH IOJIOKUTENBHBIX CTPYK-
Typ HaJicoJieBoro komiuiekca. [1o coctaBy mopos pa3pessl 3ITUX MECTOPOKACHUN
AQHAJIOTUYHBI, HO OTJIMYAIOTCS TE€O0JOTMYECKHM BO3pacToM. MecTopoxIeHus
Pa3IMYAIOTCS BEPTHKANBHBIM JMAITa30HOM HE(PTera3oHOCHOCTH, CBOHCTBaMH
KOJUIEKTOPOB M SIBIIAIOTCS HAACOJIEBHIMH. B HM3y4UeHHOH YacTH TeoIOTHYeCKOTO
CTPOCHUS MEXKKYTOIHHOTO TIOMHATUS MECTOpOoXaeHus Koxkume mpoayKTHUBHBIC
TOPU3OHTHI IPEJICTABICHBI Pa3HO3EPHUCTHIMU MeCYaHUKaMU. ['a30HaCHIIIEHHOCTD
IJIaCTOBOU HEe(THU SBIISIETCS HU3KOM [18].
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[IpopaboTansl MoOKazaTeny MO OOLIEMY COJEPKAHUIO CEpbl, IUIOTHOCTU
HepTH 1O TiIyOMHE 3ajeranus 53 MEecTOPOXKAEHHH, KOTOPbIE HAXOMISATCS B JKC-
miyarauuu [19, 20]. IlokazaTtenn Mo KOMIIOHEHTHOMY COCTaBY Ka3aXCTaHCKHUX
He(Tell MpeacCTaBIIeHBl B OCHOBHOM JIETKHMH TE€TEPOATOMHBIMHU COETHHEHHSIMH.
Hnst ycTaHoBIeHHsI ONpeAe]CHHOW KiacCH(UKalHMW, CHCTEMAaTH3allMu Cepo-
COJCP)KaHUsI M 3aBHCUMOCTH (PU3MKO-XMMHYECKHX CBOMCTB INPOBEACH aHAIM3
JMAHHBIX JUISI CPETHUX W TSDKENBIX Ka3axXCTaHCKuX HedTed (tabmummal). s
omnpe/ie/icHUsT 3aKOHOMEPHON 3aBHCUMOCTH (PU3UKO-XMMHUYECKUX CBOWCTB I10
3THUM MECTOPOXAECHUSAM YCTaHOBJIEHBI UX U3MEHEHHUE C POCTOM CEPOCOAEP KAHUS
(pucysok 1).

Ta6mmna 1 — KomnoneHTHsli coctaB Hedti MecTopoxaennit Koxxnne u Kymcait

CopepaHue KOMIIOHEHTOB Hlassatue MeCTOPOIACHH
Koxxune Kymcait

Mexanndeckux npumeceit, % 1,57 1,43
XJOPUCTBIX COeit, T/MI 0,02 0,016
Boagl, % 0,15 0,21
IMapadunos, macc.% 0, 87 0, 83
Cwmoun, macc % 5,11 4,90
AcdanpTeHoB, macc % 0,11 0,09
HenpenenbHbIX YIIeBOJOPOIOB, OPOMHOE YHCIO 0,462 3,54
ApOMaTHYECKHX YTIEBOJOPOIOB, %o 5,9 32

Bricokoe 3HaueHHMe TUIOTHOCTH HEQTSIHBIX ASMYJIBCHHA BBI3BAIO HEOOXO-
JUMOCTh OTIpENEICHU MEXaHMUYECKUX TNpHUMECEH, COJAepKaHHE KOTOPBIX Ipe-
BhIlIaeT 3HadeHue, nomyckaemoe I'OCT 6370-83. Hanuune Takoro KojauM4ecTBa
MEXaHWYEeCKUX MpUMeceil B OOIbIIeH CTeTIeHn 00yCIIaBIMBAET BHICOKHE 3HAYCHUS
IUIOTHOCTH M BSI3KOCTHBIX IOKa3aresied. BA3KOCTh SIBIAETCS XapaKTEPUCTUKOU
TEKy4YecTH, T.€. HOABWKHOCTH HE(PTH WIM He(PTENPOAyKTa, BOZMOXHOCTU IPO-
Kadkd BO (pmrompax W SBISETCS OCHOBHOW XapaKTEPHCTUKON BBICOKOBSI3KHX W
napadMHOBBIX He(Tel, MOITOMY OmpelielieHa KWHEMaTHUECKas BA3KOCTh HedTen
(Tabnuua 2).

CornacHO 3HAa4YeHUSM KMHEMAaTH4ECKOM BS3KOCTH, HE(TH HAHHBIX MECTO-
POXOCHUH O0JIafaroT BA3KOW TEKY4YeCThIO, HETATHMBHO BIMSIONIEH Ha Kammi-
JSIpHOE TEYEHUE U Ha TOJBIKHOCTH HE(TH B TUIACTOBBIX yCIIOBUSX (Tabnuna 2).

o conepxanuio achaabTCHOB U XJIOPUCTHIX COCAMHEHUH YCTaHOBJICHO, YTO
rccienyeMasi HeTsHas IMYJIbCHS COAECPXKUAT MPAKTHUYECKH CIIEJOBOE KOJINIECTBO
XJIOPUCTBIX coequHeHui (tabnuma 1). MaccoBas KOHIICHTpAIMs XJIOPHUCTHIX
cojeld HaMHOrOo MeHbIIE KOHLEHTPAaUuH, ykKa3aHHOW B TpeboBanuu ['OCT
51858-2002 anst HedTel nepBOi rPyIIIHL.

OU3HKO-XUMHYECKHE XapaKTepPUCTUKN HeTel ucciaenyeMbIx HedTel mpe-
CTaBJIeHbI B Tabiuue 2.
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Tabmina 2 OHU3nKo-XUMHUYECKHE XapaKTepUCTUKH Hedrel MecToposkaennii Kowkune n Kymcait

HazBanue mectopoxxeHust
OmnpenensemMple XapaKTePUCTHKH
Koxxune Kymcait
InotHOCTS, T/cM?, 20°C 0,9255 r/em’ 0,8835 r/em’
IlnoTHOCTB,I/eM’, 50°C 0,919 r/em’ 0,882 r/cm’
KunemaTuueckas BI3KOCTh, Mm>/c, 20 C 93,7 Mmm/c 88,23 mm*/c

N3BecTHO, YTO CBOMCTBA HCCIICAYEMBIX KOMIIOHEHTOB HE(TH HAXOJIATCS B
3aBHCHMOCTH OT KOJIMYECTBA O0OMX KOMIIOHCHTOB B CHCTEME «BOJa B HEe(TH».
Bricokoe conepkaHue BOIBI B Ka4eCTBE JUCIEPCHON (ha3bl XapaKTEPH3yeT BHI-
COKYIO0 YCTOWYUBOCTH BOJHO-HE(DTSHON IMYJIBCHH, a TAaKKe OOBICHICT BHICOKHE
3HAYEHUS IUIOTHOCTH W 3(P(PEKTUBHON BSI3KOCTH aHAIU3UPYEMOW HeTIHOU
CUCTEMBI.

I[To maHHBIM TAaOIUIBI, B CHCTEME HAOJIOJAETCS OTHOCHTEIBHO BBICOKOE
COJIEp’KaHUE BOJIbI, C PACTBOPCHHBIMU XJIOPUCTHIMH COJISIMH, YTO TAKXKE MOXKET
YCUJIMBATh COMPOTUBJICHHUE MEpPeMEIIeHNs U (Ha30BOTO PACIIPENEICHHUS KUIKOC-
Teii. HedTs ¥ Boma B TuracTax Kak HECMEIIMBAIONIUECS YKUAKOCTH IO-PAa3HOMY
B3aMMOJICHCTBYIOT C TOPOJIOW, C AKTUBHBIMU PAOOYMMU areHTaMU U MEXIY CO-
00l B 3aBHCHMOCTUA OT KOMIIOHCHTHOTO COCTaBa He(pTU, MUHEPAIBHOTO COCTaBa
Boabl. Jlns ycraHOBIIeHUS (PM3MKO-XMMHUYECKHX XapaKTEepPHCTUK (Pa3oBOTO pac-
MpeIeIICHUs ONpeieicHa JIOTHOCTh HedTel U MPOBEACH aHaIM3 MPo0 MIacTOBOH
BOJBI HccheayeMbrx Mectopoxaenuit. [Ipu pH = 7,88 u 7,03, minoTHOCTH TUTaC-
TOBOM BOnbI coctaBisgioT 1,002 m 1,004 MF/M3, coziepkaHue oOIIero xiopa
coctasmio 0,03 u 0,06 mr/m, oOmas xectkocTh 7, 43 1 6,96 Mr/m mipu oOImIeH
MHUHepanu3auud 6,2 u 7,1 T/ COOTBETCTBEHHO Aisi HeTEH MEeCTOpOKICHUI
Kywmcait u Korxokune. B muracToBeIx BoJlax Hapsiiy € XJIOPUAaMU OOHApYKCHBI B
3HAYHUTEIBHBIX KoaudecTBax (10 3,1-3,16 Mr/r) OukapOOHATHI KIS U MarHus,
KOTOPBIX YacTO HA3bIBAIOT COJIIMU BPEMEHHOW JKECTKOCTH. AHAIM3 JaHHBIX 110
COCTaBy IUIACTOBOM BOJBI MOKAa3aj, YTO, HECMOTpPS. Ha TEPPUTOPHAIBHYIO OJH-
30cTh MecTtopoxaeHuil Koxxuae nu Kymcait, cogepxanue cojeit 1 MeEXaHU4eCKUX
nmpuMeceil MOXKET CHUJIBHO pasiudaThes. I103TOMy HEO0OXOAMMO IPOBOAUTH
HCCJICIOBAHUS 110 KAKIOMY MECTOPOKIACHUIO OTJIEIBHO.

YuuThIBas, 4TO TUIACTOBAs BOJa C HE(PTHIO 00pa3yeT YCTOHYHUBYIO SIMYIIbCHIO
M Ha MOBEPXHOCTH paszjeia (a3 MOKET BO3HUKATh OTHOCHTEIBHO MPOYHAS THJI-
podobnas tuteHka. [loBbIIEHHOE COJAEPKAHHE CMOJHCTO-ac(aabTEHOBBIX
BEIICCTB B COCTaBEe paccMaTpuBaeMbix Hedred [18] mpHBOIUT K yCTOMYMBOCTH
AMYIIBCUI H MPEAOTBpANIaeT KoaleCIeHIN0. TakuM o0pa3om, BO3HHKAET HE00-
XOJUMOCTh BBEJCHHUS THAPO(GHILHBIX arcHTOB W HCCIEAOBaHUS OOBEKTHBHOU
BO3MOXKHOCTH TMPUMEHEHHUS HE(TEBBITCCHSIONICTO TOJUMEpPA JUIS MOBBIIICHUS
OXBaTa NPOHHIIAEMOH YacTH NPOAYKTUBHOTO 1uiacta. CrocoObl yBeIHMUeHUs
He()TECOTIaud HA OCHOBE IOJHUMEPOB CIIOCOOCTBYIOT YMEHBIICHHIO OTHOIICHHUS
MOJIBUKHOCTH BOJABI U Hetu [19-22]. B 3aBUCHMOCTH OT TOBapHBIX CBOHCTB
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mojauMepa Mnpu MNpUEMIIEMBIX KOHICHTPALUAX BA3KOCTH BOJbI MOXET GBITI)
YBEJIMYCHA B HECKOJIBKO JIECATKOB pa3. [Ipu 3akauke B IIacT pacTBOPOB TUAPO-
(DMITBHBIX TIOMMMEPOB YBENWYMBAeTCS KOI(POUIIMEHT OXBaTa 3aJie)Kd BO3JCH-
CTBHUEM 3a CYCT BBIPpABHUBAHUA BA3KOCTU HG(I)TI/I u BBITeCHHIOIlIeﬁ KUIOKOCTH.
OIHOBPEMEHHO TMPOUCXOIUT HEKOTOPOE YMEHBIICHUE CpPEAHEW MPUEMHUCTOCTH
HarHeTaTeNIbHBIX CKBRXWH W3-32 IOBBIMIEHUS BSI3KOCTH 3aKauYWBAE€MOW BOJIBI.
Kpome Toro, Ha mMpHEMHCTOCTh CKBa)KHHBI OKA3bIBACT BIUSHHE CHIDKCHHE (a-
30BO# MPOHUIIAEMOCTH JJIsi BOJBI M3-3a B3aUMOJICHCTBHS M aJICOPOIIUN MOJICKYII
MOJIMMEPA Ha MOBEPXHOCTH NOPO kL. [l03TOMY OyIMyT MCIOIB30BaHBI IOTUMEPHI U
MTOJITMMEPHBIE CHCTEMBI ISl pa3paboTKu crocoba HepTeoTnaun WHANBUAYIHHO
0J] KaYKJIbIH THUIT METOPOXKICHUI.

Takum 00Opa3oM, HCCIEAOBaHUS TO3BOJMIN YCTAaHOBHTH, YTO OCHOBHBIC
OTKIIOHEHHUS OT KJIACCHYECKHX ToKa3aTellel B INCIIEPCHBIX cHCTeMaX He(pTH, KaKk
CHMKCHUC TIOJIMAUCIICPCHOCTH B MOJICKYJIAPHOM COCTOAHUH, JUCHICpCHAasA
yCTOfI‘IHBOCTB TMOBBIIACTCA B 3aBUCUMOCTH OT PAa3HUIIBI IUIOTHOCTEH Ha rpaHune
pasnena ¢a3. 3aKOHOMEPHOCTH OOPa30BaHHUS KOATYJSIHOHHBIX CTPYKTYp MpH
M3MEHEHUHN BA3KOCTHBIX CBOWCTB MOTYT OBITh MCHOJB30BAHBI I Pa3pabOTKH
croco0a HeTEOTAaYH C UCTIOIb30BAHUEM OJIMMEPOB.
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Pe3iome

K. E. Jicaxynosa, XK. K. JKamkanbaesa, C. M. Bepoeros

MYHAMJIBIH bIFBICTBIPYBIH APTTBIPY YIIIH ACA TY¥TKBIPJIbI
MY¥HAWJIAP/IbIH ®N3UKA-XUMUAJIBIK EPEKIHEJIIKTEPIH 3EPTTEY

Teopusutblk KoHE TOKIPUOETIK 3epTTeyNepliH HoTwxkenepi OoitbiHma Kazakcran
MYHaIapbIHBIH THIFBI3IBIFEL, Maliaa 00y TEpeHAIri ®oHe KYKIPT KYpaMbIHBIH KOpCeT-
KIiIITepi aHBIKTAIIbl. AyJIaHbl, OHIM/AI Ka0aTThIH KAJIBIHABIFBI, KOPJIAapIbIH THIFBI3bIFbI
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MEH KaHBIKTBIPAThIH CYHBIKTBIKTAP/IbIH CUIIATEl OOMBIHIIIA €peKIlle KEH OPbIHAAPAaH KUbIH
OHIIPUICTIH MyHail KOPJApbIH THIMII OHIIPYAiIH OCNrili omicTepiHe Tajmay Kacaiibl.
MyHaiabIH, JXep acTbl CyJapblHBIH koHe Kymcait men Kexkuime kKeH OpbIHAApbIHAH
JIBIHFaH MYHal - cy )KyHeciHiH (QU3MKa-XUMUSUIBIK CHIIATTaMalaphl 3epTTENreH. 3epTTe-
JIETIH KeH OPBIHJAPBIHBIH MYHaIIapbl ©Te TYTKBIP JKoHE NapaduHai eKeHl aHbIKTaJFaH.
OnapaplH KypamblHIa MyHalaplH (azaapaiblk KaOaThIHBIH KypaMbIH KaJbIITACTHIPYFa
MKOHE KEYEKTi KeHICTIKTE Tapajly 3aH/bIIBIKTapbIHA SCep €TeTiH, OSTTIK - OenceH i 3aTrap
eayip Meuliep/e, CoOHIal-aK maibipiap, acaibTeHaep KoHE apoOMaTThl KOMIpCYTEKTi
KOCBUIBICTAp 0ap.

JKorapbl TYTKBIPIBIK aKKBIIITHIKTHIH (AKTOPBI PETIHIE, MYHAHIBIH KO3FaIFBIIITHIFBI
MeH (QIIIouATepe aiay MYMKIHZIITIHE 9cep eTelli, COHABIKTaH MYHIai KeH OphIHIapbIH/IA
KabaTTapIblH MYHAHOEPTIIITIri KHBIHAAWIB! KOHE MYHAHIBI OHAIpY KypaeneHemi. MyHait
KypambIHIa cyaslH O0apbl JnH-CTapk oIiCIMEH aHBIKTANIBI XKOHE JKEp acThl CyJIapIblH
MHUHEPAIOTHSIIBIK Tallaybl JKacajblHIbl. EpireH Xiopnbl Ty3aapbl 0ap CyIblH Kol
Meuiiepi aucrepcTi ¢asza peTiHae CYHBIKTHIKTApAbIH bIIBIPaYbl MEH (ha3alblK Tapaybl-
HBIH KeJIepTiCiH apTTHIPaThIH/BIFbI QHBIKTAJI/IBI.

TyiiiH ce3aep: MyHail, >KOFapbl TYTKbIPJIBI MyHall, KE€H OpPHBI, JKE€p acThl Cy, MyHai-
JIbl BIFBICTBIPY, TIOJTUMED.

Summary
Zh. E. Jakupova, Zh. K. Zhatkanbayeva, S. M. Berdenov

RESEARCH OF PHYSICAL AND CHEMICAL FEATURES
OF HIGH VISCOUS OILS TO INCREASE OF OIL DISPLACEMENT

Based on the results of theoretical and experimental studies were identified indi-
cators of density, depth of occurrence and sulfur content of Kazakh oils. A search for
effective ways of generating hard-to-recover fields, which are unique by its area, the
capacity of productive stratum, reserves density, the behaviour of saturating fluids and etc.
The physical and chemical natures of oils, of formation water and oil-water system from
the Kumsay and Kokzhide fields were investigated. It has been established that oils of
researched fields are highly viscous, paraffinic and contain a significant amount of
surfactants such as tars, asphaltenes and aromatic hydrocarbon compounds which have an
influence on formation interfacial oil layer's composition and the patterns of distribution
in the pore space. High viscosity as a factor of flow affects the oil's mobility and the possi-
bility of pumping in fluids, so oil recovery from such fields is difficult, production
becomes more complicated. The analysis of oil to determine the amount of water in its
composition by the Dean-Stark method and mineralogical analysis of formation water
were carried out. The high water content with the dissolved chloride salts as a disperse
phase also strengthens the resistance of displacement and phase distribution of liquids.

Key words: oil, high viscous oil, field, produced water, oil displacement, polymer
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YK 541.6+678.021.16
M. b. YMEP3AKOBA, B. J]. KPABI]OBA, P. b. CAPUEBA, P. M. HICKAKOB

AO «MHcTuTyT XMMHYeckux Hayk UM. A.B. BektypoBay», Anmatsl, Pecyonuka Kazaxcran

KOMITO3UNIIM HA OCHOBE AJIMINUK/INYECKOI'O IOJIMUMHUJIA
N IMTPUPOJHOI'O MUHEPAJIA MOHTMOPHUJIVIOHUTA

AHHOTaIIl/Iﬂ. B 0630p€ OpeACTaBJICHBI UCCICAOBAHUSA TIO MNOJYYCHHWIO HOBBIX TCP-
MOCTOMKHX KOMIIO3UIIMOHHBIX MATCPHUAJIOB Ha OCHOBC AJIMIHUKINYCCKOIO IMOJMUMHTA U
MOHTMOPHWJIJIOHUTA, a TAKKC, B NPUCYTCTBUU HHaCTI/I(l)I/IHI/IpyIOHII/IX HO6aBOK, IIOJIU3TU-
J'IeHTepe(i)TaHaTOM, TIOJIMITUIJICHIJIMKOJIEM, ITOJIUAKPUIIaMHUIOM, O6Ha,[[aIOHII/IX IOBBIIICH-
HBIMU TEPMHUYCCKUMU U ITPOIYHOCTHBIMHU CBOMCTBaMH IIO CpaBHCHHUIO C MCXOOHBIM ajln-
OHUKIHYCCKUM ITOJTUUMHJIOM.

KiwueBble ciioBa: ANMMIUKIINYCCKUAN MOJIMUMHJ], MOHTMOPUJIJIOHUT, KOMITO3UIIHA,
IMOJIMCMECH.

K macTosmeMy BpeMeHHU MEPCHEKTUBHBIM HAIpaBiICHUEM B 00JIaCTH MOJIU-
(bvKanuu BHICOKOMOJICKYJISIPHBIX COCJIMHEHUI SBISETCS CO3JaHHE MOTMMEPHBIX
KOMITO3UTOB C J00aBKaMU MPUPOJHBIX MHHEPAJIOB TAKWX, KaK KAaOJIMH, EOIUT U
MOHTMOPHJLTOHUT [1-3].

B paboTe npuBeneHbl pe3yabTaThl HCCIICI0BAHUS 0COOCHHOCTEH MOTyUYeHHUs
KOMIIO3UIMIA W3 AIUIUKINYECKOTO IMOJMAMHUAA HAa OCHOBE TUAHTHAPUAA TpPH-
[AKJIOACTICHTETPaKapOOHOBOH KUCIOTH U 4,4'-mnaMuHO AU EHIIIOBOTO ddupa:

o) 0
C C

/ | \

N N-CH,-O-C ,
N N-CeHl H7
C C n
(0] (0]

MOIU(UITUPOBAHHOTO J100aBKaMu MOHTMOpULIoHUTa (MM).

HccnenoBanus npoBOAMINCH B HECKOJIBKO JTaloB, a MUMEHHO, B Haydale
orpenesieHbl 0COOCHHOCTH ()OPMHUPOBAHMS JOCTATOYHO IPOCTBIX IO COCTaBy,
JBOMHBIX, KOMITO3UIIMI1 Ha OCHOBE AJIMIMKINYECKOTO MOJIMUMHUA C MOHTMOPHII-
JoHUTOM [4, 5], 3aTeM TpPOMHBIX Ha OCHOBE AIMLUKINYECKOrO MOIMUMUAA U
nojuMepa iactTudukaTopa ¢ 100aBKaMd MOHTMOPHJUIOHHMTA. B kaudecTBe miac-
TUQHUIUPYIOIETO MOTUMEPa, HCIIOIb3YEMOT0 MTPEUMYIIECTBEHHO IS YITydIIeHUS
(U3NKO-MEXaHHMYECKUX CBOWCTB HEAPOMATHUECKUX MOJMUMHIIOB, UCIIOJIL30BATN
MONMATHIICHTEepedTaNIaT, MOJUAITUICHTINKONb, noiauakpuiamuy [6-10]. Komro-
3WIAM Ha OCHOBE AIHMIHKINYECKOTO IMOJMUMHIA C MOHTMOPHIUIOHHUTOM IOJY-
YJald MEXaHWYeCKUM M PEaKIMOHHBIM MeToJaMu cmemeHus. llpu momydenun
KOMIIO3UIIMHA Ha OCHOBE MOJMHMMHKJA PEAKIMOHHBIM CMEIIEHHUEM H3Y4YEeHO KaTa-
JUTHYECKOE BIUSHHE HEKOTOPHIX (hopM MoanpunupoBaHHOoro MM Ha peakuuio
TTOJIMKOH/ICHCAITIH.
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OKCIIEPUMEHTAJIBHAA YACTb

Homuumun  (I[IM) mnomy4anu OJHOCTAJAUWHOW TOJIMKOHACHCAIIUCH JU-
aHTUApUIa  TPHUIHMKIOACIEHTeTpakapOOHOBOM  KHCIOTHI ¢ 4,4'-munamMuHO-
mupenmioBsiM d3pupom B N,N'-mumermnaneramunae (IAMAA) m N-mermn-2-
nupponuaone (MII) 6e3 karanuzaropa W B NPUCYTCTBUHM MOHTMOPHIUIOHHMTA
(1 mac.%), a cHWHTE3 MONMaMUAOKHUCIOTHI OCYIIECTBIILIN TPU TeMIepaType
20°C B coorBerctBre ¢ Meroaukamu [11]. KuHeTnueckume wcclieq0BaHuUs
npoBoawinck B JIMAA u MII npu KOHIEHTpAlM HCXOJHBIX MOHOMEpPOB —
7 mac. %.

Komno3uuuu mnonyyanu BBeleHUEM MOHTMOpwiioHMTa B 30  %-Hble
pactBopsl onuuMuaa B MII; comepikanne MuHepana BapbUPOBAIM B UHTEPBAJC
0,1-2 mac. %. nga OOCTHXKEHHUS TOMOTEHHOCTH PAcTBOPHI B KAXKIOM Cllydae
NepeMeIINBaIl B TEYEHUE Yaca.

[Inenkn dhopMupoBaM METOAOM TIOJHWBAa PACTBOPOB IMOJTMUMHAA W TIOJTH-
UMUI-OPTaHOMUHEPAITBHBIX KOMITO3UIINN HAa CTEKIITHHBIC TIOBEPXHOCTH; C LETBIO
yAalleHUus pacTBOPHUTENS IUICHKH MPEeABApUTEIbHO BBICYIIMBAIN HAarpPEBaHUEM B
cymmisHoM 1mkady npu Temneparype 90°C B teuenue 0,54, 3aT€M MPOBOAMIN
JIOTIOJTHATENbHY 0 TePMOOOPAOOTKY IIOCTEIICHHBIM MOBEMOM TemIieparyp ot 140

10 250-300°C B Bo3aymiHOM cpejie B Tedenue yaca, 250°C st KOMIO3UIMN €
miactTuuuupyromumu gob6askamu k [1M+opranomunepai.

Ucxonusii MM u (AMM) ankunnpoBansblil {Al,05+(H,0),*Si(OCH3),}
MOHTMOPHJUIOHHUTHI TipefnoctaBieHsl mpod. G.W Beal (Nanophase Research
Center Texac, San-Marcos, USA). MoandunupoBanHas ¢hopmMa aIKHIMPOBaH-
HOrO MOHTMOpHLIOHUTa (AOMM) monydeHa B COOTBETCTBUU C METOIUKON [12]
{A1,O3¢(H,0),*Si(OCHj3),...H,N(CH,);Si(OCH3)s}

Paccnoennas mieHka, oTiaMTas U3 pacTBOpa KOMIIO3WIMM Cpasy IoOcie ee
norydeHusi, obo3nadeHa kak AOMM,, meHka, ornuras u3 pactsopa [1M-+opra-
HOMHHEpaJl, TOJYyYEHHOTO B YCJIOBUSAX PaBHOBECHOM MOJMKOHJIEHCAIINH,
BBIJIEP)KAHHOTO B TeueHue 2-3 nHeid, o0o3HaueHa AOMM,.

Kunerndeckne nccnenoBaHus mporecca MOJIMKOHAEHCAUN B NPUCYTCTBUU
MOAN(UIIMPOBAHHOTO MOHTMOPWJUTIOHHATA OCYymecTBIs MetonoMm HWK-crek-
Tpockonuu 1o meroauke [11]. CriekTpalibHbIM METOAOM Ha CIEKTPo(OoTOMETpe
«Nicolet 5700 FT-IR» mpoBoauiy u3ydeHHE PACTBOPOB KOMIIOZWIIMH U TIOJY-
YEHHBIX M3 HHUX TUICHOK Ha OCHOBE MOJIMUMHJIOB C PA3IMYHBIMU MOJMMEPHBIMU
N00aBKaMy ¥ MIPUPOAHBIM MHUHEPAJIOM MOHTMOPHIUIOHHTOM.

Wpentudukanmio WMCXOTHBIX BELIECTB ONPENCISUIM  PEHTIeHO(a30BbIM
aHamm3oM (PDA) na nudpakromerpe «[POH 3».

Temneparypsl masienuss (Ty,) u creknoBanus (T,) KOMIIO3MIIMOHHBIX
IUIEHOK OTIPENesisuld METOJIOM TepMUYECKOro aHainusza Ha npudopax TGA SDTA
«Metler Toledo» u ma mpudope NETZCH 409 PC/PG npu ckopocTtu Harpesa 4

rpan. -MuH "
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MexaHn4ecKue CBOWMCTBA IUICHOK — IPOYHOCTH Ha pa3phiB (0;) U OTHOCH-
TenbHoe yumuaenne ([), wis 06pasunos pasmepoM 10x10 mm”, TommmHoi 0,45—
0,55 MM m3yvanu Ha pa3peiBHOM MammHe Com-Tem Testing Equipment (USA),
ommnoOKa m3mepeHui + 1,2%.

PE3VIJIbTATBI U X OBCYXXJAEHHNE

HccnenoBanus mokasan, 4To UCXOAHbIM MM He pacTBopsieTcsl B BOAE U
OpraHuyecKux pacTBoputensix. Moaudunuposanusie popmel AMM u1 AOMM
BBOJATCS B MOJUUMHUJT PEAKIIMOHHBIM U MEXaHUYECKHM METOJaMH CMEIIEHUs OT
0,1 mo 2 mac.%. YBenndeHne KOHIEHTPAIMH MOAN(PHUINPOBAHHBIX (OPM MOHT-
Mopwutonuta B IIM mpuBOAMT K BBINAJEHHIO BBOAMMOIO KOMIIOHEHTa U3
peakuuoHHOTr0 pacteopa [13].

W3 monmMep-HeopraHMIecKuX KOMIO3UITHOHHBIX cucteM [T n1 AMM Obin
mosrydeHsl TuieHkH. OOHapyKeHO, YTO Ha MOBEPXHOCTH IUIEHOK, IOJTYYEHHBIX
MEXaHMUYECKMM CMEIIMBaHHEM KOMIIOHEHTOB C TeueHHeM BpemeHu (5—6 mec.)
MOSIBIIATOTCA KPUCTAJUIMYECKHE OOpa30BaHWS HAIMONHUTENS, MPOUCXOTUT Tak
Ha3bIBa€MOE BBHITIOTEBAHHE HU3KOMOJEKYJIApHOro coeauHeHus. Ilpu mcmonb3o-
BaHun AOMM osrtoro sddexra ynaercs u3bexarb, YTO IO3BOJWIO IIPOBECTU
KMHETUYECKHE HCCIEN0BaHMs PEaKIMY MOJIMKOHACH AU annnukiandeckoro 1IN
¢ nobaskamu AOMM wmerogom MKC u olleHWTH BIMSHHUE MUHEpajla Ha XOJ
obpazoBanusi nonmumuga. C 3TOW IENbI0 M3y4eHBl OCOOCHHOCTH MPOTEKAaHUS
peaxkuuii auuIMpOBaHUs U LUKIoAeruapaTanuu oopasosanus 111 B orcyTcTBHE 1
B npucytctBu AOMM, ompeneneHbl X KHHETHIEeCKHE MapaMeTphl U OLEHEHBI
BO3MOXKHOCTH HCIOJIB30BaHMs PA3MUYHBIX (OpPM OpPraHOMHHEPAIOB B KadeCTBE
KaTaJau3aTOpOB OPraHMYECKUX PEaKIUil Iy MONy4YeHHs HAIOJHEHHBIX CHUCTEM.
VYcraHoBieHo, uTo ckopocTh peakuuu B JIMAA Beie, ueM B MII, uto koppenu-
PYeT ¢ paHee NMPOBEICHHBIMU PYHIaMEHTAIBHBIMY UCciieqoBanusMu [11].

[TpucyrctBue AOMM He BIMSiET Ha CKOPOCTh 00pa30BaHUs MOJIMAMHUIOKHC-
notsl. Ha cragnm umuanzammu (npeBpalieHre aMUIOKHUCIOTHBIX TPy B UMUA-
HbIE TUKIBI) B mpucyTcTBue AOMM mpoltecec yCKopseTcs MPUMEPHO B 2 pasa
(tabmuua 1). D10 MOXeT ObITh OOYCJIOBICHO TEM, YTO MpPH JACTHIPaTalluU
¢doprnonuMepa B NPHUCYTCTBUM MOJICKYJl BOABI MPH JOCTATOYHO BBICOKHX
temnepatypax (100-120°C), mo-sumumomy, mpomcxonut ruaponns AOMM c
oOpa3zoBanueM kuciotHoro octatka [HSiO4] [5] u opraHmdeckoro okcHcHIIaHa
(5i05)(CH3)3(CH2);NH,.

OTO0 NpeAnoNoKeHne COBIAJAET C TUTEPaTyPHBIMH JaHHBIMU [1], 0 TOM, 4TO
B BOJHO-OPTaHMYECKHX CpEelax TpH BBIACICHWH BOJABI TPH aHAITOTHUIHON
TEeMIEepaType BO3MOXKEH T'MJIPOJIM3 YACTHIl HAMOJHHUTENS 10 BBILICHa3BaHHOIO
KHCIIOTHOTO octatka. M, Takum oOpaszom, cuimkar-uoH [HSiO4]” mHMImEpyeT
MIPOIIECC IMHUIU3AINN aMHIOKHUCIIOTHBIX (DParMEeHTOB 110 M3BECTHOMY MEXaHHU3MY
KHCIIOTHOTO Karanmuza [11].

Bcernencrue 3THX NpUYKH, BO3MOXKHO, Ha MTOBEPXHOCTH IUIEHKH, chpopMuUpo-
BaHHBIX cpasy nociie cuatesa [11 ¢ nobaBkamu AOMM mpu TepmoodpaboTke 10
200°C, poABISIOTCS KPUCTAIIMIECKHE 00Pa30BaHUS.
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Ta6muna 1 — Kunetndeckue napamMeTpsl peakiiui HMHIM3AIMH [P MTOTYyYSHUH ATHIUKINYECKOTO
noimuuMuza B orcyrersre (1) u B mpucyrctsun AOMM (2), pactBopurens IMAA

K, 1°10°, ¢!
T,°C 172842 o 1177242 o
1 2 1 2
80 9,11 18,50 0,66 15,60
100 15,50 23,11 12,10 19,00
120 22,12 32,14 14,70 28,00
140 27,30 38,51 23,31 37,40
E, kI Moib ! 55+1 33,4+1 50+1 32,4+1

HK-cnekTpoCKONMUYECKUE HCCIEI0BaHMS MOJYYEHHBIX KOMITO3WUIUM ITOKa-
35K CIIeAyToIIee, a MMEHHO, THapaTupoBaHHeii HoH Si-OH B cnektpax AOMM;,
IpOSBNIAETCA B 0OJNACTH BAaJIGHTHBIX KoneOammii 3592 cM™', KoTopwle He co-
BIIQIAIOT C BAICHTHBIMU KoseOanusimu OH-rpynn octatkoB nonukucioTsl 3400—
3600 cm™. [Ipeanonoxenue o ToM, 410 AOMM ruaponusyercst 10 CUIMKaT-UOHA
MIOATBEPKaeTCA OTCYTCTBHEM B criekTpax MuieHkn AOMM, mojockl BaJeHTHBIX
xonebanuit Si-O-Alk pu 1100-1050 cm™'. Ha ocHOBaHHMH aHATH3A CIIEKTPATLHOM
KapTHHBI UCCIEAYEMOH CUCTEMBI M JAHHBIX 110 OPTaHOCHIMKATHBIM COESIMHEHUSM
[1] MOXHO cnmenaTtb BBIBOJ, YTO aMHWHOOPTAaHOCWIIAH SBISIETCS JTOCTATOYHBIM
CTa0MIBHBIM coenHeHHeM [14], KOTOpBIi paBHOMEPHO paclpelesseTcss B
HCCIIETyEMOH cucTeMe.

[Tybnukarmym [12] mo MoguduKamue anKmInpOBaHHOTO MOHTMOPHWIIJIOHHTA
OpPTaHOMETOKUCHIIAHOM TIO3BOJIMIIM YCTPaHHUTh JAe(EKThl B KOMIIO3UIIMOHHBIX
MaTepuanax 1 MoJy4YuTh TEPMOJUHAMUYECKH COBMECTHMBIE CHUCTEMBI HA OCHOBE
AIULIUKINYECKOTO MOJMAMHUZA. Y CTaHOBJIEHO, YTO IMPHCYTCTBHE MHUHEPAIbHON
COCTaBJISIIOIIEH CITIOCOOCTBYET IOBBIIICHUIO YCTOMYWBOCTH TOJIMMEPHOW KOM-
MO3UIMK B BO3AYIIHOM Cpelie B TEUEHHE AJTUTEIBLHOTO BpeMeHHU. PacTBop KoM-
Mo3uIMOHHOW cMmecn B MII B TedeHme rozma ocTtaercs MpO3pavyHbIM, BA3KOCTh
pacTBOpa TpHW ATOM MPAKTHYECKH, OH O00JamaeT XOPOIIMMH IUIEHKOOOpa3yro-
MK cBoiicTBaMu. C Jpyroil CTOPOHBI, MOJyYEH IOJIOKUTENbHBIH pe3yiabTar
IpU XpaHEeHUH pacTBopa monunMuaa ¢ dactuuamu AOMM (30 % pactBop) B
Te4eHne 2-3 JHel, U3 KOTOPOro MOJyYeHbl NpO3payHble IJIEHKH, UMEIOIINE
MTOBBIIIICHHbIE TEPMUYECKHE M MPOYHOCTHBIE CBOWCTBA MO CPABHEHHIO C MCXOJ-
ueM [1U (tabnuna 2). [IpoaykTsl rugponuza AOMM c pacTBOpOM HOIMUMHIIA B
TeueHue 2-3 qHel oOpa3yloT rOMOI€HHYIO CMECh, I0-BUIMMOMY, 3a 3TOT MEPUOJ
BPEMEHH B CHCTEME YCTaHABIMBAETCS PABHOBECHE MEXIy KOHJIECHCAIIMOHHO
BeieneBmeiics H,O B mporecce cunate3a IIM m xommuiekcHocssizanHoit H,O,
MIPUCYTCBYIOLIEH B MOAU(UIIMPOBAHHON (POPME MOHTMOPHIIJIOHUTA.

[lomyuennsie pe3ynpTarel cornacyorcs ¢ MK-cnekTpockommuecKuMu
nanaeiMu. s mienkn (AOMM,) oOHapyskeHa 3a 2-3 IHEBHBI BpEeMEHHOU
Mepro ] THIpaTHAs GopMa amoMoCcHINKaTHOTO Komiuiekca Al,y[Si,Os](OH), [15].
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Tabmuna 2 — Hexotopsle cBoiicTBa IUIEHOK Ha ocHoBe 11
U pa3nu4HBIX hopm MM

O T m— I [MM+AMM, | [MTN+AOMM
(6e3 kt u MM)| 0,5 mac. % (2 mac. %)
Ty p. Ha Bo3myxe, °C 375 375 405
Tso — motepu 50 % notepu Maccsl 06pasia, °C 535 540 565
T, Ha Bo3ayX€, °C 113 113 172
IIpounocTs Ha pa3psIB, 6, Mlla, 70 88 96
Vanenue, 1, % 25 - 17-19

[Ipu cpaBraernn cniektpos [1U, [TM+AOMM, u [IN+AOMM,, B iocienHemM ObuH
HallJIeHBI TOJIOCHI BaNCHTHBIX KoneGanuii Si-O mpu 520 cm™'. UssectHo [16], uto
3Ta MOJI0CA TOTJIOUICHUSI COOTBETCTBYeT rpymnmam Si-O, KOTOopble CBA3aHBI C
MOHM3MPOBAHHBIMHU aTOMaMH aTIOMHHHS B MOHTMOpwiutoHHTE. [lo-BuamMomy, B
TEUEHHE 3TOTO BPEMEHH MPOUCXOIUT THApaTanus aToMoB Al, HaxonsIerocs B
KpUcTamnyeckoi pemerke MM, T.e. kpome cunukat-uona [HSiO4]” B mpucyT-
CTBMU BOJIbl, BBIJCIUBIIEHCS B MpOLECCe MMHIU3ALNU, 00pa3yercsl TuapaTHas
(dhopma amomocmmkatHoro komiuiekca Aly[Si,05](OH)4, KOTOpas mpucyTCTBYET
B TIpoliecce XpaneHust B pactBope [11 u cTaOumm3upyer KOMIO3HT B LIEIOM.

Kanopumerpuueckoe wusydyenue iueHok I[IM+AOMM,; u IIM+AOMM,
[OKa3aji0, 4TO B Cily4ae HecoBMecTHMOCTH KommoHeHToB ([IMI+AOMM,) Ha-
OmomaeTcss 2 CKayka TEMJIOEMKOCTH, CBHJCTENBCTBYIONIMHA 00 OTCYTCTBUHU
eMHON Temmeparypsl cTeknoBaHus (Tg), KoTopas ABIAETCS KPUTEPHEM OLIEHKH
ux copMectumoctu [17, 18].

Jns mmeHku Ha ocHoBe Kommo3unmu [TM+AOMM, HaGmrogaeTes TUTaBHBIN
XOJ KPHBOH TEIUIOEMKOCTH OT TEMIIEpaTyphl, 0€3 pe3KHUX IEepeIOMOB C E€AMHON
Temrieparypoii crexioBanust T,=172 °C. Iloxy4eHHbIe pe3yJIbTaThl HE MPOTHBO-
pedar JUTepaTypHbIM NaHHBIM, TJI€ YaCTHIBl KPEMHHSI B KOMITO3UTE TOBHIIIAIOT
Temreparypy crekinoBanus Ha 50-60 °C [5, 19]. Exunas temmeparypa CTek-
nopanus (Ty), BO3MOKHO, OOyCIOBIE€Ha TEM, YTO B JIAHHOM Clly4yae alloMo-
CUJIMKATHBIM KOMIUIEKC HE pacmaics, a oOpa3oBajach €ro rujiparHas ¢opma
Al,[S1,05](OH),, cTaOUAM3UPYIONIHA KOMITO3HT.

Takum 00pa3oM, MOJTY4YEeHBl KOMIO3WIMH Ha OCHOBE ATUIMKINYECKOTO
MOJIMMMHUAA C pa3HbIMM (OPMaMH MOHTMOPWJUIOHHWTa M TIOKA3aHO, YTO HX
TepMudeckas ycronunBocTh Ha 30—40°C BpIIe TO CPaBHEHUIO C HCXOIHBIM
MOJIMUMU/IOM, TIPOYHOCTHBIE CBOWCTBA HOBBIX CHUCTEM TAaKKe MPEBBIIAIOT aHa-
JIOTMYHbIE 3HaYEeHUs anuuukiandeckoro [1H1.

Ha ocnoBannm ananm3os, mpoBeneHHbIX MeTonamu UK, JICK, PO u Teopun
[20], cTpykTypy MOAM(GUIMPOBAHHOTO MOHTMOpHUIOHHTa AMM  MOXHO
MPEICTABUTH CIEAYIOMINM 00pa3oM:

153



XUMWYECKHH )KYPHAJI KA3AXCTAHA

CH;— O O - CH,
N\si/ ... ALOs.. H,0 ,

CH:—-0 7~ > 0-CHs

KOTOpPBIX ABISAETCA XMMUUYECKUM COETMHEHUEM C KOBAJIEHTHBIMU CBS3SAMHU.

AOMM mnpencraBisieT co00it KOMIUICKC, 00pa3yIONIUICS IO aToMaM KpeM-
HUS C KUCIOPOJOM 3-aMHUHONPONHUI-3-METOKCUCHIIaHa. I3BECTHO, UTO B OKCHAAX
KpeMHHs (KOorja KpEeMHHMH TpOSBIAET UYETBIPEXBAJIEHTHOCTh) B PEAKLHUAX MpPH-
COEIMHEHHUS C KUCIOPOCOJAePKAIUMH BEIIECTBAMH, KPEMHHUIH MOXET MTPOSBISAThH
KOOpIWHAIHOHHOE yucio 5 [19].

Kommuieke, oOpazoBasmuiics B AOMM, noareepxknaetcst meronom JICK. Ha
KPUBOH M3MEHEHHUS TEIIOEMKOCTH OT TeMmmepaTypsl AMM HaOmomaeTcss oJuH
ckadok ¢ T, = 260 °C, xapakTep KOTOPOrO COOTBETCTBYET KPHCTAJUIMYECKOMY
COCTOSIHMIO BEIIECTBA M YyKa3blBaeT Ha Hamuume onHod (assl B AMM, rae
METWIbHBIE TPYIIBI C OKCUJIOM KPEMHUS CBS3aHBI HENIOCPEACTBEHHO, TOTJa Kak
Ha KpuBbIX TerwioemMkoctn AOMM mnpossisitorest 1Ba ckauka. [logoOHOe mM3me-
nenue kpuBbiX JJCK B8 AOMM CBHIETENLCTBYET O CYIISCTBOBAaHUH JBYX (a3 ¢
temneparypamu creknoBanus Ty =260°C u Typ=320°C. IlepBblii CKa4oK TEILIO-
€MKOCTH COOTBETCTBYeT AMM, T/1e posIBIIsIeTCsl KOBAJIGHTHAS CBS3b B BEIIECTRE.
BTopoif ckadok OTBEUaeT HAIMYHIO KOMIUIEKCAa MEXITy aTOMOM Si OCHOBHOM
Mosiekynsl AMM ¢ KHCIOpPOJAOM OpraHOMETOKCHCHIIaHa, B 3TOM Clydae
MPOSIBIISIETCS] KOOPAMHALIMOHHAS CBA3b [21].

B pabotax [4-7] moka3ano, uto B UK-ciektpax AOMM, mOMUMO OCHOBHBIX
XapakTepuCcTHUYecKuX 1mosoc AMM, MOSABISAIOTCS JOMOJHUTENBHO TOJOCH MpHU
1633, 1570, 1486 cM’', 4TO MOXKHO OTHECTH K AMHHHBIM TPYIIIAM B MOHTMODPHII-
nonnte (nur. mansbie 8 NH 1650 — 1450 cm™), momocsr 1385 u 1336 cm™, mmo-
BUIMMOMY OTHOCSATCSI K OCTaTKaM NEPBUYHBIX CHUPTOB Tocie ounctkn AOMM
(ur. manmsie 1650 — 1450 cm™). B criektpax AOMM npoucxoauT U3MEHEHUE
nonocsr 1050 cm™ (coorBerctByromme Si-O-R, rae R — amkmibHas rpymma
AMM), 3Ta mojoca CTAaHOBUTCS ITUPE U MPOTHUCHIBacTCs B Bue myonmera 1105 u
1039 cvm™'. DTi m3MeHeHns B crekTpanbHOil KapTHHe AOMM, HOATBEpXIaeT
Hanuuue koMiiekca B AOMM no atomaMm KpeMHUS ¥ KHCIIOPOTY.

Pentrenoga3oBsiM aHAM30M TOATBEPKAAETCS PETYJSIPHOCTh KpPHUCTAJ-
Janueckoil cTpykTypsl AMM. PeHTreHoBcKHe JTy4H paccenBaloTcs OT 00paslioB
MM u AMM xorepeHtHo, a oT obpasua AOMM HeKorepeHTHo, T.e. oOpaser
AOMM wumeer HeperyisipHYI CTPYKTYPY H COJEPXHUT Kak amMOp(QHbBIE, TaK U
KPUCTAJUTMYECKUE YIACTKH BEIIECTBRA.

HccnenoBanne TepMHUYECKOH YCTOHYMBOCTH OMHMCAHHBIX ()OPM MOHTMO-
puuioHuTa nokasano, uro 1o 400°C 8 AMM u AOMM pasznararoTcst ux opra-
HHAYeCKHue cocraBisttomtue, it MM o 100°C Beimensiercst Biaara. OKCua Kpem-
HUs paznaraercs npu temneparypax Beime 1000°C, moaTomy Ha TepMorpammax,
cHATBIX 710 600 °C, 3T0 3aUKCUPOBATH HE YIAIOCH.
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Jna mpenoTBpamienust koaryiauuu yactuy AOMM mpH NOMy4YeHUH TUIEHOK
n3 xomno3uuuu 1M ¢ 3TuM coeuHEHrneM MpU PeakMOHHOM CMELICHUH B Kade-
cTBe menrtu3aropa (coBmecturens) 0pu1 nodasned [I9TD B kommyectBe 1 mac. %.
OTu WcciaenoBaHMWs MPOBEACHBI, OMMpasch Ha cBemeHus [22, 23], o Tom, YTO
nonmyTrineHrepedTanar u  Si0, (IIOTD/Si0,) o00pa3yloT HAHOKOMIIO3UTHI,
npudyeM SiO, B konuuecTBe 2—5 mac. % XOpOIIO TUCTIEPTUPYETCsl B HOJIMMEPE.
W3 pacTBOpOB MMOTy9eHHONW KOMIIO3HIINY TTOTyYeHBI TPO3padHbIe IICHKH, OJTHAKO
UX HEJ0CTAaTKOM ObUIO TOSIBIIEHHE XPYNKOCTH TOCJe BBICHIXaHUS. B mccrneno-
BaHUAX [24] onpeneneHo, 4To NMpH NOIYyYEHUH KOMITO3UIIMOHHBIX MaTEpUaIoB Ha
ocHoBe mosmumMuaa ¢ AOMM u [I9T® Xxpynkuii KOMHIO3UT MOXHO HCIIONB30-
BaTh B KaUeCTBE MpPEIpera 1 BOCCTAHOBUTH IEJIOCTHOCTD IJIEHKH B PEAKIIMOHHOM
CMEIIEHUN TNoiauuMuga npu cooTHomeHuu IIM:mpenper=80:20 mac. %, d9to
ITO3BOJIWJIO TIONYYUTh TUIEHKA C BBICOKHUMH TEPMHUYECKUMH H TMPOYHOCTHBIMHU
cBoiicTBamu [25].

B pa6oTe nomyueHsl KOMIO3MIIMK HA OCHOBE AIUIUKINYECKOTO OTMHUMHU/IA,
MOHTMOPWJUIOHHTA W TONWATHIIEHTIMKoNs. [lokasaHo, 4ro mMomudukanus anm-
AKJIAYECKUX TTOHHMHUIOB TOIHATHICHTIINKOJIEM [26] IPUBOANT K CYIICCTBEH-
HOMY YJIyYIICHHUIO ero (PU3MKO-MEXaHMUeCKHX CBOWCTB. [Ipeacramisio uHTEpec
MOJYYUTh TaKUE K€ MOJIMMEPHBIE CMECH, HO MOAU(HUIMPOBAHHBIE MOHTMODPHII-
JoHUTOM. B mpomecce mccremoBaHUI yCTaHOBIEHBI HEKOTOPBIE OCOOEHHOCTH
NOJTYYEHUS] TaKuX KOMIIO3WIHIA, B YaCTHOCTH, HEOOXOAWMO BHAdaie MOIYYUTh
cmech 190 (MM 2000) ¢ AMM (5-10% pacteopel B JIMAA u MII), npu
cootHomeHusax AMM:IIOI=1,5;3,5;6,6;8,2 mac. % OTHOCHTEIBbHO IOJIMHMHIA,
KOTOpBIe 3aTeM nobaBisuich B 30 % pactBops! mosmmumMuaa. M3 pacTBOpoB moiry-
YaJy TUIEHKH TOMUHONW 40—50 MKM M ONpesieNsiiii MX OCHOBHBIE TEPMHUECKUE U
poYHOCTHBIEC cBOMcTBA. Ha pucyHnke 2 npencrasiensl guarpammbel TTA u JICK
IJICHKA HAa OCHOBE TPOWHOHN KOMITIO3UITHH Ha OCHOBE TonmuMuaa, AMM u [10T1.

“exo

m 15 m = k) = an w0 0 g L (-] il
b + e e } . et }
0 5 0 5 . 5 o k] 0 5 £ % o & n L] mn

Lab: METTLER STAR® SW 12.10

Pucynok 2 — TT'A u JICK auarpamMMBbl TUIEHKH
n3 TpoiHoi kommosunuu [T1+3 mac. % AMM + 6 mac. % 19T
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Kanopumerpuyeckue wucciaegoBaHUs KOMIO3UIMOHHOW TIUICHKH TOKa3aiu
Hanmuume 2 cKaykoB TertoeMkocTH Ha auarpamme JICK. [lepBrrit cooTBETCTBYET
temueparype crekinoBanus (T,=315°C) yacTHUHO CIIUTOrO MO (yHKIHOHATBHBIM
rpynmnam ¢ IO anunukinueckoro nonmuumuza. [1onmyHKIMOHANBHBIC MOJIH-
MepBI MOTYT BCTYyHaTh B MAaKPOMOJIEKYJISIPHBIE pEaKIINK U 00pPa30BBIBATH CIIUTHIC
CTPYKTYpHI [27], B wacTHOCTH, A1 11O momoOHbBIE Mporecchl MPOUCXOMSIT TIPH
temneparypax > 100°C[28]. Bropoii ckauok T=510°C cBs3aH ¢ npOTEKAIOIUMU
JECTPYKTHUBHBIMU INPOILIECCAMH B KOMIIO3ULIMOHHOM MaTepuaine Ha ocHose [IU c
nob6aBkaMu AMM B pHUCYTCTBUM TUIACTU(PHUKATOPA.

B pa6ore u3 TI'A ananm3a ornpejieneHbl OCHOBHBIE TEPMUYECKHE 3HAUCHUS
HCCIEAYEMBIX CUCTEM. Y CTAaHOBIICHO, UTO BCE KOMIO3uluU Ha ocHose [T, AMM
u 19T xapakrepu3syrotcs 0oiiee BEICOKOW TEPMUUYECKON YCTOHUMBOCTBIO 110 CPaB-
HeHUuto ¢ ucxoaubM [IU (tabimua 3 cMm. To Temrmeparype Hadajia pa3iioKeHUs
TJICHKH).

Tabmuna 3 — Tepmuyeckue 1 GUINKO-MEXAHUICCKUE CBOUCTBA
KOMITO3MIIMOHHBIX IIEHOK Ha ocHoBe [1M, AMM u I10T

CooTHoIIIEHHE KOMIIOHEHTOB, T, T, °C Tups Gp, 1,

mac. % °C 50 % motepu Macchbl oOpasua °C MIla %
N+1,5AMM+6I12I" 320 550 390 130 23
N+3AMM+6I12I" 299 564 419 150 19
TN+5,5AMM+8,2T19T 282 572 430 168 18
Hcexomnsriii [TU 114 535 380 71 30

Jna 3Tol cUCTeMbl HaM yAaJOCh MaKCHMAJIbHO BBECTH YaCTHIBI MPHUPOJ-
HOTO MOHTMOPWJIJIOHUTA 10 5,5 mac.%, npuueM JOCTYNMHBIM M TEXHOJOTHYECKU
MEPCTIEKTUBHBIM METOJIOM MEXaHWYEeCKHM CMEIIMBAaHUEM, HE Hapyllas COBMEC-
TUMOCTh KOMIIOHEHTOB B KOMITO3UITMOHHOM Martepuaie. B pesymnprare [lomydeHs
TpOHHBIE KOMIIO3UIIMK Ha ocHOBe anunukiandeckoro 1M, AMM u II91 ¢ ymyd-
[IEHHBIMA OTHOCHUTEIBHO MOJMUMHUAA TEPMUYECKUMHA U (PU3NKO-MEXaHUIECKUMU
CBOMCTBaMHU.

AHaNOrM4Hble HCCIENOBAaHUS MPOBEIEHBI IO KOMIIO3MLMSAM Ha OCHOBE
TMIUKINIECKOr0 TOJMUMHIA, OPraHOMOIU(PUIUPOBAHHOTO MOHTMOPHJUIOHUTA
(AOMM) u nonumakpwiamuaa [29]. Insg 3THX KOMITO3UIMIA YCTaHOBJICHO, YTO
Oosiee BBICOKMMH TEPMUYECKUMH M HPOYHOCTHBIMH XapaKTepPHCTHKaMH oOJia-
naroT IieHkn Ha ocHoBe [IM+1mac.%AOMM+0,65mac.%IIAA, temmeparypa
Hayaja pas3yioKEHUS] OTHOCUTEIHHO HMCXOIHOTO IMOJIMUMUAA MOoBbImIaercs Ha 30-
40°C, mpoyHOCTH Ha pa3phIB YBETUUHBAETCS B 2,5 pasa.

Takum 00pa3oM, B JaHHOM 0030pe PaccCMOTPEHBI OCOOCHHOCTH TONYUYESHHUS
HOBBIX KOMITO3UIIUOHHBIX MAaTEPHAIIOB Ha OCHOBE AUIMKJIAYECKOTO MOJIUUMHUA
¥ TPUPOJHOTO MHHEpasla MOHTMOPHJIJIOHWTA, a TaKKe€ B MPUCYTCTBUH IIACTH-
(uupyommx 700aBOK MONMHATHIIEHTEpe(TAIaTOM, TOJUITHICHTITNKOIIEM, TTOJH-
aKpUIaMUAHOM, OOJIafaoNIe MOBBIIICHHBIMA TEPMUYECKHUMHU M MIPOYHOCTHBIMHU
CBOMCTBaMU IO CPABHEHUIO C HCXOHBIM AJIMIUKINYECKUM OJTUMMHUJIOM.
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Pe3iome

M. b. OGumip3axosa, B. /[. Kpasyosa, P. b. Capuesa, P. M. blckakos

AJIMIUKIIAI TOJIMAMUWA ITEH TABUF MUHEPAJIIBI
MOHTMOPUJUIOHUT HET'T3IHAEI'T KOCBIJIBICTAP

ABTOPJIBIK IOy XYMBICBIHJIA TUIUKIII TOJIUAMK IEH MOHTMOPHJUIUT HeTi3iHe
JKaHa BICTBIKKA TO3IMAI KYPBUIBIMIBIK MaTepHasiapbl eHIipy OOHbIHINA 3epTTeyliepai
YCBIHABI.

Tyiiin co3mep: TMIMKIIBIK MOJIWUMUA MOHTMOPHUIOHUT KYPBUIBIM TOJHUKOCHI-
JBICTAp.

Summary

M. B. Umerzakova, V. D. Kravtsova, R. B. Sarieva, R. M. Iskakov

COMPOSITIONS BASED ON ALICYCLIC POLYIMIDE
AND NATURAL MINERAL MONTMORILLONITE

This review of the author's works presents research on the production of new heat-
resistant composite materials based on alicyclic polyimide and montmorillonite.
Key words: alicyclic polyimide, montmorillonite, composition, polymer blend.

159



XUMWYECKHH )KYPHAJI KA3AXCTAHA

VK 547+547.8

A. E. MAJIMAKOBA', B. K. IO,
K. JI. ITPAJIUEB’, T. K. ICKAKOBA®, T. M. CEHJIXAHOB’

'AO «MHcTHTYT XHMHIUecKuX Hayk nMern A.B. BekTypoBa», AnMarsl,
Pecny6nuka Kazaxcran,
“Satbayev University, Anmarsr, Pecry6mika Kazaxcran,
3K01<111eTachI/Iﬁ rocygapcTBeHHbI yHuBepeureT uM. 1. Yanuxanosa, Kokmeray,
Pecny6muka Kazaxcran

HOBBIE ITPOU3BOJIHBIE
MUATNEPA3UH3AMEIIEHHOTO BUCIUINHA
HA OCHOBE
1-(3-BYTOKCUIPONUT)-4-OKCOMMUNEPUIUHA

AnHotanusi. C 1enbl0 MMOKWCKa HOBBIX OMOJIOTHUECKH aKTHBHBIX BEIECTB B Py
OucnuauHa, Ha OCHOBE 1-(3-0yTOKCHUIIPOIHII)TUIIEPUANH-4-0Ha CHHTE3UPOBAHBI MUTIEpa-
3WH3aMeNIeHHbIE 3,7-nmna3zadunukino[3.3.1]Honansl. Peakius ManHuxa sBisercs ymo0-
HBIM OJJHOCTaIMIHBIM METOJIOM CHHTE3a OMCHHMIMHOHOB. Tak, OJTHOBPEMEHHON KOH/EH-
calMel B YKCYCHO-METaHOJBHOW cpeie MurepuaoHa ¢ napodopmom u 2-(nmurmepasuH-
l-unm)aTrnamMuHOM cuHTE3UpoBaH 3-(3-OyTokcumnpornmn)-7-[(2-(mmepa3us- 1 -mm)atrm) |-
3,7-nmuazabunukio[3.3.1JnoHan-9-on. Jlanee, BoCCTaHOBJICHHEM 3,7-IHa3a0UIIUKIIO-
[3.3.1]HOHaH-9-0Ha B ycioBusax peaknnu Kmxaepa-Bonbha gericTBieM ruIpa3HHTHIpATa
B TpUATHIEHTIMKONE B IpucyTcTBur KOH momydeH cOOTBETCTBYIONIMM HOHAH C BBIXO-
oM 77%. JlnurensHoe kunsueHue (B teuenue 8-10 1) 3,7-nuazabuiukio|3.3.1]noHan-9-
OHa C COJITHOKHCIIBIM THAPOKCHUIAMUHOM TIPUBEJIO K IIETIEBOMY OKCHMY C BBIX0JIOM 43%.
YToOBbI MOJTYYUTh MPOJIEKAPCTBO, B3aMOJieiicTBIEM okcuMa 3-(3-OyTokcunponun)-7-[(2-
(munepasun-1-mw)atuin)]-3,7-nnazabunmkino[3.3.1JHoHaH-9-0Ha ¢ XJIOPUCTHIM OEH30MIIOM
B aOCONIOTHOM O€H30JIe IpU KOMHATHOW TeMIleparype ¢ mocleayomuield o0paboTkoi
MOJY4EHHOTO THAPOXJIOPHIA TOTalIoM noiydeH ero O-6enzomnokcuM. CocTaB U CTpoe-
HHUE IOJYYEHHBIX COCAWHEHUH OBUIM TOATBEPXKICHBI JAaHHBIMH 3JIEMEHTHOTO aHaJIN3a,
TOHKOCIIOiHO# XpomaTorpaduu, MK— criektpockonuu u crektpockoruu IMP °C.

KiaroueBsie cioBa: 1-(3-OyTOKCHIIPOIIII)TUTICPHUANH-4-0H,IIPOU3BOIHEIE TTHIIEpa-
3uH3aMenieHHoro oucrmanna, MK-crekrpsl, criektpsl AMP, motenmmansabie 00e300H-
BAIOIIUE CPE/ICTBA.

BBenenne. Ilonck HOBBIX CHHTETHUYECKHUX 3aMEHUTENEH JIEKaPCTBEHHBIX
CPEIICTB PACTUTEIHLHOTO MPOUCXOKICHHS OCTACTCS OJHUM W3 TJIaBCHCTBYIOITUX
HaInpaBJIeHUH TOHKOTO OPraHWYeCKOro cuHTe3a. B nmabopaTopuu XMMHH CHHTE-
TUYECKAX W TPUPOTHBIX JIEKapCTBEHHBIX BemecTB AO «MHCTUTYT XMMHYECKUX
Hayk nmenn A.b. bexTypoBa» ObUIM MPEeAIPUHSITH MOMBITKH CO3/IaHUS CPEACTB,
00J1aIat0NIMX PAa3IMYHBIMUE CBOHCTBAMY C HU3KOW TOKCHYHOCTBIO, M B PE3YJIBTATE
CUHTE3MPOBaHBI MMPOU3BOAHBIE N-alIKOKCHANKIITUIIEPUINH-4-0Ha, CoAepKaIue
pa3IuYHBIC 3aMECTUTENN Yy aTOMOB a30Ta U B OWMIIMKIIOHOHAHOBOM Kouibile [1-7],
oOiamaroniye OWOJOTHYECKUMHU CBOWCTBAMHU PA3JIMYHOTO TEPANICBTHYSCKOTO
nevictBus [8-19].
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B mpomomkenue uccieqoBaHU HAMW CHHTE3HMPOBAH MHUIEpa3HH3aMEIICH-
HBIi OMCIUJMHOH M €ro IPOHM3BOJIHBIC, YCTAHOBICHO MX CTpocHue. McxomHbIM
CUHTOHOM I TIPOBEACHHUS HCCIenoBaHU B3AT 1-(3-OyTOKCHIIpOTNIIT)-4-0K-
conumepuauH [20], cpemn €ro MOHOIUKINYECKAX IMPON3BOIHBIX OOHAPYIKEHBI
BBICOKO?()()EKTHBHBIE MECTHBIE aHECTETHKH [21].

OpHoBpemeHHOW KoHaeHcareirn Mananxa 1-(3-OyTokcumnpomniin)-4-okco-
nunepuanaa ¢ napadgopmom u 1-[(2-(mumepasun-1-wm)3Trn) |aMHHOM, B YKCYCHO-
METaHOJBHON cpele cuHTe3npoBaH 3-(3-OyTokcunpornn)-7-[(2-(mumnepa3us-1-
ni)atuin)|-3,7-nuazadbunukio|3.3.1 JHoHaH-9-0H.

0
I\ /
(CH0);, NH,CH,CH,"N_ NH \ N\ . bTIEHG_hKIHdH / y
> /
CH;0H, HCI, CH;COOH ¢, H,0C;H; CH,-N NH ’ /N \ /o
N — C4Hy0C;Hg CoHy=N_ NH
| NOH /\IHZOH'HCI NOCOC,Hs
C;HgOC,4Hg pyridine
CgH(COCl
K,CO; /
N/ N /N N\ I\
\ /o R H,-
C4H90C3H/6 C2H4~N\_/NH CaHyOC3Hg CaHy N\—/NH

Crpoenne 3,7-nuazadbunukino[3.3.1]HoHaH-9-0Ha yCTaHOBIIEHO Ha OCHOBa-
mnn cruektpoB SIMP um MK. Hambonee xapakTepHOW T0I0CONW HHGPAKPACHOTO
TIOTJIONIEHNS SIBISETCS Mojioca KapboumasHoit (C=0) rpymmsl npu 1738 cm™. Ho
Hanbosiee UHPOPMATHBHBIMHU SIBSUTIOTCS CHICKTPHI SIMP:

[E:]
4 2274
I:IT_ [19)
(6.4}
o @3 (12 &
2N (1418 (1718) 5 5, (”)(7,3) "

83
] =
T

Cnextp [IMP 3-(3-6ytoxcu-nporin)-7-[(2-(munepasun- 1-um)atin) -3, 7-
nuazabunukio[3.3.1]HonaH-9-oHa
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[Iporonsr MetuipHON Tpymmbl npu C-26 pe30HUPYIOT B BUIE TPHUILIETA C
neaTpom 0,90 M.1. MeTmiieHOBBIM IpynmnaM OyTOKCHIIPOMMJIBHOTO 3aMECTHTENS
COOTBETCTBYIOT curHaisl npu 1,36; 1,53; 1,70; 2,41; 3,38 u 3,44 m.n. Curnansl
skBuBaNieHTHBIX H-16,17 w H-14,18 nmasarereponukina HaOMIOJAOTCS TpH
3,00-3,04 u 3,30-3,32 m.n. B oOmactu 2,43-2,55 M.I. OTMEYEHO HAJIO)KEHHE
curnaioB nporoHoB H-4,6; H-7,3 u H-12. TpexmpoToHHbIE cUTHAJIBI B 00JIaCTH
2,76-2,87 m.a. moxHo oTHecTH K H-2,8 (2CH-) m H-11 (-CH,-).

N - 19}
HN/ f ne / \“\ (17,15)
% N / q‘ Oy 7.3)
VA 107 A (14,18) (24) 2025 5)
M N, i (21 /
2 2 2 19 73
HJC/ i\sz J\0”‘1 1\20/ [ M7 |orse gl
26 22 31814 ) L1408

T3

12843

20 A0 ¥ 180 10 180 |0 M0 10 0 t0 100 M M 0 60 s 40 @ 20 10

Crextp JMP Bc
3-(3-6yTokcu-npornn)-7-[(2-(munepasun- 1 -umn)3tin) |-3,7-nuazabunmkino[ 3.3. 1 JHoHaH-9-0Ha

Jnis yraepomHBIX aTOMOB OYTOKCHITPOIMJIBHOTO (parMeHTa XapaKTepHO
pesonuposanue mpu 14,06-31,91; 68,87 u 70,90 m.n. CUTHAIBI CUMMETPUIHBIX
C-15,17 u C-14,18 nabmromarotcs npu 58,49 u 58,85 m.j. DKBUBaJICHTHBIC
METHJICHOBBIE TPYMIBI OWIIUKIA JatoT curHanbl mpu 54,34 u 58,85 m.a. CurHan
metnHOBEIX C-3,7 mabmomaercs mpu 46,77 m.a. Atomer C-11, C-12 merwnne-
HOBBIX TpyNN pe3oHUpyIoT npu 56,04 u 55,20 M.A. COOTBETCTBEHHO. YTIIEPO]
kapOoHmIbHOU rpynmsl (C-9) naet curaan nmpu 215,04 m.1.

OTHEeCeHNE CUTHAJIOB TPOTOHOB M aTOMOB YCJIEpO/Ia MPOBOIUIIOCH TI0 CITEKT-
pam COSY u HMQC:
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Hanee, mist momydeHUs MOTEHIIMANBHBIX aHABI'€TUKOB H/MITH aHTarOHHUCTOB
OTIMATOB HWCYEPITBLIBAIONINM BOCCTAHOBIIEHHEM KapOOHWIBHOW Tpymmel 3-(3-
Oyrokcunponun)-7-[(2-(nmunepazun- 1 -nmi)atuin)|-3,7-nuazadunmkino[ 3.3. 1 [nonaH-

163



XUMWYECKHH )KYPHAJI KA3AXCTAHA

9-oHa B ycnoBusx peakinu Kikaepa-Bonbda cnHTE3MpoBaH COOTBETCTBYIOMINI
OMIIMKIIOHOHAH.

B pamkax moucka HEHapKOTHYECKHX aHAJIBI€THKOB B PSAAY MPOM3BOIHBIX
OucrManHa W3yYeHO B3amMojencTBue 3,7-amazaburukino[3.3.1]HoHaH-9-0Ha ¢
COJITHOKHICITBIM THAPOKCHIIAMUHOM. JlnuTensHoe kumsdenne (B TedeHue 8-10 u)
IPUBOAMT K IIENIEBOMY OKCHUMY € BbIXoZoM 43%. Ilpu aumnmpoBaHuM okcuma
XJIOPUCTBIM OEH30MJIOM B a0COJIOTHOM OeH30lle ¢ mocienyromeii o0padboTkoi
MIOJTy9YeHHOTO THUApOXJopHaa motamoM monydeH O-O0ensomiokcum 3-(3-OyTok-
cunpornui)-7-[(2-(munepa3un-1-un)stmn)|-3,7-nuazadunmkino-[3.3.1 JHonas-9-
OHa.

Monekyna 3-(3-Oyroxcunpormn)-7-[(2-(munepasun- 1 -mn)atwn)]-3,7-n1ua3za-
ounukiio[3.3.1 JHoHaH-9-KEeTOKCHMMa MMEET JiBa PEaKIIMOHHBIX IICHTPa JJIS aTaku
AIMIIMPYIOLIETO areHTa, MPH TOM MOTYT 00pa30BaThCs TP NPOLYKTa:

NOCOCH;

/

N N
N /\

R C,H,-N NH
——/

CJIOXHBIN 3pup

NOH NOCOCHs

/ /

N
/N N N

AN /—\ V AN /—\
R CoHy~N_ NCOC(H; R CoHy~N_ NCOCgHs
amMHuJT amMuI03pup

R= C3H6OC4H9

OO6pa3oBaHue MPOAYKTA IMOTHOTO AMMIUPOBAHMS — aMUA03(PHpa, B UCIIONb-
3yEMBIX YCJIOBUSIX HEBO3MOXKHO (XJIOPHCTBHIA OCH30MJ B3ST B HE3HAUMTEILHOM
N30BITKE MO0 OTHOIIEHHUIO K OKCUMY), KPOME TOT0, JaHHbBIE JIEMEHTHOTO aHaJIN3a
1 TCX cBUAETENBCTBYIOT B O3y 00pa30BaHMS MOHOAIIMIIBHOTO IIPOU3BOTHOTO.
[onoca nornomenus B UK cnekrpe B o6nactu 1723 cM ™ IpHHAUIEKHUT CIOKHO-
sdupHOMY KapGonmty. OfHAKO, B CIIEKTpe HpHCyTCTByeT mpu 1658 cM™' monoca
HEeGOIBINON HMHTEHCHBHOCTH, a crektpe SIMP C — curman yrimepoma mpu
161,47 M.A., XapakTepHble Ul aMUAHON TPYIIIBLT.€. B PEaKIMOHHOW CMECH B
OCHOBHOM oOpa3zyeTcs OCH30HHBIA d>(QUp OKCHMMa C TPHMEChIO TPOAYKTa
anuupoBaHus o N-HrunepasnHoBOro Kojbiia — aMuI.
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Takum oOpaszom, cuHTe3upoBaH 3-(3-OyTokcunpormi)-7-[(2-(munepasun-1-
wi)atui)|-3,7-nuazadbunukiio]3.3.1 JHoHaH-9-0H U mony4eHsl ero oucnuauH u O-
oemzomnokeuM  3-(3-Oyroxcunpormn)-7-[(2-(nunepa3us-1-un)stun)|-3,7-1uaza-
ourukio-[3.3.1]Jnonan-9-ora kak moreHnuanbHBie BAB, W ycTaHOBIEHO WHX
CTpOEHHE.

OKCITEPUMEHTAIJIBHAA YACTD

Xox peaknuu W MHIUBUAYaTbHOCTh COEIWHEHHH KOHTPOJIHPYIOT METOAOM
TCX na okcuzne amomunus Il cTemeHM akTUBHOCTH, C NPOSBICHUEM MATEH
napamu Hona. MK-ciexTpsr 3anmcansl Ha criektpoMerpe «Nicolet 5700» mexmay
mnactuakamu KBr. Cnextpst SIMP °C uccnenyembix coemunenmii 8 CDCly
3anucanbl Ha criektpoMeTpe «JNM-ECA400» dupmer JEOL c paboueii gactoroit
Ha siapax Bogopona 400 MI'u. Buyrpennuii crangapt - TMC.

Cunme3 nunepazuH3ameuwjeHHbIX Oucnuounos. 3-(3-Bymokcunponun)-7-
[(2-(nunepaszun-1-un)asmun)]-3, 7-ouazabuyurio/3.3.1 JHo-nan-9-on. B Tpexrop-
7ol Kosbe, CHa0)KeHHOW MelIalkod, oOpaTHBIM XOJOAMIBHUKOM M KareIbHOU
BOPOHKOW JEOKCUTCHH3UPYIOT 64 MIJI MeTaHoJIa TTo;1 ToKoM azora. Uepes 30 Mun
BHOCAT cMecb 9 mi (0,06976 monp) 2-(mumepasus-1-min)dTiin)amuna, 8,4 T
(0,55814 monp) mapadopma, 3,7Mi1 KOHLEHTPUPOBAHHOW COJSIHOM KHCIOTHI,
5,2 MJI JEeASHOW YKCYCHOW KHCJIOTHI W TIEPEMEIINBAIOT B TeUeHHWE 15 MHUH B
arMocdepe aszora. 3arem mnpukansiBaioTl4,4 1(0,06976 Monp) mHIEpUAOH B
5,2 MJ esHOM YKCYCHOM KUCTOTHI B 24,5 M metanona. [locne 10 4 HarpeBanus
peakimonHol cMmecu mpu 60-65°C 106aBIIsIOT BTOPOI SKBUBAJIEHT napadopma 1
BBIEP)KUBAOT emie 12 9 mpu To# ke TeMmmeparype. B TedeHume Bcel peakumuu
pEakIMOHHAsl CMeCh MPOJYBAaeTCAd TOKOM a3oTa. PacTBOpUTens ymapuBaroT,
OoCTaToK pacTBOpsAOT B 110 mMi BoAbl. DKCTPAKLMIO HEUTpPaIbHBIX MPOAYKTOB
OCYIIECTBIISIIOT JUATHIOBHIM 3GUpOM. BOMHBIN CIIOW TIpH OXJIAXACHUM ITOA-
menaunBaroT NaOH no pH 12, skctparupyrot xjopoopMoM, cymiar Haja 0e3BojI-
HbIM MgSQO,. PacTBOpuTENs yapuBaroT, MOJTYyYEHHBINH MPOAYKT OYMIIAIOT KOJIO-
HOuHOW xpomarorpadueii Ha Al,Os;, amoeHT - OeH3on : m3ompomaHon - 6:1.
[onygator 1,5 t (60 % ot Tteopernyeckoro) 3-(3-Oyrokcunpori)-7-[(2-
(numnepazun-1-wn)3twn)|-3,7-auazadunukiol3.3.1]JHoHan-9-o1a ¢ Rf 0,21 (ALOs,
AITFOEHT — OEH30JT : M30IPOMaHod - 6:1).

Haﬁ)leHO, %: C 65,61, H 10,40 C20H38N402.

Brruucneno, %: C 65,53; H 10,44; N 15,28.

UK-CIIEKTP, Vinax, cM "2 1738 (C=0), 1112(C-0-C).

Criextp SIMP °C, 8, m.i1.: 46,77 (C-3,7); 54,34 u 58,85 (C-2,4,6,8); 215,04
(C-9); Iunepazunatun: 58,49 (C-15,17); 58,85(C-14,18);55,20 (C-12); 56,04
(C-11). Byrokcunpormi: 14,06 (C-26), 19,47 (C-25), 27,59 (C-20), 31,91 (C-24),
53,56 (C-19), 68,87 (C-21) u 70,90(C-23).

3-(3-Bymoxcunponun)-7-[(2-(nunepazun-1-un)smun)]-3,7-
ouasabuyuxnof3.3.1]nonan. K cmecu u3 0,73 r (0,0027 monp) 3-(3-OyTokcu-
riporu)-7-[(2-(munepasuH- 1 -wn)atun) |-3,7-nquazadbunmkino[3.3.1] HoHaH-9-0HA U
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0,3t (0,01035 moms rugpasuaTHApaTa (99%-HEIH p-p) B 6 MIT TPUITHIICHTITHKOJIS
mpu 60°C mobasmstor 1,44 r (0,0257 mons) KOH. Peaknnonnyro cMech Harpe-
BaroT 10 150°C u nmepeMemMBarOT Npu 3TOM Temmeparype B TedueHue 4 9. Ilpu
temnepatype 190-200°C oTroHstoT Boay W M30BITOK THiapasuHa. [locie oxmaxk-
JIEHUST PEaKIMOHHON CMeCH J0 KOMHATHOW Temrmeparypbl mo0aBisror 10 mur
JUCTUUIMPOBAHHON BOJIBI, DKCTPAarupYIOT IMATHIOBBIM 3(QHPOM, CylIaT Haj-
6e3BomHBIM MgSO,. PacTBopuTeh ymapuBaroT, HOTYYEHHBIH MPOAYKT OYHINAIOT
C TIOMOIIBIO KOJIOHOUHOM Xpomartorpaduu Ha Al,O;, 2M0€HT — OEH30J:H30-
nponanoi- 7:1. IMomyuator 1,5 t (77% ot teoperudeckoro) 3-(3-OyTokcurpo-
n)-7-[(2-(munepasun- 1 -wn)atun) |-3,7-quazabunukio|3.3.1] HoHaH-9-0Ha, B BH-
ne ceetio-xentoro mMacna ¢ Re 0,21 (Al,O;, amroeHT - 6eH3011 :u30mponanon- 7:1).

Hatineno, %: C 68,17; H 11,33. C,oH4oN4O.

Breruucaeno, %: C 68,13; H 11,43; N 15,89.

Crrextp SIMP °C, &, m.ii.: 29,76 (C-3,7); 55,06 u 61,55 (C-2.4,6,8); 31,85
(C-9); MunepasmmdTiur:  62,11(C-15,17);62,49(C-14,18);54,49 (C-12); 61,55
(C-11). Byroxcunpomnui: 14,04 (C-26), 19,40 (C-25), 26,98 (C-20), 31,63 (C-24),
53,45 (C-19), 67,24 (C-21) m 72,66(C-23).

Oxcum  3-(3-6ymokcunponun)-7-[(2-(nunepazun-1-un)smun)]-3, 7-ouazabu-
yukno-[3.3.1]uonan-9-ona. B tpexropiyw o0y, CHA0O)KCHHYI0 MEXaHUYECKOH
MEIIAIKON, 0OpaTHBIM XOJIOAMIBHUKOM C XJIOPKAJIBITMEBOW TPYyOKOW M Karremb-
HOH BopoHkoH, momemaroT 1,57 (0,0043 wmomp) 3-(3-Oytokcunpornwn)-7-[(2-
(nunepazun-1-wn)atun)]-3,7-auazadunukinol3.3.1 JHoHan-9-osa B 25 M 3TH-
mooro crupta U 0,5 M mupunuHa. Ilpum nmepememmBanum pobGasmsor 0,77 T
(0,0110 MOMB) CONSTHOKMCIIOTO THAPOKCHIAMUHA. PeakIMOoHHYI0 cMech Harpe-
BaroT npu 85-90°C B Teuenune 20 4. PacTBOpUTENb YyIapHBAIOT, a OCTATOK pac-
TBOpSITOT B 6 M Bojawl, momamenaunBatoT NaOH mo pH 12, skcrparupyrot
xsopodopmom, cymar MgSO,. PacTBopuTens ynapuBarT, OCTaTOK OYHIIAIOT C
MIOMOIIBIO KOJIOHOYHOHM Xxpomarorpaduu Ha Al,O;, 250eHT- OCH30J : HU30Mpo-
manoi- 20:1. ITomyqator 0,67 T (43 % oT TeopeTmdeckoro) okcuma 3-(3-0yTok-
cunpornwn)-7-[(2-(runepasus-1-un)stmn)|-3,7-nuazadunmkino[ 3.3. 1 Jnonan-9-ona
¢ R¢ 0,074 (AL,Os, amroeHT - 6eH30:1 : u3onponanon - 20:1).

HaﬁlleHO, %: C 62,83, H 10,04 C20H39N502.

Beruucneno, %: C 62,95; H 10,30; N 18,35.

UK-CIEKTP, Vimax, CM ' : 3287 (OH), 1668 (C=N).

Criextp IMP C, §, m.zi.: 46,06 (C-3,7); 54,21 u 57,13 (C-2,4,6,8); 161,38
(C-9); Numnepazunatnn: 57,13(C-15,17); 58,39(C-14,18);55,20 (C-12); 56,04 (C-
11). Byroxcunponun: 14,07 (C-26), 19,46 (C-25), 27,18 (C-20), 31,91 (C-24),
53,55 (C-19), 69,10 (C-21) u 70,85 (C-23).

O-benzounoxcum 3-(3-6ymokcunponun)-7-[(2-(nunepaszun-1-un)smun)]-3,7-
ouazabu-yuxao[3.3.1]nonan-9-ona. Cmecwr 0,67 r (0,0019 monp) oxcuma 3-(3-
OyTtokcurnpomnwn)-7-[(2-(mumepasun- 1 -wmn)aTwn) |-3, 7-muazaduinkiro[ 3.3. 1 JHonaH-
9-ona B 11 mn abcomorHoro 6enzona u 0,2 mi (0,00172 Moab) XJIOPUCTOTO
OeHzomia KUMATAT 5 4. M3 peakMoHHON CMeCH OTTOHSIIOT pacTBOPUTENb, OCTa-
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TOK 00pabaThIBAIOT BOJHBIM ITOTAIIOM. BOTHO-IIIEIOYHO# pacTBOP SKCTPArupyroT
xyopodopmom, cymar Hag MgSO, PacTBopuTens ynapuBaroT, OCTATOK OYH-
IIAI0T ¢ TTIOMOIIBI0 KOJIOHOYHOHM xpoMarorpadun Ha Al,Os, 37I0€HT- 0€H301:130-
nponanon 7:1. Ilomyuator 3,2 r (48 % ot teoperndeckoro) O-OeH30MIIOKCHMA
3-(3-0yrokcumnpomnun)-7-[(2-(nunepazun- 1 -ni)aTun) |-3,7-nna3a0uImK-
m0[3.3.1]aonan-9-ona ¢ R{0,46 (Al,Os, amoeHT - 6eH301 :u301poranon- 7:1).

HaﬁHeHO, %: C 65,82, H 9,07 C27H43N503.

Brrancneno, %: C 65,77; H 8,92; N 14,42.

UK-CIIEKTP, Vinax, eM 2 1723 (C=0 ci.adupn.), 1668 (C=N).

Crextp IMP “°C, 8, m.x.: 45,81(C-3,7); 54,21 u 57,13 (C-2,4,6,8); 161,38
(C-9); Iunepasunytu: 57,14(C-15,17); 58,42(C-14,18);54,30 (C-12); 53,82 (C-11);
164,34 (C=0). Byrokcunponm: 14,05 (C-26), 19,45 (C-25), 27,12 (C-20), 30,39
(C-24), 54,73 (C-19), 69,08 (C-21) m 70,85 (C-23). ®ennn: 128,56-133,24.
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Pe3iome

A. E. Maamaxoea, B. K. IO,
K. /I Ipanues, T. K. Hckakosa, T. M. Ceiinxanos

1-(3-BYTOKCHUITPOITMIDITUITIEPUIH-4-OH
[MUITEPA31H OPBIHBACKAH BUCIIM/INH TYBIHABIJIAPBIHBIH,
CHUHTOHBI PETIH/IE

BucnunuH KaTapelHaH KaHAa OWOJIOTHSUIBIK OCJICEHI 3aTTapiAbl i3/IeCTipy Makca-
TeIH/a | -(3-0y TOKCHIIpOIMIT ) TUIIEpUANH-4-0H HETi3iHAE MTUIepa3uH opbiHOacKkaH 3,7-aua-
3abummkio[3.3.1] HoHaHmap cuHTe3nenAl. MaHHUX peakIuschl - OHCITUAWHOHIAPIBIH
CHHTE31 YIIIH BIHFAMIbI Oip caThutbl oic.OchUTaiiiia, cipKke-MeTaHOI OpTaja MHATICPUIOH-
HBIH mapadopM MeH 2-(munepasuH-1-mi)ITHIIaMHHEMEH KOHJCHCAIUAIAy apKeUIbl 3-(3-
OyTokcumponn)-7-[(2-(munepasus- 1 -mwi)atun)|-3,7-anazadbunukio[ 3.3. 1 JnonaH-9-oH
cuHTe3menal. Opi Kapail, Kwkaep-Bonbsd peakiusicel sxarmaiipiaaa 3,7-1ua3aOuIivK-
110[3.3.1]nonan-9-oua61 KOH KaThIChIHIA TPUITHUIICHIIIMKOIBIETI THAPA3HH THAPAT dce-
pIMEH TOTBIKCBI3JAHIBIPY apKbLIbl 77% UIBIFBIMMEHCOWKEC HOHAaH aibiHIbL. 3,7-Jlnaza-
ounukio|3.3.1JHoHaH-9-0HBITY3 KBIIKBUIABI THAPOKCHIAMUHMEHY33K YaKbIT KbI3ABIPY
(8-10 carar) 43% mIBIFEIMABI MaKcaTThl OKcHMTe oKenai.Jlopiiik 3ar amy ymiH,0eiaMe
Temneparypaceinaa  3-(3-Oyrokcunponun)-7-[(2-(mumnepasus- 1 -um)3twn)|-3,7-mua3adu-
mukio[3.3.1JHoHAH-9-0H OKCHMiH a0CONIOTTI OCH30IMA0CH30MII XJIIOPUAIMEH OpEeKeT-
TECTIpill, aNbIHFaH THAPOXJIOPHITI KaIWiiMEH eHJeyneH KeiliH oHbH O-0eH30MI0KCHMI
QIBIHABL. AJIBIHFaH KOCBUIBICTapAbIH KYpPaMbl MEH KYPBUIBICHI 3JIEMEHTTIK capamnrama,
XKyKa KabaTThl xpomatorpadus, MK xone "C SIMP crieKTpocKOmusIapl KoMeriMeH pac-
TaJgbL.

Tyiin ce3gep: 1-(3-OyTOKCHIIPOIIII)IUIIEPUANH-4-0H, MUNIEpa3WH OPBIH OacKaH
oucnuaun TyeiHabUIapel, UK-cnextpnepi, SIMP-cniekTpiepi, moTeHuuanapl xaHChI31aH-
JIBIPFBIILITAP.
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Summary

A. Ye. Malmakova, V. K. Yu,
K. D. Praliyev, T. K. Iskakova, T. M. Seilkhanov

1-(3-BUTOXYPROPYL) PIPERIDIN-4-ONE
AS A SYNTHONE OF PIPERASINE-SUBSTITUTED
DERIVATIVES OF BISPIDINE

To search for novel biologically active compoundsof a bispidine family, piperazine-
substituted 3,7-diazabicyclo[3.3.1]nonanes based on 1- (3-butoxypropyl) piperidin-4-one
had been synthesized. Mannich reaction is a convenient one-step method for the synthesis
of bispidinones. Thus, 3-(3-butoxypropyl)-7-[(2-(piperazin-1-yl)ethyl)]-3,7-diazabicyc-
lo[3.3.1]nonan-9-one was synthesized via simultaneous condensation of piperidone with
paraform and 2-(piperazin-1-yl)ethylaminein acetic-methanol medium. Further, the cor-
responding nonane was obtained with a yield of 77% via reduction of 3,7-diazabi-
cyclo[3.3.1]nonan-9-one by the action of hydrazine hydrate in triethylene glycol in the
presence of KOH under the conditions of the Wolff-Kishner reaction. Prolonged boiling
(for 8-10 hours)of3,7-diazabicyclo[3.3.1]nonan-9-one with hydroxylamine hydrochloride
led to the target oxime with a yield of 43%.To obtain a prodrug, by reacting the oxime
3-(3-butoxypropyl)-7-[(2-(piperazin-1-yl)ethyl)]-3,7-diazabicyclo[3.3.1]nonan-9-one with
benzoyl chloride in absolute benzene at room temperature, followed by processing the
resulting hydrochloride with potash, its O-benzoyloxime was obtained. The composition
and structure of synthesized compounds were confirmed by data of elemental analysis,
thin layer chromatography, IR and *C NMR spectroscopies.

Key words: 1-(3-butoxypropyl)piperidin-4-one, piperazine-substituted bispidine de-
rivatives, IR spectra, NMR spectra, potential pain substances.
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VJIK 544.18: 547. 823

K. JI. [IPAJIUEB’, P. . OMAPOBA®, A. K. FOILIIKAEBA’,
H. )K. JFOCEHOBA?, ®.A. BEKE)XXAHOBA®, I. C. AXMETOBA'

'AO «MHcTHTyT XMMIUeckux Hayk uM. A.B. Bektyposa», Anvater, Pecry6inka Kasaxcran
’HAO «Ka3axckuii HAIHOHATBHBIH MEHIMHCKAN YHIBepCHTeT», AnMaThl, Pecry6imka Kaszaxcran

AHAJIN3 TPOU3BOJAHBIX ITUIIEPUIUHA
C IOMOIIBIO METOJI0B KBAHTOBOM XUMUHA

AHHOTauMsA. 171 uccnenoBaHUi B3SITHI MOAETH 8 XUMUYECKUX COEIUHEHUHN MPOU3-
BOAHBIX TNHIEPUINHA, UII KOTOPHIX PAacCYMTAHBI MPOCTPAHCTBEHHEIE, DJICKTPOHHBIE U
SHEPreTHIecKrne XapaKTePUCTUKH C momomipio mporpammbel HyperChem Tpemst momy-
smnupuaeckumu Metogamu AM1, PM3, RM1. [Ipon3BeaeHHBIN pacdeT SHEPreTHIECKUX
XapaKTEePUCTUK MOJEIBHBIX COCIMHEHUI MPOM3BOIHBIX MHUIEPHINHA TO3BOIMUI yCTAaHO-
BUTh MX TEPMOJUHAMUYECKYIO CTaOMIBHOCTh. PacdeTsl 3apsAIoBEIX XapaKTEPUCTUK MPO-
W3BOJIHBIX THIIEPUINHA TOKA3ajH, YTO BCE COCAMHEHHUS MMEIOT OIWH HYKICO(UIbHBIA
PCaKIMOHHBIN [EHTP, MPEACTABIISIIONINI COO0U KHCIOPO B paJuKaie OCH30MIa. AHamU3
WHJIEKCOB PEaKIMOHHON CHOCOOHOCTH TO3BOJIMII ONpPENeNUTh, YTO XHMHUECKas CTa-
OMJIBHOCTH COEIMHEHUH, NMPOM3BOAHBIX NMHUIICPUINHA, 3aBUCHT HANPSIMYIO OT BEJIHYHMHBI
sHeprerudeckoil memn B3MO-HCMO; Bce uccnenoBaHHbIE MOJAEIBHBIE CTPYKTYpPBI SB-
JSIFOTCS. HYKJIeO(QHIaMu M JKECTKHMH 110 CBOEH NPHPOE; CKIOHHBI K PACTBOPUMOCTH B
MPOTOMMITBHBIX PACTBOPHUTEISIX. AHAIM3 PACCUNUTAHHBIX SHTANBINKA 00pa3oBaHUS MO-
JENTBHBIX MOJICKYJ TTOKAa3bIBAaET, YTO HAaMOOIee TEPMOAMHAMUYCCKN yCTOWYMBBIMH SIBIISI-
FOTCS IBa COCIMHEHUS.

KiroueBble cioBa: mpousBonnsle munepuanHa, HyperChem, peakunonHas crio-
COOHOCTB, 3apsIIOBBIC XapaKTEPUCTUKH, TEPMOINHAMUYECKAs] yCTOMYUBOCTb.

BBenenue. KBantoBass xumusi mpenctaBisieT coO00OH pasziesl TeopeTHIeCKOH
XUMUH, paCCMaTPUBAIOLUIMN CTPOCHHE U CBOICTBA XMMHUYECKHX COCIUHEHUHN Ha
OCHOBE METOJIOB KBAHTOBOW MeXaHMKH. KBaHTOBO—XHMMHYECKHE HCCIEIOBAHUSI
Jal0T JOCTOBEPHOE OIMCAHUE PEAKIMOHHOM CHOCOOHOCTH COEAMHEHMH, M03BO-
JIIOT OTPEAETUTh YCTOWYMBOCTh XMMHYECKOW CTPYKTYPHI M THI 00pasyromien
€ro peaKuuu.

OTAMYUTENBHON OCOOCHHOCTBIO KOMITBIOTEPHBIX IMPOrpaMM KBaHTOBOH
XUMHUH SIBIIIETCS TO, YTO C UX MOMOULIBIO BO3MOYKHO H3YUYEHHE CBOICTB HE TOJIBKO
pealbHBIX, HO W TUIOTETHMYECKHX MOJEKYJ WIA MX KOMIUIEKCOB, YTO OYEHb
yIoOHO 17151 IPOTHO3UPOBAHUS CBOWCTB HOBBIX MOJICKYJI HJTH MX B3aUMOJCHCTBHUS
C Pa3IYHBIMU CTPYKTYpamH (B TOM YHUCIIC, U ONOJIOTMYECKUMN).

B Hacrosimiee BpeMs HCIOJIB3YHOTCSI TEOPETHUECKHE KOMIIBIOTEPHBIE MPO-
IpaMMBI, MPOTHO3HPYIOIIHE OCOOCHHOCTH XHMHYECKOIrO, 3JIEKTPOHHOTO U Teo-
METPUYECKOTO CTPOEHHUS HOBBIX COEAUHEHHH. B HalleM NOHMMaHWM JJaHHBIC
HCCIIEA0BAHNUSI BHOCST CYIIECTBEHHBIM BKJIaJ B Pa3BUTHE TCOPETUUYECKUX Ha-
MIpaBJIEHUIl MOJAETUPOBAHMS HOBBIX COEIMHEHHH. OTO IO3BOJIUT OMPEIEIHUTh
JOKa3aTelIbHble MOMEHTBI Ha HEOOJIBIIOM KOJIMYECTBE CMOJACIMPOBAHHBIX
COEUHEHHN, 4TO, B CBOIO OYE€pEb, BHECET ONPENEIECHHBIN TEOPETUUECKUI BKIIA]]
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B XMMHIO TIPOM3BOJHBIX HOBBIX COCIMHEHUU W 3HAYUTEIBHO COKPATUTH HKOHO-
MHUYECKHE 3aTPaThl HA MOIYyYCHUE HOBBIX JICKAPCTBEHHBIX MIPENapaToB.

XuMudeckne u OMOIOTUYECKHE CBOWCTBA (DM3MOIOTUYECKH aKTHUBHBIX Be-
MECTB B 3HAYUTEIIEHON CTEIMIEHH 3aBUCAT OT MX CTPYKTYPHBIX CBOWCTB, M TIPaK-
TUYECKH BO BCEX OHMOXUMHYECKUX TIIPOIECCaX, XapakTep B3aUMOJICHCTBUS U
CTpyKTypa 0Opa3yrmuxcs MPOAYKTOB OINPEAETSIOTCS MPOCTPaHCTBEHHHBIM
CTpoeHHEeM. B pemeHun Mogo0HBIX TPOOJIEM COBPEMEHHBIE METOIBI KOMITHIO-
TEPHOM XWMHUHM — MOJCKYJSpHAs MEXaHWKa M KBAHTOBO-XMMHYCCKHUI aHAIN3,
MIPUOOPETAIOT TMEPBOCTEIIEHHOE 3HAYCHUE, MOCKOJIbKY TMO3BOJISIOT BBIYUCIATH
MHOTHEC (DU3UKO-XUMHUYECKHE XapaKTEPUCTUKH MOJICKYJ: JIJTUHBI CBS3CH,
BaJICHTHBIC U JIU3IPAJILHBIC YTJIbI U ONPEACIATh KOH(POPMAIIMOHHBIN COCTaB, TEII-
JIOTHI ¥ DHEPTUU 00pa30BaHHS M PACTBOPEHUS, 3apsJibl HA aTOMaX M PEaKI[MOH-
HYIO CIIOCOOHOCTb.

OueBUIHO, YTO KBAaHTOBO—XMMHUYECKHE MCCIICAOBAHUS ITO3BOJISIIOT BCECTO-
pOHHE OIICHUTHh XMMHYECKHE CBONCTBA PACCMaTPUBAEMOU CTPYKTYPBI, U BHECTH
CBOIO TTOCHJIFHYIO JIETITY B MPOBEACHNE BUPTYaJILHOTO CKPHHHUHTA TIPH CO3/IaHUU
COCTMHCHUS-TTUCPA.

B kadecTBe OOBEKTOB HCCICIOBAHHS B3AT PSI HUXKECICAYIONIMX IPOU3-
BOJHBIX TUIEPUIUHOB, B YACTHOCTH, KETOKCUMIUNIEPUANUHOB [1, 2]:

(IT (0
NOH NOC— NOC—C,H;
|| NG 4
IZ 1}1 THC1 1}1 HCI (ﬁ
H,CH,OH CH,-CH,-OH CH,-CH; O-C—C,H;
1 2 3
NOH
NOC—
I \_7/
N N
1}1. HCI (I)I _ éHz(szCHzOH éHZCHZCHZOH
CHz-CHz_O_C_<\ />
4 > 6
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Ilensto mccienoBaHusl SIBJIAETCSA aHAIM3 MOJIEKYJISIPHBIX MOJEIEH XHMH-
YeCKUX COCTMHEHHUH MPON3BOAHBIX MUTIEPUINHA C TOMOIIBIO METOI0B KBAaHTOBOU
XUMHH.

Martepuajbl M MeTOABI HcciaenoBaHus. KoMIblOTEpHBIE HCCIEN0BaHUS
CBOMCTB Tpom3BoIMIHCh ¢ momomsio mporpamMm HyperChem. HyperChem —
KOMIUIEKCHBIM MPOTpaMMHBIN NPOIYKT, pa3paOdOTaHHBIN JUIs 3aja4 KBAaHTOBO—
MEXaHMUYECKOTO MOJICIIMPOBAHUSl AaTOMHBIX CTpyKTyp. OH BKIIO4aeT B ceOs
MIPOrpaMMBl, PEATU3YIOIIAE METOABl MOJEKYJIIPHOH MEXaHWUKH, KBaHTOBOU
XUMHH W MOJIEKYJISIPHON NWHAMHUKHA M MOXXET MPOU3BOAWTH BBIUMCICHUS JIIEK-
TPOHHBIX U MPOCTPAHCTBEHHBIX XapaKTEPUCTHK CTPYKTYPBl XUMHUYECKOTO CO-
€AMHEHUS TpH IOMOIIM CIEOYIOIUX HHTEIPUPOBAHHBIX METOAOB pacuera:
METO/IBI CHJIOBBIX ITOJIEH; TOTyIMITUPUYIECKHE METOIBI; HEOMITNPHIECKHUE METOBI
pacuera 1 MeTOABI (PyHKIMOHATIA TUIOTHOCTH.

PE3VYJIbTATBI U X OBCYXJIEHUNE

[Ipu momomm mporpammel HyperChem (Bepcus 8.0.8) paccuuTassl mpo-
CTPAaHCTBEHHBIE XapakTepucTHKH miasi 10 Moxeneil XUMHYECKHX CTPYKTYp
MIPOM3BOAHBIX MUMNEpUANHA. [ pacueToB HCHOJIB30BAHBI MOJIY3IMIHPHUECKHE
meroasl AM1, PM3, RM1. Meron AM1 npencraBiser rpyniny METOLOB CaMo-
cormacoBaHHOTO moysg. C ero MOMOIIBI0 MPOBOMIAT PACUETHI JJISI OPTaHUIECKHX
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MOJICKYJI, COAEPIKAIUX DJIEMEHTH M3 TVIABHBIX MOATpynm 1 w 2 rpymnm mepuo-
JUYECKOM cucTeMbl. MeTo/ MO3BOJISET PACCUUTHIBATH DJICKTPOHHYIO CTPYKTYPY,
ONTHMHU3UPOBATh TEOMETPHIO, PACCUUTHIBATH TIOJHYIO DHEPTHUI0 M TEIIOTY
obpazoBanus [3]. Merog PM3 smnsgercs momudumupoBaHHEIM MeTomoM AMI,
OTIINYAsICh TOJILKO BelIMYMHAMU mapameTpoB. [lapamerpsr ans PM3 momyueHst
CpaBHEHHEM OOJIBIIIOTO YHCIIa U BHJA IKCIIEPUMEHTOB C Pe3yIbTaTaMH PacUeTOB.
HexoBaneHTHbIE B3aMMOJIEUCTBUSL OKa3bIBAIOT MEHBIIMN pacTaIKWBAIOIINAN
spdext B merone PM3, yem B AM1, Tak xak PM3 nepBoHavaibHO pa3zpabathi-
BaJICs JJIS pacueTa opraHuyeckux moiekyn [4]. Merog RM1 uaentuueH metony
AMI, ero paborta yiydmieHa 3a cyeT OOHOBJEHHBIX W JydIle MOJ00paHHBIX
mapameTpoB. B OGombmuHCTBe CciiydaeB RM1 maer myumime pes3yiabTaTel IS
OpPraHWYECKUX COCJAMHEHUN W OMOMOJIEKYJ IO CpaBHEHHIO ¢ Meromamu AMI u
PM3. Metoxg RM1 sBnsiercst penapamerpuzoBanHbiM MeTogoM AM1 ana 10 ane-
mentoB: H, C,N, O, P, S, F, Cl, Br, I [5-7].

Tounocts MeToma RM1 mo cpaBHeHuto ¢ metonamu AM1 u PM3 mpusenena
B Ta0uie 1.

Tabnuna 1— CpaBHHUTENbHAS XapaKTEPUCTHKA TOYHOCTH MeTonoB AM1, PM3 RM1

CpenHsist omOKa
Ao AMI PM3 RMI f&i‘;‘g}fx
C,H,N, 0
TemnoTs! 0O6pa3oBaHus (KKaJl/MOJb) 9,06 5,98 5,04 986
Junonbabie MOMEHTHI (/1) 0,26 0,29 0,23 59
Torennumaner nonuzanuu (3B) 0,48 0,55 0,42 102
Banenrnsie yrist (°) 0,027 0,023 0,020 618
Jnmnsl cesseii (A) 6,06 7,33 7,05 737
P,S
TemnoTs! 00pa3oBaHus (KKaJ/MOJb) 12,60 14,64 7,40 167
Junonbabie MOMeHTHI (/1) 0,74 0,56 0,49 16
TToTenuuansl nonuzanuu (3B) 0,52 0,47 0,42 38
Banenrnsie yrisr (°) 0,069 0,061 0,050 84
Jnunsl csseit (A) 6,75 6,39 7,77 72
F, Cl, Br, I
Terutors! 06pa3zoBaHms (KKaJI/MOIIB) 16,71 10,62 7,12 327
JunonsHbie MOMEHTHI (/1) 0,37 0,43 0,42 52
Torennumans: nonusanuu (3B) 0,77 0,59 0,49 92
BanentHsie yris! (°) 0,051 0,038 0,039 202
Jlmans! cBsseit (A) 3,94 4,88 4,43 101
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Meromamu AM1, PM3, RM1 mis 10 MOmETsHBIX MOJIEKYJ TTPOW3BOIHBIX
MUNepUArHA ObLUTH PACCYMTAHBI MPOCTPAHCTBEHHOE CTPOCHHUE, C IENBbI0 BhIOOpA
Han0o0JIee ONTUMAIBHOTO METO/Ia JJIs TATbHEHIITUX PacueTOB.

[IpoBeneno cpaBHEHHE PACCYNTAHHBIX YKa3aHHBIMH METOJAMH JUINH CBS3ei
C=0, C-H, C=C (sp’—rubpuamsamus atoma yriaepoaa) u C—N. J[aHHbIC BUIBI
CBS3CH SBIAIOTCS OCHOBHBIMH MEXIYy aTOMaMd B THUICPUIWHOBOM IHKIE, H
MIPUCYTCTBYIOT BO BCEX COEAMHEHUSX BHIOOPKU. BBIOOp MaHHBIX COEAMHEHUN AJs
pacdeTa MPOCTPAHCTBEHHOH CTPYKTYphl OOYCIOBIICH HEOOXOIUMOCTHIO aHAJIA3a
pacyeToB MpH BIMSIHAU HAa HUX OOJBIIOTO YHCIa Pa3HOOOPA3HBIX 3aMECTUTENEH 1
Ipyrux TUHOB cBs3eil. [lomydyeHHbIe JaHHBIE CPABHUBAIKNCH C SKCIIEPUMEHTAIb-
HBIMH JaHHBIMH [8, 9] U ipecTaBieHsl B Tabmnax 2 u 3.

[IpoBeneHo cpaBHEHHE PacUeTOB C IKCIEPHUMEHTAIbHBIMU JaHHBIMU. C=C
(nBoliHast yrieponHas CBs3b, PACIOJIOKEHHAas B OCH30JIBHOM KOJIBIIC; JKCIIe-
PUMEHTANILHOE 3HAYEHHE JUTMHBI CBs3H — 1,395 A), 6bina paccunTana 10CTaTOUYHO
TOYHO BCEMH METOJIaMH, C OTKJIOHeHHeM B Tipenenax oT —0,005 no +0,005. Ces3b
C=0 (uBoiiHas CB3sib YIJIEPOA—KHUCIOPO/, SIBJISICTCS KOMIIOHCHTOM KapOOKCHIIb-
HOI TPYIIIBI; KCHEPUMEHTAILHOE 3HAYEHHe JUIMHBI CBsisu — 1,215 A) nanGonee
TOYHO ObLTa paccunTaHa MetogoM PM3 (pacuerst metonom AM 1 — oTkiIoHEeHHE
B nipenenax ot +0,01 mo +0,02; pacuetst PM3 — oTKJIOHEHHE B mpejenax oT —
0,002 mo 0,001; pacuerst RM1 — otknonenue B npeaenax ot —0,002 go +0,001).
Cesi3p C—N (BXOAWUT B TETEPOLHMKI MUTIEPUINHA, SKCIIEPUMEHTAIEHOE 3HAUYEHUE
mmaHbl cBasu — 1,47 A) Oblma paccumtaHma ¢ OJMHAKOBOH TOYHOCTBIO Kak
merosiom PM3, Tak u metomom RMI1 (otkmonenue B mpexpenax ot +0,005 mo
+0,025). Metox AM1 naer otknonenue B npeaenax ot —0,02 mo —0,025, motomy
SBIIIETCS caMbiM HETOUHBIM. CBs3p C—C (MMeeTcss Kak B TETEPOIMKIaX U BHI-
CTyMaeT B POJH CBS3YIIETO 3BEHA C APYTUMH paauKalaMd, SKCIIEPUMEHTATHHOE
3HayeHue MIMHBL cBasu — 1,54 A) (pacuerst Metonom AM 1 — OTKIIOHEHHE B
npenenax ot —0,045 mo +0,005; pacuerst PM3 — oTkiIoHEHHE B TIpeneniax OT —
0,004 no —0,015; pacuerst RM1 — otkiionenue B npeaenax ot —0,055 no —0,015).

[lo pesynmbraTam cpaBHEHUs, HauboJiee MPUOIMKCHHBIMH K IKCIICPUMEH-
TaJbHBIM JaHHBIM (110 3HadYeHHMIM cBszeit C=0, C—C, C=C) oka3aJiich IaHHEIC,
oTydeHHble MeTogoM PM3 u mMeHHO OH BBIOpaH I MadbHEHIIMX HCCIe-
noBanuid. Jlyis BeIOOpa HauboJiee PHEPreTUUYCCKH YCTOMUYUBBIX CTPYKTYP IMPOBE-
JIEHO CpaBHEHHE PAaCCUMTAHHBIX MOIYIMIUPHUYECKUM MeToqoM PM3 sHrambnuit
00pa3oBaHUS MOJACIHHBIX MPOW3BOJHBIX MHIECPUANHA. DHTAIBINI 00pa30BaHUS
0TOOpaXkaeT KOJUYECTBO IHEPTUU MPoIlecca 00pa30BaHus CII0KHOTO BEIIECTBA U3
MPOCTBIX BEIMIECTB. JHTAJIBIIUSA — 3TO XapaKTEPUCTHUKA, OTOOpaKaromias KOJIH-
YeCTBO BHYTPEHHEH SHEpruM CHUCTEMBI (MOJEKYIbI), KOTopas oOeclednBaeT
YCTOMYHUBOCTEH MOJICKYJIBI KaK CTPYKTYPBHL.

[To pacdeTHBIM JaHHBIM 3HTANBNUN 00pa3oBanus U3 10 MOIEITBHBIX MOJICKYIT
MIPOM3BOHBIX MMUTIEPUIMHA HAaNOO0JIee YCTOMYUBBIMU SIBJISIOTCS 2 COEAMHEHUSI:

— {1-[2—(TTpoTTaHONUIIOKCH )—3THJI |-TIHITEPUINH—4—HITHIeH | aMHUHOITPOTIaHOAT
(Ne3) — comepxut 1 KapOOKCHIIBHYIO TPYIITYy U | aMUHOIIPONIAaHOUII—PaIuKal;
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— {1-[3—(mpoTTaHOMITIOKCH }—TIPOTIHJI |-TTUTIepUANH—4—MITAICH } aMUHO-
nponanoaT (Ne) — comepxxut 1 mpomaHomn—pagukan ¥ 1 aMHHOIPOTAHOMJI—
paaukarn;

Hns 3TuX AByX Hambojee yCTOWYMBBIX MOAEIBHBIX NPOW3BOIHBIX IHIIE-
puanHA, TOCIE ONTHUMHU3AaNMH MeTogoM PM3, ObLIM TOMyYeHBI MPOCTpaH-
CTBEHHBIE CTPYKTYpBHl C HyMepaunued Hu pacHojOXEeHHEM aTOMOB, MpPEeACTaB-
JICHHBIE Ha PUCYHKaX 1, 2.

Pucynok 2 — {1-[3—(iponaHOMIOKCH )—IIPOITHII |-IHIepUANH—4—MInIeH } aMuHonpomnaHoatr (Ne8)

Jlanee mpousBeneH pacueT 3HaUeHUH dHepretrndecko mean B3MO-HCMO
(pa3HuLa MEeXAY UX SHEPTHAMH), PE3yJIbTaThl PacYeTOB MPEACTAaBICHHI B Ta0IHIEe
4. Ha ocHOBe MOJIy4YeHHBIX PAacdeTOB, MOXKHO CIENaTb BBIBOJA, YTO MOJEJIBHOE
coequaenne No3 mmeert orpunarensHoe 3Hauenne HCMO, gTo ompenenser ero B
Ka4eCTBEC HyKIIeO(i)I/IJIa, 4YTO MABJIACTCA IMOATBCPKIACHUEM BBIBOJA, CACIAHHOI'O
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paHee Ha OCHOBAHMHU aHaJM3a 3apsIOBBIX XapakTepucTuk. KacaTenbHO coemnu-
HeHus Ne§ MOXHO yTBEpKIaTh, UTO OH OyJeT BHICTYyHaTh B POJIH 3JIEKTpodua,
4TO OOBACHSETCS OTCYTCTBHEM B €ro CTPOCHHHM OCH30MII—pajuKana, Judo
«KOMITIEHCATOpa» B BHUJE JOMOJIHHMTEIBHOIO aroma a3ora (Kak B ciydae C CO-
eauHeHueM Ne3), CrocOOCTBYIOIIETO CMEIICHHUIO 3JCKTPOHHOW IUIOTHOCTH B
CTOPOHY aTOMOB KHCJIOPO/JIa, ONPEJCICHHBIX B KAYECTBE PEAKIIMOHHBIX [[CHTPOB.
CoriracHO pacdeTraM, BCE COCIWHECHHS OO0JaJar0T BBICOKUM Kod(DQHUITEHTOM
JKECTKOCTH, YTO CBHUJICTEJILCTBYET 00 MX HU3KON PEaKIMOHHOM CIIOCOOHOCTH U
BBICOKOH CTa0MIILHOCTH, W TIO3BOJISIET TOBOPHUTH 00 MX BO3MOXXHOM NMPUMEHEHUU
B Ka4€CTBEC JICKAPCTBCHHBIX BCHICCTB.

Ta6mua 4 — Oreprun B3MO n HCMO
B MCCJICIOBAHHBIX MOJIEIISIX HOBBIX MIPOM3BOAHBIX MHICPUIIHA

Ne coelMHEHHMSI M €70 Ha3BaHUE eB3MO, 3B | eHCMO, >B

{1-[2—(TIpOTIaHOMIIOKCH )—3 T |-ITUIIE pUANH—4—MITHICH }

amoTponanoar (Ne3) -9.5864 54 | —0.0037 55

{1-[3—(TIpOTIaHOMIIOKCH )—IPOTTAJI |-TTUTIEPUTMH—4—MITHJICH }

amuHOnpornaHoat (Ne§) —0484757 | 0224458

Ha ocHoBe pacdeToB OUIMOJILHBIX MOMEHTOB (Tabuinna 5) MccieqoBaHHBIX
COCIMHEHUH MOXHO ONPEACIUTH CIEAyIoIlee — BCE paccMaTpHBaeMble CO-
eIMHEeHUs] O00JIaJaloT BBICOKOH TMOJIIPHOCTHIO (HAaUMEHbIIeEe 3HAUCHHE HMEET
coenuHeHne 1—(2—TuapokcusTHI)—4—(IpONaHOMIIOKCH )—TTUIIePHITH—4—KapOOHO-
Bas kuciora: 2,004), u, ciemoBaresbHO, OYIyT XOPOIIO PAacTBOPUMEI MPAKTH-
YEeCKH BO BCEX IMOJISIPHBIX PACTBOPUTEISAX: BOJAA, CHUPT U T.J. DTO NOATBEPKIAET
BO3MOXKHOCTh IIOJyYEHHs] Pa3IMYHBIX JIEKAPCTBEHHBIX (OPM Ha OCHOBE
UCCJIEIOBAaHHBIX COSTMHEHHH.

Ta6muua 5 — JIMnonpHEIN MOMEHT B MCCIIEIOBAaHHBIX MOJEISIX HOBBIX MTPOM3BOIHBIX MHIIEPH/IIHA
(cpaBHEHHE ¢ TUMOIBHBIMM MOMEHTAMH MOJSIPHBIX PaCTBOpUTETICH)

Ha3zBanue coenuHeHus

P(w),D

{1-[2—(mponaHOMIOKCH )—3THIJI |-ITUTIE pPUANH—4—MITHUICH }
amuHOTNIponanoar (Ne3)

3,582 (pacu.)

{1-[3—(TIpOnIaHOMIIOKCH )—TIPOTTAII |-ITATIC PUAHMH—4—MITHICH }
amuHOMpomnanoar (Ne)

5,420 (pacu.)

Bona (ruapooxcuz Boopozaa)

1,86 (3xcmep.)

Tponmnenrnukons (1,2—mponanamon)

3,63 (akcmep.)

I'mauepun (mpomanTtpuon—1,2,3)

0,28 (akcmep.)

OTHIeHrMKOIb (3TaHuon—1,2)

2,2 (3kcriep.)

Ben3uioBeIil cnupT ((heHUIKapOUHOT)

1,71 (3xcmep.)

OTUIIOBBIA CIUPT (3TAHOI)

1,68 (3xcmep.)
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3akawuyenue. I[lonyueHHbIE pPE3yJbTaThl KBaHTOBO—XHMHYECKHX HCCIIE-
JIOBaHUW MOJICJIBHBIX TPOU3BOJHBIX MHUIICPUINHA, MPOBEICHHBIX IOJYIMITH-
pudeckuM MeTo oM PM3, O3BOJNISIOT ClIeaTh CIEYIOIINE BIBOIBIL:

— HauboJsiee ONMTUMAIILHBIM METOJIOM pacyeTa Ha OCHOBE JIAHHBIX PACueTOB
JUIMH CBSI3eM MEKIy aTroOMaMu Ui MCCIACIOBAHHBIX MOJEICH IPOU3BOIHBIX
MUIepUANHA ABIseTcs MeTo PM3;

— aHaJM3 PACCUUTAHHBIX DHTANBINN 00pa30BaHHS MOJCIBHBIX MOJEKYI
[MOKa3bIBACT, YTO HAHOOJIeEC TEPMOIUHAMUYCCKH YCTONYUBBIMH SIBJISIIOTCS COCIH-
HeHus Ne3 u Ne§.

— BCE HCCJICIIOBAaHHBIC COCIUHCHHS OO0JIAJJal0T BBICOKOH PEaKIIMOHHOW
CMOCOOHOCTBIO (BBIBOJ| CIICNIaH HA OCHOBE Pe3yJIbTATOB pacuera 3HAYCHUU dHep-
ruit B3SMO u HCMO);

— BCE COeJMHEHUs 007a/laloT CKIOHHOCTHIO K PACTBOPEHUIO B TOJSPHBIX
pacTBOPUTEIISIX.
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Pe3iome

K. JI. ITipanues, P. A. Omaposa, A. K. bowkaesa,
H. XK. Jliocenosa, @. A. bBexeawcanosa, I'. C. Axmemosa,

KBAHTTBIK XMW S AICTEPIHIH KOMETTMEH ITHUITEPU/IVH
TYBIHABICBHIH TAJIIAY

3eprrey yuiin HyperChem OarmapiaMachIHbIH KOMETIMEH KCHICTIKTIK, 3JIEKTPOHIBIK
JKOHE DSHEpreTHKajiblK cunarramanap AM1, PM3, RMI1 ym nomysmmupuKanibik oic-
TEPMEH eCENTeNTeH MUIEPUINH TYBIHIIBICBIHBIH 8 XMMUSIIBIK KOCBUIBICTAPBIHBIH MOJIEIb-
nepi anbsiabl. [TunepuanH TYBIHABICBIHBIH MOJENB/IIK KOCBLIBICTAPBIHBIH YHEPT e TUKAIIBIK
cHUINaTTaMajapblH ecenTey OJapAblH TePMOIMHAMUKAIBIK TYPAaKTBUIBIFBIH OPHATYFa MYM-
KiHgik Oepai. [TunepuanH TybIHABUIAPEIHBIH 3apSAATHIK CUITaTTaMalIapblH €CeNnTey OapIbIK
KOCBUIBICTAP/AbIH OCH30WMI paguKaNbIHIA OTTETi OOJNBINT TaOBUIATHIH Oip HYKICO(QMIBII
PEaKIISITBIK OPTAIBIFEl Oap eKeHiH KopceTTi. Peakmusuiblk KaOlIeTTUTIKTIH WHACKCTEPiH
TalAay MUIEPUINH TYBIHIBICH KOCBIIBICTAPBIHBIH XUMISUIBIK TYPAKTBIIBIFBI JKOFAPhI 00C
MOJICKYJIANIBIK OPOUTAIISTHBIH JKOHE TOMEH €PKIH MOJICKYJNANbIK OpOUTAJISTHBIH dHEPreTH-
KaJIbIK CaHbUIAYBIHBIH IIaMachlHA TIKEJICH OalIaHBICTBI CKCHIH aHBIKTAyFa MYMKIHIIK
Oepi;0apabIK 3epTTeNreH MOJCNBIIK KYPbUIBIMAAp HyKIeoDWIIZep XoHe TaburarTa
KaTaH; IpOoTOGUIBII epITIHAICPAC epirimTikke OeriM. Moaens MOJIeKyIaJapbiHbIH TY3i-
JIYIHIH €CeNTeNIreH JHTAIBIMSIAPBIH TANAAy €Ki KOCBUIBICTBIH €H TePMOJMHAMUKAIBIK
TYPaKThI EKEHIH KOPCETE/I].

Tyiiin ce3mep: mmnepunua TysiHAbUIapsl, HyperChem, peakumsinblk Kabineri,
3apsTay CUIaTTaMaiapbl, TEpPMOAMHAMUKAIBIK TYPAKTBIIBIFBI
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Summary

K. D. Praliyev, R. A. Omarova, A. K. Boshkayeva,
N. Zh. Dyussenova, F. A. Bekezhanova, G. S. Akhmetova,

ANALYSIS OF PIPERIDINE DERIVATIVES USING METHODS
QUANTUM CHEMISTRY

For research were taken models of 8 chemical compounds of piperidine derivatives,
for which the spatial, electronic and energy characteristics were calculated using the
HyperChem program using three semi-empirical methods AM1, PM3, RM1. The calcu-
lation of the energy characteristics of the model compounds of piperidine derivatives
made it possible to establish their thermodynamic stability. Calculations of the charge
characteristics of piperidine derivatives have shown that all compounds have one nuc-
leophilic reaction center, which is oxygen in the benzoyl radical. Analysis of reactivity
indices possible to determine the chemical stability of the compounds piperidine deriva-
tives, depends directly on the magnitude of energy gap HOMO-LUMO; all studied model
structures are nucleophiles and rigid in nature; prone to solubility in protophilic sol-
vents.An analysis of the calculated enthalpies of formation of model molecules shows that
two compounds are the most thermodynamically stable.

Key words: piperidine derivatives, HyperChem, reactivity, charge characteristics,
thermodynamic stability.
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P. M. YEPHAKOBA, V. K. JPKYCHUIIBEKOB, C. A. ABETAEBA

AO «MHucTHTYT XMMIUYecknx Hayk UM. A.B. bexrypoBa, AnMater, Pecrry6inka Kasaxcran

W CCJIEJJOBAHUE KOMILIEKCHBIX COEJVNHEHNIA,
MOJIYYEHHBIX B CHCTEMAX K;[Fe(CN)s]/ Kq[Fe(CN)q] -3H,0 —
FeSO,7H,0-H,0, METOJIOM SIT'P- CIIEKTPOCEOIINH

AHHOTanusA. YCTaHOBJICHO, YTO YTO B HCCIEAYEMBIX CHCTEMax 00pa3yroTcs deppo-
[IHaHHUTHBIC KOMILUICKCHI, KOTOPHIC OTIUYAIOTCS BHEITHeC(hepHBIM KaTHOHOM. B cucteme
K;5[Fe"(CN)¢]-FeSO, 7H,0-H,O obpasyercst Fey  [Fe'(CN)o]s+(3-4) H,0, a B cucteme
K4[FeH(CN)6]-3H20—FeSO4-7HZO—H20 — CMeIIaHHAs JKelle30-KaiueBas (epporuaHu-
Hast conb KFe’ [Fe"(CN)g]-H,0. TTpeatosxkeH MeXaHH3M MPOLECCOB B3aUMOACHCTBHS B
MMCCIIeyeMbIX cucTeMax. BoisiBiero, uto B cucreme Ks[Fe’ (CN)s]-FeSO47H,O mpote-
KaeT OKHCIIUTEIbHO-BOCCTAHOBUTEbHBIN MPOLIECC U MPOUCXOANT IIEPECTPOiKa reKcanna-
nodeppar(Ill)-annona B rekcarmanodeppar(Il)-annom: [Fe™(CN)s]* — [Fe'(CN)]*~.

KaioueBsie caoBa: rekcarmanogeppat (I11) xamus, rekcarmanogeppat (I111) kanus,
cynbdar xkenesza (II), ATP-cmextpsl, SAIP-cniekrpockomnus, MEccOayIpOBCKUIl CHEKT,
(beppormanm.

BBenenue. Ddpdexr Meccbayspa uam anepHeiii ramma-pe3onanc (SI'P) Ha-
e IMHUPOKOe MPUMEHEHNE B Pa3iudHbIX oOnmacTsx [1-3], B ToMm ymcne B mccie-
JOBAHUAX CTPYKTYpHl M CBOWCTB KOMIUIEKCHBIX coenuHeHuit [4-7]. Ilpexne
BCEro, 3TO KAacaeTcsl JKEJIe30COoJAepKalllUuX KOMIUIEKCOB [2, 4-6, 8]. bnaromaps
HCKIIFOUATEIIbHOM 4yBCTBUTENBHOCTH NapameTpoB SI'P K HUYTOXHBIM H3Me-
HEHUSIM 3HEPTUHU SAEPHBIX Y-KBAHTOB, MOYKHO IOJIyYHTh II€HHBIE CBeIEHHE 00
3NIEKTPOHHOM cTpyKType BemectBa. Cnextpometp AP, ocHoBaHHBIH Ha Y dekTe
Meéccbayepa, MO3BOJSET CPaBHUTH 3HEPIHMM SAJOCPHBIX IEPEXOAOB B IBYX Be-
mecTtBax. Ecnu n3mydaromee M IMOTJIONIAIONIEE AP0 HAXOIATCS B PazIUYHBIX
XUMHUYECKUX COEIMHEHMSIX, TO PACIpE/IeNIEHUE dJIEKTPOHOB Y HUX HEOJINHAKOBO.
OTO NPUBOIUT K Pa3INYUIO SHEPTHH CBA3M JJIEKTPOHOB C siApaMH, a ClIeJOBa-
TEIbHO, U K Hanuuuio B SI'P-cnexkTpe HM30MepHOro caBura, KOTOpPBIA HEIO-
CPEJCTBEHHO CBSI3aH C XMMHYECKOH CBs3bi0. CpaBHEHHE HM30MEPHBIX CIBHIOB
COCAMHEHMH II03BOJISICT MOJYYHTh MPEICTaBICHHE 00 H3MEHEHUH JJIEKTPHU-
YEeCcKOTo ToJII B 00macTn MEccOayepoBCKOTO aToMa B 3aBUCHMOCTH OT HPHUPOJBI
KOHIICBBIX TpyHI MoJiekyJsibl. [Ipumenenue s¢dexra méccOayepa K H3yUCHUIO
(deppoLaHuIoB HMMEET Iepel aHATUTHYECKMMH METOJAaMH HEOCIIOpUMOe
MIPEUMYLIECTBO, 4YTO oOecreynBaeT aHajiu3, HE HapyLIAOUMA COCTOSHHUS
BemiectBa. Meron AI'P-cnextpockonmu 3¢ dexTrBeH npu BcciaenoBaHUH TeKca-
uuanodeppatoB (II)-u rekcanmanodeppato (1) xenesa, xamus, HATPUS U Op.
[9, 10]. UccnenoBanme Al'P-cnextpoB dheppu- u GpepporianuioB 1aeT BO3MOXK-
HOCTH OXapaKTEepU30BaTh ONIDKAIINe XWMHUYECKHE CBS3HM JKelle3a, a TaKkKe B
Ka4eCTBEHHOW (opMe OLEHUTh BIMSHHE MOJSAPU3AIMOHHBIX XapaKTEPHCTHK
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BHeMIHeC(hEepHBIX KATHOHOB Ha TIPUPOAY CBS3H BHYTpU (heppu- u heppornaHuI-
HBIX aHHUOHOB [6, 9-11], H3y4nUTh OKUCIUTEILHO-BOCCTAHOBUTEILHBIE MPOIIECCOB
KakK B pacTBOpax, TaKk U B KPUCTAJUINYECKUX cOeqUHEHUAX [1, 12].

OKCIIEPUMEHTAJIBHA A YACTb

B pabore ucnonw3oBainm cynbdar xkemneza (II) FeSO, - 7H,O kBamudukanum
«x.a» ['OCT 4148-66, cepras kucnora H,SO,4 kxBamudukarmm «4.» [OCT 4204-77,
rekcanmanodeppat (1) kamus Ky Fe(CN)g]-3H,O kBanmuduranmm «d.», rekca-
muanodeppar (III) xamms Ks[Fe(CN)¢] xBamudukamuu «4.». CHHTE3 KOMII-
JIEKCHBIX COEAMHEHWH OCYIIECTBIIIIM ITyTEM CMEIIMBAHHUS PAcTBOPOB TeKca-
manogeppata (II) wim rexcarmanodeppara (I11) kamus ¢ cynbdaram xenesa (1)
¢ obmeli konuenrpanuu (0,8-0,9) monb/n B kucnoit cpene (pH 2). KucnorHocts
peakuuonHoi cpenbl cozganu 0,1N pactBopom H,SO,. Ilpu ciuBanuM MCXOAHBIX
KOMITOHEHTOB, B3ATHIX B cooTHomeHnn K;[Fe(CN)s]:FeSO, 7H,O paBHOM 2:3 1
K4[Fe(CN)s]-:3H,0:FeSO47H,O paBHOM 1:2 ¢ mOCHEIyIONUM BBICATMBAHUEM
CIIMPTOM BBHIMAAANM OCAAKH CHHErO ILBETa, KOTOPBIE OTIEISUIM OT MaTOYHOTO
pacTBOpa 1 Aajiee CyIIiIN Ha BO3AyXe.

M¢éccOayapckue CHEKTpbl MOJYUYEHHBIX (EepPPOLMAHUIHBIX COCIMHECHUN
cuuManmu Ha crektpomerpe CM 2201 ¢ ucrounmkom Co’' B MaTpuie Xpoma,
aktuBHOCThI0 100 mMmummkropu. J{ns mpuroToBneHusi oOpa3noB Opaiii HaBECKH
200 mr, cmemmBaiM ¢ mapadUHOM W TIpeccoBaJid TabieTKH. Permcrparuio -
KBaHTOB, NPOLIEAIINX Yepe3 00pa3el, OCYIECTBISIIN PE30HAHCHBIM JIETEKTOPOM.
O0paboTky MéEccOayepcKuX CIIEKTPOB IPOBOJMIA C HWCIOJIB30BAHHEM IIPO-
rpamMmMbel Ha OBM 1o MeTony HanMEHBIIMX KBaapaToB. 3omepHBIE cIBHTH Ha
AI'P-cnexTpax npuBeneHbl OTHOCUTENBHO IIeHTpa criekTpa o — Fe [9, 10, 13,14].

PE3VJIbTATBI U X OBCYXJIEHNE

Ha pucynkax 1 m 2 mpencraBnensl SI'P— crnekTtpel HCXOIHBIX coieit
K;[Fe(CN)g], FeSO47H,0 (pucynok la, 6) u K4[Fe(CN)s]-3H,O ¢ FeSO,7H,0
(pucyHok 2 a,0) B cpaBHeHHH ¢ MEccOayepCcKnMu creKkTpaMmu obpasma 1, momy-
yenHoro npu B3aumozeiictBun Kj;[Fe(CN)s] ¢ FeSO,7H,O (pucyHox 1B) u
oOpasma 2, BeigenenHoro u3 cucreMbl Ky[Fe(CN)g]-3H,0-FeSO4 7H,0 (pucyHox
28). B Tabnuue npuBeneHB! pe3yNbTaThl UX O00paOOTKH - BEIMYUHBI M3MEPHBIX
casuros (OE;), kBagpynonbHbIx pacmeriennii (AEq) u oTHocuTenbHOE comep-
xaHue (S) pa3TMYHBIX KOMIIOHCHTOB.

Kak Bugno n3 pucyskos 1, a,6 u 2, a,6 méccbayepckuii criektp Ks[Fe(CN)g]
(my6ner) umeer cuemyromue mapameTpsl O0E; = -0.15 mm/c, AE; = 0.29 mm/c,
Ku[Fe(CN)]-3H,O (cunrner) — OE; = - 0.04 mm/c, AEq = 0.28 mm/c u FeSO,4 —
AEg; = 3.20 MMm/c, KOTOpBIE COIJIaCYIOTCSI C JIMTEpaTypHBIMH IaHHBIMH
[10, 15].
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a—FeSOy,; 6 —Ky[Fe(CN)gl;
B — oOpaser, BeineneHnsiid u3 cuctembl Ky[Fe(CN)g]-3H,0 — FeSO4 7H,0-H,0
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Crnemyer OTMETHTB, YTO OTCYTCTBHE B Y-PE30HAHCHBIX CIEKTpax TeKca-
nuanodeppara (II) xamus u rexcanmanodeppara (I1I) kanms KBaapymOIBLHOTO
pacuienyeHusl CBUAETENBCTBYET O KyOW4ecKod Wiu OJIM3KOW K Hel CUMeTpHuu
nona [Fe(CN)e]>". Eciu 27eKTpOHHAs CTPYKTYpa JABYXBaJICHTHOTO XKele3a MOKET
OBITH TIpesicTaBIeHa Kak 3d°4s4p, TO mpu 06PA30BAHMM €ro IIUAHHCTOTO KOMII-
nexca u3 natH 3d-opGuT aBe Mcmomb3ylorcs s 3d’4sdp’-ruapuamsanuu B
CBA3aX C HIEKTPOHAMHM JHraHnoB, kak y [Fe(CN)s]". B pesysibrare BOHHKAET
cepruecKy CUMMETPUYIHOE PACIPEAEICHUE 3apsiia, TPaJUeHT JIEKTUPUIECKOTO
MOJIT BO BCEX HAIPAaBICHHUSIX OKa3bIBAETCS OJWHAKOBBIMH, W KBAAPYTMOJIbHOE
pacIleIIeHne OTCYTCTBYET.

OCHOBHBIE NTapaMeTPbl CBEPXTOHKHUX B3aUMOACHCTBUH
B rekcarmanodepparax (11, III) u cynsdare xenesza (11)

Hccnenyemsbie OE,, AE,, S, WnentuduimpoBanHas
00pas3mel MM/C MM/c % (dopma coenuHeHUI
K;[Fe(CN)g] -0,13 0,29 100 [ Kj;[Fe(CN)g]
K4[Fe(CN)s] -:3H,0 -0,04 100 | K4[Fe(CN)s]
FeSO47H,0 1,27 3,20 100 [ FeSO4
. -0.15 36 deppounaHus xKenesa
O0pa3e1, BBIACTICHHBIN 037 0.52 58 Fe,'[Fe(CN)gl5 (3-4)H,0 [10,14]
U3 CHCTEMBI
K3[Fe(CN)g] — Fe®" BBICOKOCITHHOBOE COCTOSIHIE,
FeSO,7H,0- H,0O 1.07 2.02 6 OTHOCHTCS K KATHOHHOH (hopme He

HWACHTH()UIIPOBAHHOTO COCTMHEHHS

deppounaHus xenesa

-0.14 32 +
O6pasel, BbIIEIEHHBIH KFey”'[Fe!(CN)¢] ‘HoO [15]
U3 CUCTEMBI 0.26 0.39 46 Fe?" BBICOKOCIIMHOBOE COCTOSIHHE,
Ky[Fe(CN)g]-3H,0- OTHOCHTCS K KATHOHHOH (popMe He
FeSO,7H,0- H,0 .16 1.57 17 | unentuduuuposantoro coeuuenns

1.17 3.14 5 FeSO,

B o0pasnax, mosyueHHbIX Tpu B3auMmojeicTBun rexcannaHodeppara(ll)
kamua u rekcanuanodeppata(lll) xamus ¢ cynbdaTom Kenesa, CHHIJICTHAs
(deppuLlmaHuHAs JMHUS IEPEXOJUT B XOPOIIO pa3pelIeHHBId AyIUIeT (PUCYH-
ki 1B u 2B). BOo3HMKHOBEHHE B 3TOM Cllydae KBaAPYIOJBHOTO PaCIIEIUICHUS
BBI3BAHO HEPAaBHOMEPHOCTHIO B paclpeAesieHHH TpajieTa IeKTHUECKOro Mo B
none [Fe"(CN)q]* (pucynku 1 u 2, Tabnuna).

ConocToBHUTENBHBIN aHAMN3 MECCOAYEPOBCKUX CIIEKTPOB HCCIIEIYyEMBIX
obpasnoB 1 u 2, mokazan, yto SAI'P-cekTpsl HMEIOT aHAJOTWYHBIA IPYT IPYry
xapakTep (pUCYHOK 3).

CrexTpsl NPeACTaBJIAIOT COO0H CyNepHO3UIMIO CHHITIETHONH M AyOJETHBIX
COCTaBJISIIOMINX. B HUX NMPHUCYTCTBYET M JIETKO MACHTHU(HUIMPYIOTCS CHHTIIETHAS
nuHus, xapakTtepras ans uona [Fe''(CN)q]*, a Taioke xapaxrepnbrii ams Fe'™ ny6-
aer (2+3). bonee meranpHBIE MCCIEOOBAHHUS «HOPMAJIbHBIX» (EPPOLMAHUAOB,
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006001IeHHbIe B paboTe [9], mokazanm, 9To 60see yaaaeHHbIe OT U3Tydareis (Yim
MOTJIOTUTENIS) ATOMBI WM (DYHKIIMOHAJBHBIE TPYIIIBI TAKXKE OKA3bIBAIOT BIIMSHUC
Ha MPUPOAY XUMHUYECKHX CBs3eH MEccOAyIpPOBCKOTrO aromMa. DTO 0OYCIIOBIMBACT
M3MEHEHHUe HaOI0JaeMbIX Ha CIIEKTporpaMMax M30MEpHBIX cABUTOB. Kak BUIHO
n3 pucyHka 1 w Tabmuiel, st oOpas3mna 1, MOJydYeHHOTO TPH B3aUMOJICHCTBHH
K;3[Fe(CN)s] ¢ FeSO,, kBaapymonbHoe pacmernienne nonos Fe’*, Haxomsimxcs B
BBICOKOCITMHOBOM COCTOSIHMHM, MMeeT 3HadeHus 0F; = 0,37 mm/c u AEq = 52 mm/c.
B To Bpems kak B obpasiie 2, monyueHHOM U3 Ky[Fe(CN)g3H,0O u FeSO,, nmeet
MECTO YMEHBIIICHHUE M30MEPHOTO CIBHTa KBaJPYMOIHHOTO PACHICTUICHUS MOHOB
Fe*’, Haxo/ammuxcst B BBICOKOCITHHOBOM COCTastHUM, 10 3HaueHnii F; = 0,26 Mm/c
u AEq = 0,39 mm/c. Yka3annsie u3menenus B SI'P-cnextpe oOpasua 2 00ycnos-
JIeHBI, coryiacHo pabote [9,10], BIusHHEM MPUPOABI BHEIIHEC(EPHOIO KaTHOHA,
TaK KaK yCHJIEHHE MOJISAPU3YIOIIEro JCHCTBUS KAaTHOHOB BHEUIHEH c(epbl mpo-
SIBIIIETCS] HA BEJIMYWHE M30MEPHOTO CIIBUTA Y-pPEe30HAHCHOH mosockl. Kak o0bsc-
HSIOT aBTOPHI, 3TO CBSA3aHO C BO3PACTaHUEM IMOJISIPU3YIONIETO NEHCTBHUS KATHOHOB
BHEIIHEH c(ephl, 4TO BBI3BIBACT MEPEpaACIPECIHUE ICKTPOHOM TUIOTHOCTH Ha
MOJICKYJISIPHOW OpOMTE )KEIE30CHHEPOIUCTOTO KOMITICKCA.

O06o001IeHNe MOYYEeHHBIX PE3yIbTaTOB, a TaKXKe, COTIACHO WMCIOIINMCS B
HAY4HOW NuTeparype AaHHbMH [9, 15, 16], mo3BOMMIO MACHTU(PHUINPOBATH HC-
ClIelyeMbIe KOMILICKChI. B KHUCIION cpefe NMpu B3auMOJICHCTBUHM TEKCAIMAHO-
tdeppara (III) xamusa K;[Fe(CN)g] ¢ cynmbdarom xeneza (II) obpasyercs BogHas
cormb rekcammadodeppara (III) sxemeza Fey[Fe(CN)gls(3-4)H,O (o6pazer; 1),
a mpu B3amMojercTBuu rekcanuaHogeppara (1) kammsa Ky[Fe(CN)e:3H,O ¢
FeSO, — omHOBOMHBIN jkeje30-KaaueBbli (peppoIaHuIHBI KOMIUIEKC — TeKca-
unanodeppar(Ill) xeneso-kamuessiii KFe'[Fe(CN)g];H,O (o6paser; 2). ITomy-
yeHHas cMemanHas kene3o-kanuenas conb KFe[Fe(CN)g];'H,O cunero nBeta mo
napaMeTpoM OJiM3ka K IapaMeTpoM pPacTBOPUMOW OEpIWHCKOW Jazypu
Fes[F(CN)gls-(3-4)H,0. B 000X KOMIUIEKCHBIX COEAMHEHUSIX MPUCYTCTBYET MOH
Fe’" B BBICOKOCITMHOBOM COCTOSIHUH (Tabnuma). OHAKO IO UMEIOIIUM JIaHHBIM B
HAy4YHOW JIUTepaType HaM HE YJallOCh UICHTU(PUIIMPOBATE COSJAUHEHUE, B COCTaB
KOTOPOTO OH BXOJIUT.

Takum 06pazom, AI'P—crekTpockonuaeckuii aHaIm3 00pas3IoB, BEIICICHHBIX
u3 cructem K;[Fe"(CN)g)/K4[Fe'(CN)s]-3H,0-FeSO4 7H,0-H,0, nokasan, uto B
obonx cucremax oOpasytorcs rekcanmanodeppar(ll)comepkamme KOMITIEKCHI,
KOTOpBIE OTJIMYAIOTCSA BHEIIHEC()EPHBIM KAaTHOHOM. MCXOmst M3 IMOJYy4YEeHHBIX
pe3yAbTaTOB CIIEAYET, YTO TpOLECC KOMIIEKCOOOpa30BaHUSI B CHUCTEMax
K;[Fe(CN)g]-FeSO47H,0 u Ky[Fe(CN)g]-:3H,0—FeSO47H,0 B CHIIBHOKUCIIBIX
cpelax MpOTEeKaeT MO pa3HbIM MEXaHU3MaM.

B cucreme Ki[Fe’ (CN)¢]-Fe** SO, 7H,0 mpOHCXOAUT OKHMCIEHHE KaTHOHA
Fe*’, npucytcTByioutero B cymbdare xenesa (FeSO4) B IBYXBAICHTHOM COCTOS-
HYH, JI0 TpexBajieHTHOro karnona (Fe’*):

Fe’" +e — Fe'™. (1)
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TpexBanentHoe xenesa Fe', Haxomsmeecs B (eppUIMAHHA aAHHOHA
[F e(CN)6]3', BOCCTAHABJIMBAETCS J0 JBYXBAJIEHTHOIO COCTOSIHHUS:

Fe'' - e — Fe*'. 2)

[Ipu sTOM, IpOoHCXOAUT TIepecTpoiika rekcanmmanodeppar (I11)-annona B rek-
cauuanogeppar (II)-annon:

[Fe"(CN)s]” — [Fe"(CN)e]* . 3)

Hamee obpa3oBaBmmecs rekcanaHodeppaT-uoHsl B3aUMOJIECHCTBYIOT C
TPCXBAJICHTHBIM KaTHOHAMM JKCJI€3a, NPUCYTCTBYIONIUMH B CUCTEME BCJICACTBUC
OKHCIICHUS CyJb(aTHOTO Keye3a, ¢ 00pa30BaHUEM «IIPOCTOT0» TeKCIMaHOo(ep-
pata (II) xene3a. [Iportecc mpoTeKaeT Mo CICAYIOMICH cxeMe:

Fe'" - e=Fe" (E°=0,771 B)
0, +4H"=2H,0 (E" = 1,229 B) 4)

Fe'' +e = Fe" (E" = 0,771 B)

[Fe"'(CN)s]” — [Fe'(CN)g]* (B’ = 0,36 B) ©
2 e € +%02 +2H" —2Fe™ + H,0 ©)
Fe' + [Fe'(CN)o]* —Fe,"[Fe'(CN)q]s | (6)

Yro kacaercs cuctembl Ky[Fe*'(CN)s]-:3H,0 — Fe?'SO47H,0, To JIBYXBa-
JICHTHBIA KaTHOH JeJe3a, HaxoIsmuiica B cyibdara xenesa(ll) oxucnsercs no
Fe’" (peakuus 7), kak B BbIlIE onucaHHoi cucteme (peakius 1). Cyis 0 JaHHBIM
AT'P-crieKTpoCcKONMH B paccMaTpuBaeMoOl CHCTEME CHUCTEeMe, rekcanuaHodeppar
(III) xanmst B UccleqyeMbIX YCIOBUSAX Auccorupyet (peakuus 8). [IpucyrcTBytro-
mme B cucreMe Katnonbl Fe’™ m K B3anmoneiictByio ¢ rexcammanopeppar(ll)-
AHHOHOM C 00pa30BaHUEM CMEIIAHHOW JKEJIe30KANNEBON (eppolraHuHON COTU
(peakuus 9). Bzaumoneticteue rexcananodeppara(lll) ¢ cynsdarom xemnesza(ll)
MIPOTEKAET M0 CIIEAYIOLIeH cxeme:

Fe'' - e=Fe" (E°=0,771 B)

0, +4H" = 2H,0 (E’ = 1,229 B) (7)
Ku[Fe(CN)] <> 4K" +[Fe"(CN)s]* (8)
Fe'' + K"+ [Fe'(CN)s]” — KFe''[Fe'(CN)e] | )

Takum 00pa3om, COIJIaCHO TOJYYEHHBIM pe3yjbTaTaM M HMEIOIIMMCS B
HAYYHOH JUTEpaType CBEICHUSIM, B CHCTEME Ha OCHOBe rekcanmanodeppara (I1)
kamms Ky[Fe(CN)g] -3H,O B kucmoit cpeme (pH 2) oOpasyercs OIHOBOIHBIMA
CMelIaHHBIH (eppolanuy, — >Keye30KalueBoe (EeppolHaHnuIHOE COeITUHCHUE
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KFe"[Fe"(CN)g]3-H,0, KoTopoe OTHOCHTCS K PACTBOPUMOiT OEpIIMHCKOI Ta3ypH.
Ha ocuoge rekcanmanodeppara (I11) xamus K;[Fe(CN)g] oOpa3yercs «mpoctoii»
TpeX-YeThIpeX BOJHBINA (eppounanuy xeneza — rekcanuanodeppar (II) xenesa
Fes[Fe"(CN)s]s. Tlpu >ToM 06a COEIMHEHHS MMEIOT HHTEHCHBHYIO CHHIOKO
OKpACKy.
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Pesrome
P. M. Yepuaxosa, O. JK. Kycunbexos, C. A. Obemaesa

K3[Fe(CN)s)/K4[Fe(CN)g]-3H,0-FeSO, 7H,0-H,0 XKYHEJIEPIHIHH
SITP-CIIEKTPJIIK SIICI BOVBIHIIA 3EPTTEYJIEP

3eprrenin jKaTKaH JXyHelepae CHIPTKbI cdepa KaTHOHBIHAA epeKUIeTeHeTiH dep-
POLMAHUATIK KOMIUICKCTED TY3UICTIHAITT aHBIKTAJIbI. K3[Fem(CN)6]—FeSO4~ 7H,0-H,O
xyitecinge Fey  [Fe"(CN)els(3-4)H,O Tysineni, an Ky[Fe"(CN)]-3H,0-FeSO,-7H,0—
H,O xyiiecinne KFe' [Fe(CN)s]'H,O apanac Temip-kanuii (eppola-HUIiHIH Ty3bI.
3eprTenetin Kyifenepieri e3zapa opekerrecy Mexamm3Mmi ychiHbUwaH. Ki[Fe' (CN)gl-
FeSO47H,0 ylieciHae TOTHIKCBHI3AAHy IMPOIIECi KypeTiHi xoHe rexcaxcaHoandpat(IIl)
annonsl rexcaxcanodeppat(Il) aHHOHBIHA aifHATATHIHABIFB! aHbIKTAIb: [Fe' (CN)s] > —
[Fe"(CN)s]*~

Tyiiin ce3mep: xanmii rekcarmanodeppats! (II), kanumii rexcaunanogepparsr (I11),
temip (II) cynedarsl, SAI'P-cniextpnepi, SI'P-cnexrpockomnusicel, MéccOayap crekTpi, dep-
pOLMaHuI.

Summary
R. M. Chernyakova, U. Zh. Jussipbekov, S.A. Abetaeva

RESEARCH JF COMPLEX COMPOUNDS OBTAINED
IN THE K3[F€(CN)6]/ K4[F€(CN)6] 3H20 — FGSO47H207H20 SYSTEMS,
BY THE METHOD OF YGR-SPECTROSCOPY

It was established that ferrocyanide complexes that differ in the outer sphere cation
are formed in the systems under study. In the K;[Fe"(CN)s]-FeSO,7H,0-H,O system,
Fes  [Fe"(CN)ls:(3-4)H,0 is formed, and in the K [Fe'(CN)q]-3H,0— FeSO, 7H,0-H,0
system is a mixed iron-potassium ferrocyanide salt KFe’lFe' (CN) 4]-H,0.The mecha-
nism of interaction processes in the studied systems is proposed. It was revealed that in
the K3[Fe3+(CN)6]—FeSO4~7H20 system, a redox process takes place and the hexacya-
noferrate (III) anion is rearranged into the hexacyanoferrate (II) anion: [Fe"(CN)¢]>” —
[Fe'(CN)g]* ™.

Key words: potassium hexacyanoferrate(Il), potassium hexacyanoferrat (III), iron
(IT) sulfate, YGR-spectra, YGR-spectroscopy, mdssbauer spectrum, ferrocyanide
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YK 541.6+678.021.16
M. b. YMEP3AKOBA, B. J]. KPABI]JOBA, P. b. CAPUEBA, P.M. HCKAKOB

AO «MHcTuTyT XMMHYeckux Hayk UM. A.B. BektypoBay», Anmatsl, Pecyonuka Kazaxcran

NOJIMMEPHBIE KOMIIO3UIINU,
MOINP®UIINPOBAHHBIE MOHTMOPUJIVIOHUTOM

AnHoTanms. B 0030pe muTepaTypHBIX TAaHHBIX MOKa3aH aHAJU3 COBPEMEHHOTO CO-
CTOSIHUS TIO HMCCJICJIOBAHUIO MOJMMEPHBIX KOMITO3HIIMOHHBIX MAaTepPHAIOB MOIH(PHIIUPO-
BAaHHBIX TPHUPOTHBIM MHHEPAJIOM MOHTMOPIUIOHHTOM, CHOCOOCTBYIOIIHIA MOBBIIICHUIO
TEPMHUYECKHX, TPOYHOCTHBIX, & TAKXKE YIYUIICHHIO JIEKTPOCTATHYECKUX CBOMCTB, CHU-
JKCHHUIO Fa30POHUIIAEMOCTH MaTepHaia B IICIOM.

KaioueBble cjioBa: MOJIMMEPHBIC KOMITO3UIIMH, MOHTMOPUIUIOHUT, MOTMMEPHU3aIINs,
MOTU(DHKAIIHS.

B nHacrosimiee BpeMsi MepCTIIEKTHBHBIM HAINpaBleHHEM SBISIETCS pa3paboTka
HOBBIX KOMITO3UIIMOHHBIX MAaTE€pPUAJIOB Ha OCHOBE BBICOKOMOJIEKYJISIPHBIX COEIM-
HEHUIl C NPHUPOJHBIMH MUHEpaJaMH — KAOJIMHOM, LEOJIUTOM, MOHTMOPHIIIO-
HHATOM M WX aKTHBHPOBaHHBEIMHU (popmamu [1-3]. D10 00yciIoBICHO BO3pacTaro-
MIMMH TOTPEOHOCTSMU COBPEMEHHOW TEXHUKW W TEXHOJOTMH B HOBBIX THIax
MaTEPUAIOB C MOBBIIIEHHOHN HKCIUTyaTallMOHHON HAJ€KHOCTBHIO 33 CUET BBICOKHMX
MIPOYHOCTHBIX XapaKTEPUCTUK, H3HOCOCTOMKOCTH, TEPMO- M TEIUIOCTOMKOCTH,
Macyio- 1 O0EeH30yCTOMYMBOCTH, YIYUIIEHHBIMH TPHUOOJOTHUYECKUMH U APYTUMHU
cBoiicTBamu [4-6].

AnHanmu3 paboT CBUAETENBCTBYET O TOM, YTO 3HAUMTEIbHBIH 00BEM HCCie-
JIOBaHWH MMPOBOAMTCS C MOHTMOPHIIOHUTOM. MorTMOpriutornT (MM) siBisercs
OCHOBHBIM KOMITOHEHTOM OEHTOHHTOBBIX TJMH M IIHPOKO HCIOJB3yeTcs s
[TOJTyYEHHUsS] HOBBIX MOJIMMEPHBIX KOMIIO3UTOB B Ka4ECTBE HAIOIHMUTENS, & TAKXKe
Kak MoauduIMpyromas 100aBka, criocoOHas yIydIiaTh HEKOTOPHIE XapaKTepHC-
TUK{ TIONMMEPHBIX MaTepuayoB [6-11]. ITone3nsle kauecTBa TIMHHUCTOIO MHHE-
pajia onpeaensoTca cnenuUIecKuMI OCOOCHHOCTSIMHA €r0 MHUHEPaJOrMYECKHX,
KPUCTAIJIOXUMUYECKUX M (PU3UKO-XMMUYECKUX CBOHCTB. M3BECTHO, UTO aKTHB-
HBIMU LEHTpaMH CUJIMKarejled W aJlrOMOCHIMKATOB, K KOTOPBIM OTHOCAT MM,
SIBIISIIOTCSA TIOBEPXHOCTHBIE TPYIIBI TMAPOKCHIOB (TUApaTtupoBaHHbli MM) n
aTOMBI KHCIIOPOJa. DTO ¢ OOJBIINM YCIEXOM MCHOJB3YIOT ISl ITOJyYeHHsI HAaHO-
KOMITO3UTOB B 30JIb-T€JIb TEXHOJOTHSX, B KOTOPBIX MCXOIHBIMH KOMITOHEHTAMHU
CIIy’KaT aJIKOTOJIATHI KPEMHHUS M pa3fnudHble noiauMepsl [12]. B ocHoBy mpouecca
MOJIOKEH THUJIPOJIM3 aJKOToJIATa KPEMHHUS, IIOCIE 4Yero MPOBOAAT PEaKIUIo
MTOJIMKOH/ICHCAIINH THUAPOKCHAOB KPEMHHS, B pe3yJbTaTe M3 HEOPTaHWIeCKOn
TpeXMEpHOI CceTKH obpasyercd Kepamuka. Huskue Ttemmeparypbl 301b-Tellb
peaKkuuu Mo3BOJISIOT BKJIIOYATH B MPOLIECC TOTOBBIE MOJIMMEPHI M TAKHMM 00pa3oM
[I0JTy4aTh KOMIIO3UIIMOHHBIE MaTepUalbl. J{Isl yoydlleHus: aare3uoOHHbIX CBOWCTB
KOMIO3UIIMOHHOTO MaTepralla MOHTMOPWJUIOHHAT TPEIBAPUTENBHO MOIM(UIIN-
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PYIOT OpPTaHWYECKHMH BEIECTBAMH, YTO CIIOCOOCTBYET IMOBBIIICHHIO CPOJICTBA
muHepana K monumepy [13]. Tak, mampumep, npu in situ aHAOHHOM IOJHMME-
puzauuu OytaaueHa [14], B 3aBUCHMOCTH OT criocoba 00paboTKU MUHEpaia, B €ro
MPUCYTCTBUM MO>KHO BapbHPOBaTh MOJIEKYJIAPHO-BECOBOE PpACHpElCICHUE B
monmOyTaineHe, OT Y3KOT0 J0 IMHPOKOTO.

CBoeobpaszHoe pacnonoxeHne B MM CHIIMKAaTHBIX CJIOEB JaeT BO3MOKHOCTh
Ul BHEIPEHHUs] MAaKpOMOJEKYJl B CBOOOJHOE IPOCTPaHCTBO MHHepada [15].
PeHTreHOCTpYKTYpHBIN aHanu3 KOMIO3UIUH MTOKa3all, 4To MOSIBIICHHE HOBBIX (a3
He HaOJIofaeTcs, CTPYKTypa ABYMEPHBIX CJIOEB IpU OOpa3oBaHUM COCAMHCHHN
BKJIIOUEHUM HE MEHSIETCS, a yBEJINYMBAETCA JIMIIb PACCTOSHUE MEXKAY CIOSIMH.
[Ipu nonumepuszauuu B npucyTcTBUM MM paccTosiHHE MEXIy CIIOSIMH HECKOJIBKO
YMEHBIIAETCS, B 3TOM cilydae oOpas3yeTcs CIOUCTBI KOMITO3HMLIMOHHBIA MaTe-
puan. Ilpu skcTpakuuu 00pa3oBaBILIETOCs MOJIUMEPA U3 COSANHEHUS BKIIOYCHHUS
B MM BoccTaHaBjIMBaeTCs UCXOHas TOJIIMHA ci1oeB (9,6 A). DTo cBHUmeTeNb-
CTBYET O TOM, YTO MOJUMEPHU3ALUA MPOTEKAET BHYTPH KaXJIOTO CJIOs, HE Hapy-
11ast IPY 3TOM PacIlONOKEHNS CHIIMKATHBIX CII0EB MOHTMOPWLIOHUTA. CTpyKTypa
CIIOEB TIOJIMMEPOB SBISiETCs 0ojiee PETYJSPHOH MO CPaBHEHHIO C CHHTE3HpYe-
MBIMHU TIpH KHAKO(]a3HOW NonuMepu3anuy. BHeapeHne MakpoOMOJIEKYNl B MEX-
CJIOEBOE TIPOCTPAHCTBO CHJIMKATHBIX cioeB MM Ha3bIBaeTCsl MHTEpKaSLMEH.
MOHTMOPUIJIOHUT HUCHONB3YETCSA A MOINY4YeHHS W MOJIMMEPHU3ALH CIOEBBIX
COEMHEHHUH B MPHUCYTCTBUM AaKPWJIOHUTPWIA U aKpHJIOBOM KHUCIOTHL. OmnucaHo
TaKKE€ IOJYyYEHHE CIIOMCTOTO HAHOKOMIIO3UTA IMOJIMMEpH3alMedl MeTHIMeETa-
KpujaTta B Macce B INPUCYTCTBHUM MOHTMopwIIoHuTa [16]. Takue noiauMepHsbie
KOMIIO3UIIMOHHBIE MaTepUaibl B 3aBUCUMOCTH OT MPHPOJAbI UCXOIHBIX KOMIIO-
HEHTOB C y4Y€TOM YCJOBHI M CrIoco0a CHHTe3a pasfelsioT Ha TPU OCHOBHBIX
tuna. IlepBeIM gBIAETCS TPaIUIIMOHHBIH MHUKPOKOMIIO3UT, B KOTOPOM YaCTHUIIBI
CJIONCTOTO HAIOJIHUTENSI COXPAHSIOT HCXOIHBIE pa3Mepbl (HECKOJIBKO MHKPO-
METpPOB), OH MOJyYaeTcs MPH YCIOBHM, YTO IOJUMEpP HE MPOHHKAET MEXIY
cinosmu cwiukara [17, 18]. Btopoit — 3To Marepuan ¢ MHTEpKaIMpPOBAHHOMN
CTPYKTYpOH, KOTOPBIH MOJIy4aroT B CIydac MPOHMKHOBEHHUS IOJIMMEpPA B MEX-
cioeBoe MpocTpaHcTBO [15]. B 3TOoM ciiyyae NpOHUCXOAUT YBEIHMUEHHE MEX-
CJIOEBOTO PACCTOSIHUA, OJHAKO MPHU ITOM COXpaHSETC yNOpPsIOUEHHas CIOUCTast
cTpykrypa. Tpetuil THI — 3KCQOIMUPOBaHHBIN (HearperupoBaHHbII) HAHOKOM-
MIO3UT, KOTJa NMPOUCXOAUT PACCIOEHHE CUIIMKAaTa Ha OTJENbHbIE CIOM M AMC-
[IeprupoBaHue UX B MONUMepHOH Matpuiie [19].

[ns molMMEpHBIX CHUCTEM XMMHYECKOE B3auMOJEWCTBUE Mexay MM u
MaKpOMOJIEKYJION MTPOUCXOANT MPH 3aMEILEHUH HOHOB METAJUIOB B MM Ha HOHBI
CIIMBAIONMMX areHToB. B pabore [20] B KadecTBe CIIMBAIOMIETO areHTa s
MIOJTyYEHHUS] WHTEPKAJTUPOBAHHBIX IONH(E-KAPOIAKTAaHOM) MOHMOPUIUIOHUTHBIX
HAaHOKOMITO3UTHBIX MaTepHalloB HCIOJIb30BaH JAUMETUI-2-3THIITEKCUH-OKTae-
LWIAMMOHHMH. V3BECTHBI HaHOKOMIIO3UIIMOHHBIE MaTepHallbl Ha OCHOBE IIOJIH-
stunentepedtaniata U SiO, (IIOTD/Si0,) [21, 22]. Merogamu 3aeKTPOHHON
MUKpockomnuu B npoxosaimeM nydke, JICK u TT'A u3ydensl cBoiicTBa MaTepuana
Ha ocHoBe [IDT®, nanomuenHoro 2-5 % nanouactuuamu SiO,. [Tokazano, 4To
9TH YaCTHIBI XOPOIIO TUCTIEPTHPYIOTCA B TONUMEpPE M BIMSAIOT HAa TeMIlepa-

196



ISSN 1813-1107 Ne 4 2019

TypHBIE XapaKTEPUCTUKU U CKOPOCTh KpUCTAJUIM3aMK MaTeprana. B pabore [23]
OopraHnyecky MoauuuupoBaHHbli MM nCoNb30Balu Il TOMYYEHUST HAHOKO-
M1o3uToB [19Td-rnuna.

WmeroTcst maHHBIE TTO0 cHCTEMaM Ha OCHOBE MOJHMATHJICHA M MOJIUIIPOIIIICHA
¢ MouT™MopwuioHutoM ([19/MM u TIII/MM). ABropamu [24] mMeTomamu pac-
CEesTHUSI PEHTT€HOBCKUX JIy4Yell B IIMPOKHX YTIax, dJEKTPOHHOH MUKPOCKOIHH B
npoxosmeM myuke u JJCK paccMoTpeHO BIHMSHHE COACpXKAHUSI U pa3Mepa dac-
iy MM Ha KpHCTaIIU3aIUIo MOIMMepa, U3yUeHO TaKKe BIHMSAHNE HAMOTHUTENS
HA OpUEHTALMIO MONMMATUIEHA B KommosuTax I19/Na MM [25]. O6HapyxkeHO,
9TO MaKpOMOJIEKYJbI 11D, rnokamm3oBaHHBIE B aMopHOH ¢aze KOMITO3HUTA
[15/Na MM, nydiiie OpUeHTHPYIOTCS BOb HATIPSKEHUS PACTSKEHHUS, YEM TaKHe
xKe MakpomoJekyisl "gucroro” I1D, m3rotoBieHHoro um aedhopMHpPyEeMOro mpu
TeX ke ycrnoBusax. MomudunupoBaHusii [13 ¢ nmpuBUTHIME TpymnmaMy Majeu-
HOBOTO aHTHAPHUAA MCTIONB3YIOT JJIsl yIIydIIeHHS COBMECTUMOCTH C OPTaHOMOHT-
MopwtorutoM (OMM). Iloka3zaHo, YTO TEeKydecTh M MEXaHHUYECKHEe CBOMCTBa
KOMITO3UTOB 3aBHUCST OT CTeneHn nucneprupyemocts OMM B HoJIMMEpHYO Mart-
puiy. Metogom in sifu TTOMMMEPU3ANMN ATHIEHA B MPUCYTCTBUU MeTajuIopra-
HHYECKOTO KaTaln3aTopa, HAHECEHHOTO Ha THOPUAHYIO OCHOBY, COCTOSIIYIO M3
MM u BHEIAPEHHOTO B CBOOOJHOE MPOCTPAHCTBO €0 CHIIMKATHBIX CIIOEB JTUOK-
CHU/Ia KPEMHHUS, TIOJy4eH KOMITO3UIIMOHHBIN MaTepHuall, CoJIepKaIIui ITOJMATHIICH
B KadecTBE Matpuilbl [26]. Marepuan o0namaeT XOPOUIUMH MEXaHUYECKUMHU
CBOHCTBaMH, UMeET MOP(OJIOTHIO TPaHyJl U BBICOKYIO IJIOTHOCTb. J{JIsl TPOMHBIX
CUCTEM, BKJIFOYAIOIIUX TOJHUITPONHJICH, IPUBUTHIH MaJlEMHOBBIM aHTHIPHUIOM U
MM (IIT/MIITI/MM) noka3aHo, 94To TeMIiepaTypa KPUCTAJUITM3AHN HUXKE, YEM Y
cmeceit [IIT/MM. MOHTMOPHIIOHUT UCTIONB3YETCS IS TOTyYeHHUST KOMITO3HIINH
C DJIEKTPOTPOBOAAIINMH rTomMepaMu. Metogom OIIP ycranoBieHo, 4Tto B3am-
MOJIEHCTBHE B KOMIIO3UIIMOHHOM MaTepHaie MPOUCXOANT B pPe3ybTaTe AeHCTBUS
KYJOHOBCKHX CHJI MEXIY IOJIOKUTENBHO 3apsDKEHHBIM ITOJIMMEPOM M OTPHIIA-
TEJIBHO 3apsLDKCHHOU MOBEPXHOCTHIO TNuHBL [27, 28]. Ilpu yBenudyeHuu conep-
skaHus ruHbl oT 0,2 10 1,0 % npoBOAMMOCTH KOMIIO3UTA Ha MOCTOSIHHOM TOKE
yBenuunBaercs ot 3,090-107 1o 1,370-10" Om/cm.

C nenpto MOMy4YEHHs] HAHOKOMIIO3UTOB C OPTaHOTJIMHAMHU HCHOJIb3YHOTCS
taroke nonuypetansl (I1Y); nmonumepuzanueit in situ yepe3 HaOyxaHHE OpraHo-
[JIMH B Pa3IMYHBIX THUOJIAX C MOCIEAYIONIMM JOOaBICHNEM ITUU3OIHOHATA TOITy-
YeH KOMIIO3HUT ¢ 00Jiee BBICOKOH TEPMHUUYECKON YCTOMYMBOCTHIO IO CPABHEHHIO C
HCXOIHBIM monuMepoM. B paborax [29, 30] moka3zaHo, 4TO MOIyYCHUE HAHOKOM-
[IO3UTOB Ha OCHOBE BojgopacTBopuMoro IIY u monukpeMHEBOM KHUCIOTHI IpOUC-
XOAMT 32 CYET BOJOPOAHBIX CBsI3eH, NMPH 3TOM O0OPa3yIOTCS TPOIYKTHI KpHC-
TaJJIM4eCKON CTpYKTypbl. [Ipn mpoTekaHuM XMMHYECKHX PEaKIHUid B XOJ€ CHH-
Te3a MOJMypeTaHa B MPUCYTCTBUHU YACTHII MOIU(MUITUPOBAHHON TIIMHBI YCTaHOB-
JIEHO, YTO B HAHOKOMIIO3WTE TMPOW3OIUIO PACCIOSHHE TUIACTHHOK TIMHBI [31].
Hayunslii ¥ NpUKIIAJHOW HHTEPEC MPEACTABIAIOT IMONUMEPHbIE KoMo3unuu I1Y
¢ 00paboTaHHOH METHUJICH-OMC-0-XJIOPaHWIMHOM PEaKIIMOHHOCIIOCOOHOH TIIHHOM
(PT"), xotopsie o TepmudeckuM cBoiicTBaM Ha 300 n 700 % mpeBBIIaOT TEPMO-
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ycroitunBocTh ucxomHoro I1Y [32]. Kak m B ciaydae ApyruxX MOIMMEPOB MpHU
N00aBNeHUN MOJTU(PHUIMPOBAHHOW TIIMHBI YIIYUIIAIOTCS TaKKe €ro MexaHudec-
KM€ XapaKTepUCTHKH, YBEIMUUBACTCS TEIJIOCTOMKOCTh U TOSIBISIETCS OTHECTOM-
KocTh [33].

Hapsiny ¢ moxmmepamu, copepkaniumu dpupHBIE, OKCHIHBIE TPYIIHI, OJa-
rogaps 4eMmy MPOUCXOJUT HHTEPKAIALHSA TOJMMEPHBIX CHCTEM B TIIHHHUCTHIE
MUHEpaJbl, B JIUTEpAType HUMEIOTCS JaHHBIE O MOJMMEPHU3ALMN aKpWIaMuia B
CIIIMKATHBIX closix MM [34]. MccnenoBaHue CTPYKTyphbl HOBOW KOMITO3WITUH
MOKa3aJi0, YTO MOJUAKPUIAMHUI HaXoAuTcs B ciosx MM pasmepamu ot 1,25 1o
2,09 HM. YcraHoBneHo, uto [TAA, MHTEpKaIMpOBAHHBIN MEXAY CUIMKATHBIMU
ciosiMd MM B TOHKMX OHOMOJIEKYJSPHBIX CIOSIX, KOMIUIEKCHO CBSI3aH C HUM
MOCPEACTBOM BaH-/I€P-BaaJlbCOBCKUX CHJI M BOJIOPOJHBIX cBs3ei. Ha BHemHeln
CTOpPOHE MHUHEpaja IOJIMMEpP HaXOIUTCS B «CBOOOJHOM» IIOJIOKEHHH, TaK Kak
[TOBEPXHOCTHBIM 3apsii MOHTMOPHJUIOHMTAa KOMIICHCHPOBAaH €ro KaTHOHAaMH.
NwmeroTcst Takke CBEICHHWS O TeleoOpa3HBIX MOTypa30aBIEHHBIX KOJUTOMIHBIX
mucniepcusix nonvaTHiaeHokeu (I190)-rnuua [35], mpu H3y4YeHHHM KOTOPBIX
YCTAHOBJICHO, YTO TUCKOOOpa3HbIe YaCTHULBI TIIHMHBI cabo ajcopOUpyIoT MOIH-
mep. OOHapyKEeHO, YTO NPH BCTPIAXUBAHUH 00pa3I0OB MPOUCXOANUT PE3KHUH Tmepe-
XOJl OT HHU3KOBS3KOM >KHAKOCTH K CaMOIOJEPKHUBAIOIIEMYCS] MYTHOMY Telo.
Takoe moBexeHHE KOJUIOMJHOH CHCTEMBI HaONIIOJaeTCs B y3KOM HHTEpBalie
COCTaBOB KOMITIO3MLMIA, IpoLIecC 00paTuM M OINpeaesnsieTcs TeMIepaTypoil.

Monukanuio TIMHBI TPOBOMAT JUIS YJIYYIICHWS ITUCHEPTHPOBAHHUS U
CMEIINBAEMOCTHU € MOJUMEPHON MaTpHILIEH, CHIXKEHUS MOJIIPHOCTH TJIMHBI U YBE-
JIMYEHUS CPOJICTBA K OPraHUYECKUM COeIUHEHNAM. [IoMHMO NpUBEEHHBIX BBIIIE
MIPAIMEPOB 3TOM IENM TOCTUTAIOT TaKKe MyTEM 3aMEIIeHHs HEeOPTaHWIEeCKHIX
KaTHOHOB OPTaHWYECKHUMH, HalpUMep aMMOHHEBOW COJIbIO, cofeprkaliei 4-are-
tunoudenun [36], 3-aMuHONpONHI-3-MET- WIM 3TOKCUCHIIAH W APYTHE COCIH-
menus [37]. Ilocme momoOHONM 00paOOTKM TJIMHA JIETKO pacclianBaeTcs Ha
OTJIENIbHBIE TUTACTUHBI B PE3yJIbTaTe BOZHUKHOBEHHSI CABUTOBBIX HAIPSDKEHUI BO
BpeMs CMelleHus B pacniase [38] win npu NpOTEKaHUM XMMHUYECKUX peaKklui
MOJIMMEPHU3ALIMY UCXOAHBIX MOHOMEPOB [19].

[IpencraBnger wHTEpeC CO3AaHWE TOJMMEPHBIX MAaTEpPHAJIOB C JAOOaBKaMHU
MM npoMmbIIIeHHOTO Tipou3BoAcTBa. OnmyONMKOBaHEI JaHHBIE O THIIEPPa3BET-
BIICHHBIX METAJNIOPIraHUYECKUX IOJIMMEPAX M MX HCHOIb30BAaHMHM B KadyecTBE
CBIPBS JJISl U3TOTOBJICHUSI KEPAMHUYECKHX MaTepHasioB. Takwe monmuMepsl CHHTE-
3UPYIOT MOHHOW MOJHMMEpH3aliell KOMIUIeKca AUMETHI(eppoieHa ¢ KpeMHHIA-
colepKalluM OpraHndeckuM coeauHenuem [39]. Kepamuueckuii matepuan nomy-
yatoT nupoauzoM npu 700—1200°C runep-pa3BeTBICHHBIX METAINIOPraHUUYECKUX
noJuMEpoB B arMocepe WHEpTHOro rasza. Kepamudeckuiéi marepuan UMeeT
CTPYKTYPY TPEXMEPHOM ME30IOPUCTOM CETKH THIa HAHOKJIACTEPOB.

W3 npuBeneHHBIX NaHHBIX BHUIHO, YTO HOBBIM THUI KOMIIO3UTHBIX Mare-
pHaJIOB, OCHOBAaHHBIA Ha TOJHMMEpaXx, HAITOJHEHHBIX HAaHOMEPHBIMU YaCTHUIAMH
CIIOMCTBIX CHJIMKATOB, BBI3bIBAET OOJBIION HAayYHBIM M MPaKTHYECKUH HHTEpEC.
3710 00YCIOBIEHO PSIOM CYIIECTBEHHBIX NPEHMYILIECTB TAKUX MAaTEpUalIOB, B

198



ISSN 1813-1107 Ne 4 2019

YaCTHOCTH NPU BBEJCHHM B MOJUMEPHYIO MATPHILy CIOHCTHIX CHJIMKATOB IPO-
HCXOAUT YBEIMUEHHE MOIYJIS YIPYTOCTH, IPOYHOCTH, OBBIIIEHUE TEPMUYIECKON
CTaOMIBHOCTH M yCTOHYMBOCTH K TOPEHHIO, YIIYYIIEHHE AJIEKTPOCTATHIECKUX
CBOMCTB, CHIDKCHHE Ta30IIPOHUIIAEMOCTH MaTepurana [40].

B nureparype mmeroTcst cBeeHHs 10 MOJYYEHHIO KOMIIO3UTOB Ha OCHOBE
apOMaTHYECKUX TIOMMHMHIIOB C J00aBKaMH MOHTMOpHIDIOHUTa. Kommosn-
LMOHHBIM Marepwan ObUI MOJydyeH Ha OCHOBE MOJUIHPOMEIUTMTHMHUAA MOJIH-
(UIMPOBAHHOTO aMMOHHMIHOW COJIbI0O MOHTMOPHIUTOHHTA 10 2 % [41]. B pabore
[42] ucnonb3yroT yacTuibl Na'-MOHTMOPUIIOHKTA (HeIKC(hOIMUPOBAHHBINA Ha-
TIOJTHUTEN) JJIsl aKTHBAIMH TPOIecca MMHUIU3AINHN TOTHaMUIOKHUCIOTH apo-
MaTHYeCKOTO CTpoeHus. M3BecTHbI KOMITO3UIIMOHHBIE MaTepHajbl Ha OCHOBE
NOJIMMMUIA U3 AUAHTUIPHUAA 3,3‘,4,4'—OKCI/LI[I/I(1)TaJ'IaTa u 1,3-6uc-(4-amunode-
HOKCH)-2-TIpoTiaHoja ¢ kpemHe3deMoM [43]. B pesyibrare ncciemoBaHus CBOWCTB
TaKMX MaTepHajoB MOKa3aHO, YTO B TIOJYYEHHBIX KOMIIO3UTaX KOBAJIEHTHO-
CBS3aHHBIM KpeMHe3eM pactpezeisiercs B [IM 1o akTMBHBIM aMUHOTPYIIIIAM.

Takum 00pa3om, Kak MOKazaj aHAIW3 IyOJIMKalui Mo pa3paboTKe MOIH-
MEpHBIX KOMIIO3UIIMOHHBIX MaTepHalIOB C HCIIOJIb30BAHUEM MOHTMOPHJUIOHHTA,
UMEIOT HeTPEKJIOHHBIH MHTEpEeC, KaK B HAYYHOM, TaK U B IPUKIATHOM 3HAYEHUU.
AKTyaJIbHOCTb HCCJIEJOBAaHUH B 3TOM HAIPAaBJICHUH HE BBI3BIBAET COMHEHMH,
BCJIE/ICTBUE JTUX MPUYUH aBTOpaMU OBbUI MONYYEH DSl HOBBIX KOMITO3WIIUN Ha
OCHOBE TOJINUMHUOB AIUIUKINYECKOTO CTPOSHHUSI ¢ MOHTMOPH/JIOHUTOM H €ro
AKTUBHPOBAaHHBIMH (YOpPMaMH.
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Pe3iome
M. b. Ouip3axosa, B. /I. Kpasyosa, P. b. Capuesa, P. M. blckakos

I[MOJIMMEPJIIK KOMITO3UILIVAJIAP, TYPJIEHIPIJII'EH
MOHTMOPMJUIOHUTIIEH

YChIHBUIFAH MIOJyAa oaeOM JepeKTep KepceTuTml Kazipri Kah-KyHiH Taimay
0OiibIHIIIA 3epPTTey TOJIMMEPIIIK KOMIIO3UIUSIIBIK MaTepruaiapasl TYpICHAIpUIreH TaOuFu
MHHEPaJIIbl MOHTMOPUJUIOHUTIIEH €TETIH apTThIPY TEPMHSJIBIK, OCPIKTIK, COHIalaK *Kak-
capTy JJIEKTPOCTATHKAJIBIK KAaCHETTEpiH a3aiiTy, ra3 oTKi30eyiH MaTepHanipl TyTacTau
aFaH/a.

Tyiiin ce3nep: nonmumepItik Kocnaiap, MOHTMOPHJUIOHUT, TIOJIUMEPIIEY, TYPICHIIPY.

Summary
M. B. Umerzakova, V. D. Kravtsova, R. B. Sarieva, R. M. Iskakov
POLYMER COMPOSITIONS MODIFIED WITH MONTMORILLONITE
The review of the literature data shows the analysis of the current state of the study
of polymer composite materials modified by the natural mineral montmorillonite,
contributing to the increase of thermal, strength, and electrostatic properties, reducing the
gas permeability of the material as a whole.

Key words: polymer compositions, montmorillonite, polymerization, modification.
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XUMWYECKHH )KYPHAJI KA3AXCTAHA

TpeGoBanus 1Jis1 opopMiIeHUsI cTaTell B dKypHAaJie
«XAMUWYECKHA ’KYPHAJ KABAXCTAHA»

HayuHsplif >KypHalm OTKpBITOTO JocTyma «XuMudeckuil sxypHan Kaszaxcranay»
uznaercs opaeHa Tpynosoro Kpacnoro 3Hamenn MHCTUTYTOM XMMHUYECKUX HayK UMEHU
A.B. BexTypoBa ¢ mepuoandHOCThIO 4 HOMEpa B TO/I.

Hens XypHana — ocBelieHHe HOBBIX HAay4YHBIX PE3YJIBTATOB M MICH, IPOOIEMHBIX
BOIIPOCOB HAayKH M TEXHUKH, MOCIEAHUX pa3pabOTOK W HCCIEIOBAaHUN MO aKTyallbHBIM
npobiemaM (QyHIaMEHTaNbHBIX M TPHUKIAJHBIX HCCIEJOBaHWH B 00JACTH HEOpraHU-
YECKOM U OpPraHUYEeCKOW XMMHHU, XUMHHM U TEXHOJIOTHM MOHOMEPOB M BBICOKOMOJEKY-
JISIPHBIX COEIMHEHWH, MOHHOIO OOMeHa, He(pTeXMMUH W He(PTEXHMMHUYECKOTO CHHTE3a,
XVMHUH JIEKaPCTBEHHBIX BEUIECTB M (DPU3MOIOTMYECKH aKTHBHBIX COCIMHEHHH, XHMH-
YEeCKOW HKOJIOTHH, XUMHH YAOOPEHHUN U colel, PU3MIeCKON XUMHHN IS ITUPOKOTO KpyTra
cnermanuctoB. B JKypHane myOmukyroTcs HaydHBIE CTaThH M 0030pBI YUEHBIX, JTOKTO-
PaHTOB, MarkCTPAHTOB, MPOU3BOJCTBEHHUKOB, HUMEIOIINE TEOPETHUECKOE U MMPAKTHUECKOE
3HaYCHUE.

CraTbH, TpeacTaBieHHbIe B peakiuio JKypHaia, TOMKHBI yIOBIETBOPSTh CIEIyIO-
UM TPEOOBaHUSAM:

O0mme TpedGoBanmus. PerakiiMoHHAs KOJUIETHsl MPUHUMAET CTAThbH, HaOpaHHBIC B
TEeKCTOBOM penaktope MS Word B 271€KTpOHHOM BHE, a TaK)Ke Ha OyMa)KHOM HOCHTEIIE,
MIPUYEM, OCIIEIHSS CTPAHHILIA MTO/ITUCHIBAETCS BCEMH aBTOPaMH C MIPOCTAaBJICHUEM JIaThl.

Pucynku npepacraBisirores ¢ paspemreHuem mMuauMym 300 dpi, B dpopmare *.bmp,
tiff. Cxemsl, rpauKy BBHITTOMHSIOTCS. BO BCTpoeHHOH nporpamme MS Word i B MS
Excel.

SI3bIk craTtbu. CTaTbu MMPUHUMAIOTCA Ha Ka3aXCKOM, PYCCKOM HJIHU AHTJTMHCKOM
A3bIKaX, OAHAKO, B HEIAX MNOIIyJSApU3allun )KypHa.na, peZ[aKHPIOHHOfI KOJUIETHEH npu-
BETCTBYCTCA IIPUEM cTaTeii Ha aHTTIMMCKOM SI3BIKE.

IMapametpsol cTpanunbl. Popmat crpanuip: A4 (210x297 Mm).

ITonst: BepxHee — 2 cM, HIKHEE — 2 ¢cM, JieBoe — 3 cM, mpaBoe — 1,5 cM. PaccTanoBka
TIepEeHOCOB He AomyckaeTcs. @03arubiil otctyn — 1,0 M.

YJK. B Hauane cTaTby, B BEPXHEM JIEBOM YLy, YKa3bIBa€TCd HOMEp MO YHH-
BepcanbHON Aecsatuanor knaccudukanuu (YK), cooTBEeTCTBYIOMNI 3asBICHHON TeMe.
Hamnee, mocie OoTCTyma CTPOKH, YKa3bIBAIOTCS HHHUIMANBI W (aMWIIMK aBTOpa(-OB), emie
Yyepe3 CTPOKY CIEAYIOT Ha3BaHWS OpraHW3alHv(-i), B KOTOPOH(-bIX) pabOTarOT aBTOPHI,
Ha3BaHWE ropoja M crpaHbl. Eile HMKe, yepe3 CTPOKY yKa3bIBaeTCsl Ha3BaHHWE CTAThU
nponucHeIMU OykBamu. Lpudt - momyXupHBI.

Annoranus. [Ipenocrasnsercs Ha s3p1ke cTaThu (00beM He MeHee 150 cioB).

KaroueBbie cioBa. CnoBa m cinoBocoderanust (6-8), oOecneunBaromme Hanbosee
TIOJTHOE PACKPBITHE COJEPKaHMUS CTaThbH, MPEACTABIISIIOTCS HA SI3BIKE CTaThH.

I'apuutypa. Tekct crateu Habupaercst B rapautype Times New Roman, pasmep
Kerys 14 1T, MeXXCTPOYHBIA HHTEPBAJ - OJMHAPHBIH, (POPMAaTHPOBAHHUE - TTO NIMPHHE.

Crpykrypa m 00béM craTbu. CTpyKTYpHpPOBAaHUE CTaTbH MPOU3BOIUTCA B
COOTBETCTBHH C OOIIETIPUHATHIMU CTaHAapTamy: "'"Beegenne" (10KHO BKIIOUaTh B ceOs
MOSICHEHHUE, B CBSI3M C YEM IPOBE/ICHO JAAHHOE HCCIIA0BaHUE, 0030p aKTyalbHOM JIHTe-
paTypsl, 00OCHOBaHHME BHIOOpa METOJOJIOTHH HCCIENOBaHMM), ''JKCIMepUMEHTAIbHAS
yacTth' (ommcaHWE TPOBOAWMBIX HccienoBaHuii), "Pe3yjabTaThl M HX o0cyxneHue'
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(ToTy4eHHbBIE B XOJIC MCCIICOBAaHUS Pe3ybTaThl), "BeIBOABI" (KacaTelbHO MONTYYCHHBIX
pe3yJIbTaToOB, B TOM YHCIIE COOTBETCTBYIOT JIM OHU OXKHJIQHUSM Wi HeT). O0beM CTaThy,
BKITFOYAs] aHHOTAIIMIO M CIMCOK JMTepaTyphl: oT 6 mo 10 ctpanum. OO030pHBIC CTaThU
MOryT OBITH 10 20 cTpaHHII.

CchUIKN HA MCHOJIb30BaHHBbIEe MCTOYHMKH. CCHUIKM Ha HCIOJIb30BaHHBIE MCTOY-
HUKH TPUBOAATCS IIOCHIE IUTATHl B KBaJPATHBIX CKOOKax, C yKa3aHHEM IOpPSIKOBOTO
HOMEpa MCTOYHMKa nuTHpoBaHus, B coorBerctBuu ¢ I'OCT 7.1-2003 «bubnuorpadu-
yeckas 3amuck. bubnmorpaduueckoe ommcanne. OOmue TpeOOBaHMS W MPaBUiIa COCTaB-
JCHUS».

Cnucox aurepatypsl. Pacmonaraercst mocne Tekcra crtarthi. Hymepamus Hauu-
HaeTca ¢ mepBoro Homepa, mpenBapsiercsi ciioBoM «JIMTEPATYPA» u odopmisercs B
TOpSIZIKE YIIOMHHAHHS WM [IUTHPOBAHUSA B TEKCTE CTAThU. PEeKOMEHAyeMoe KOJIMYECTBO
cchUToK — He MeHee 20, B ToM uucie He MeHee 50% — CChITKM Ha MEXIYHAPOIHBIE UCTOY-
HUKH (KypHAJbl, BXOZSIINE B MexayHapoaHble 0a3bl ganHbix Clarivate Analytics, Sco-
pus, Springer Nature). Jlaiee B TOM k€ IOPSIKE IPUBOAMUTCSA TPAHCIUTEPALUs CIIHCKA.
[Ton ogHUM HOMEPOM yKa3bIBa€TCS TOJBKO OAWH UCTOYHUK. CIIMCOK JIMTEPATYPHI TOJDKEH
OBITB TIpeJICTaBIICH HanboJIee CBEXKUMH U aKTyalbHBIMH HCTOUHHKAMH.

Pe3tome. [locne crimcka nuTepaTypbl TOJDKHBI OBITH ITpeAcTaBiieHsl pestome. K mpu-
Mepy, €CITM CTaThsl HallMCaHa Ha Ka3aXxCKOM S3bIKE, TO Ha PYCCKOM M aHTJIMHCKOM SI3bIKaX
narorcsi pestome, cocrosine n3 GO aBTopa (-0B), HazBaHus, Tekcra ( He MeHee 150
CJIOB), KITIOUEBBIX CJIOB, OpPraHU3alNH, TJIe BEITOJIHATIACH padoTa.

ConpoBoanTeTbHbIE JOKYMEHTBI, MpUjaraeMsle Kk cratbe. K cratbe npuiara-
IOTCSI COTIPOBOANTEIBHBIC JIOKYMEHTHI (Ha Ka3aXCKOM MIIH PYCCKOM SI3BIKE):

1. Ilncemo-HanpaBieHne B pelakMOHHY0 Kojulernio JKypHana oT opraHu3aiiiy, B
KOTOPOM TaHHOE MCCIIE0BAHNE BHITTOIHEHO.

2. AKT 3KCTIEPTH3HI.

3. Cenenus 00 aBTopax: QaMuims, IMS M OTYECTBO KaXKIOTO aBTOpa ¢ YKa3aHHUEM
YUEHOH CTENEeHHW W YUYSHOTO 3BaHMs, CIy)KeOHble W JOMallHWe HoMmepa Tele(oHOB,
JOMAaIllHAE ajJpeca C YKa3aHHEM IIOYTOBOTO HHIEKCA, aJpec DIICKTPOHHOH IMOYTHI
(B 2-X sK3eMILIsIpax).

4. Penensus.

5. Hayunble yupexaeHHs, BbICIINE y4eOHBIE 3aBEJICHHUS, MPOMBILIUICHHBIC Tpe.-
MPUATHS M KX aBTOp HayYHOM CTaThd, UMEIOIIMH YYEHYIO CTENeHb JOKTOpa HIIH
KaH/AWAaTa HayK, MPEACTaBISIOT KCEPOKOIMIO MM CKAaH-BEPCHIO KBUTAHIWHU O TOAOBOM
noanucke Ha «XuMmuueckui xypHan Kazaxcrana». (IloxnucHo# nanexc B karamore AO
«Kazlloura» mmu B nomoimHeHNN K HeMy — 75 241). be3 aToro gokymeHTa CTaTei HE IPH-
HUMAIOTCH.

Martepuansl, He COOTBETCTBYIOIIME YKa3aHHBIM TpeOOBAaHUSAM, BO3BPAILAIOTCS Ha
IopaboTKy.

Pemenue o myOnuKaIyy CTaThby IPUHEMACT PeAaKIMOHHas Koyuterus JKypHana.

DNeKTpOHHAs BEpCHsl MPEACTABISIETCS HA DJIEKTPOHHOM HOCHUTENE JIMOO OTHpaB-
JISIeTCs 10 ANIEKTPOHHO# moyre: (ics_rk@mail.ru, lena.yanevskaya47@mail.ru).

JlaToif MpUHATHA K Te4YaTH CYHUTAETCA JaTa MOCTYIUICHHWS BEPCHUH, YJOBJIETBO-
psitoieit Bcem TpeboBanusM JKypHana. OuepesHOCTh MyONMKAIMK YCTaHABIMBACTCS 110
Jiate MPHUHSATHS CTAaThbU K MEYaTH.

Peoaxyuonnan konnezus Kypnana
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