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AereH cafbiHbilWbl bip Genek.

Con cebenTeH XUMUs Fbi-
NbIMOEPLIHBIH LOKTOPL, akane-
muk Epin Eproxaynel e3iHiH
TYF2H XXEepre [AereH KypmertiH,
Ce3iMiH, CafbiHEIWBIH Dinaipe
OTBIPLIN, XaHa OKY XbUIbIHbIH,
GactanywiHa opaw, Eckengi
aynaHbiHnaFs! TUTOB aTbIHOAFLI
opra MmekTebiHe 83 kiTanTapbiH
MEKTEen ycrasaapbiHa XaHe
oKylibinapra TapTty erTi. Byn
TapTy MEeKTen YXbIMbIHA YMbl-
ThiNMaCc acep kKanabipabl.

«AnamHeiH ici kaHaan 6onca,
©83i ge coHpaii» aereqH ekeH
Hemic punocodbl Merens. Anam-

KOLL KENDIHI3gE

Tyran xep! Ocobl ce3ai ecTireHae Kynakka XarbiMabl,
h:_'ypexlte Keinel Tuin, GoneiHabl Gip TeTTi cesim Gunenai.
«TyFaH xepaen xep Gonmac
Aemekui, Kan xepae XypMeciH ap afamHbIH TyFaH Xxepre

TYyFaH enpen en Gonmacr

'3 %t TYFAH )KEPTE
_ "  TAI3bIM

7 -7 3

HbIH, €H achin KacvertTepi KaluaH-
A3 KyHOeil XapKbipbin kepiHin
Typaael. :

Xankpimets Enin EproxaynbiH
fhiNbIM XONblHOAFE TaGaHObl
isneHicrepmeH abbipoii BMiriHe
KeTepinreH KOPHeKTI FansIM, aka-
AemMUK, ynaFaTTel ycras, benrini
MEMNEKET XaHe KOFaM Kanpar-
Kepi TypruicuiHAa Bineai xeHe ne

I

KypMeTTenai.

OTaHablK XWMUS FbIbIMBI
CanachiHbiH_KapKbiHabl AamybiHa
KON awwkaH 6inikTi mamaH petinae
CiHiprex exeri, exi xy3aeHaca
ABTOPNLIK, KySNiKNeH noTeHTTepi

Ka3sakCcTaHHelH Keneweri yuwid
aca MaHbI3abl.

Omipaeri MakcaT-MypaTbiHa
ajampoap na ak anan maHnan
TepiMeH aTtkapenfFaH Urinikri
icTepi apkeUsl faHa XeTin oTkIp-
raH. CorFaH opaii abbipoii oa, atax
Ta GacrapeiHa 6aKeIT KyCeIHAAN
KOHBIN TypFaH. YHWBEPCHMTETTIH
BipiHLLI NPOPEKTOPBIHBLIM, KYMCaK,
KPECNOoCkiHa OTHIPFaHHaH Gepi
Enin EpFoxuHHIH, eciHe ycTaabi-
HblH, «CeHiH, anTbiH TaFbiH - FEUTbIM,
YLATBIH KaHaTbiH - GiniM» neiTiH
gnaranu €6e3i Xui eciHe TyCeTiH

onateiH. TaniMrep ycrassl Ky-
nafbiHa KOpFacbiHOan KyiraH-ax
eKkeH. OMipnik ackin apmaHbiHa
alHaNFaH FeubiM XONbIHaH 6ip caTt
Teaxslpaca anap emec. 93 xy-
MBICEIH Bifle OTLIPEIN, XyMBICKA
AEreH KylWwTapnoiFel aca 3op
KyiiHoe apan enbek etyne. Aka-
nemuk Enin Eproxaynel urepreq
icTepi MeH Kon XeTkisreH Tabbic-
TapblHbIH Kene-kepHey Gafackl
TemeHnen, GarbiHbIH XaH6aybiHa
HamblcTaHGal Typa anmapnsbl.
Konaa 6appa antbiHHbIH, KanipiH
BINMECTIKTIH apThi BKiHiLL eKeHiH
eckepmey ecTinik emec eni. On
OTaHALIK FanbiMaap TafFablpbiHa
HEMKYpainel Kapaih anmagbi.
YkiMeT anobiHa FollbiMabl ThIFL-
PLIKTaH anbif WhFYAbIH, FbibiMA
X00anapbiH YCbiHbIM, OHbIH Ka-
XeTTinirin 6arein nanenaeymen
Gonabi.

«TyFaH Xepre TybIH Tik» ae-
Mexuii, ap nepsexT e3 eHbexTe-
PiH, i3ri icTepiH TyFaH xepoeH
Gactaysl kepek. CoraH pganen
XUMWA FbNbIMAAPLIHBIH, JOKTOPGI,
npo¢ecc%p. KP fA-HuIH akage-
muri, KaaCCP reineimeiHa enberi
CiHreH kaipartkep Enin Eproxa-
Y/bIHEIH, ECIMIH Kenep ypnakka
MaKTaHbiLUNeH ainTa anamb3.

Onua CYJITAHOBA,
TuToB aThIiHAaFLl OpTa
MEeKTen Kasak Tini MmeH

apebueT naHiHii MyrFanimi.
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TRACK MEMBRANES: METHODS OF PREPARATION
AND AREA OF THEIR APPLICATION

Abstract. The article summarizes the results of theoretical and experimental
research in the field of synthesis and application of track membranes, as the main
component of modern waste-free environmentally friendly technologies. The features of
formation of track membranes from various types synthesized by polymerization or poly-
condensation of various monomers and chemical modification of the finished mem-
branes are discussed. The results of studies on increasing their selective permeability,
physico-mechanical and electrochemical properties are presented.

Perspective directions of their practical application for solving urgent problems of
water treatment, processing of industrial effluent by extraction valuable components,
separation of gas and liquid mixtures at high pressures and intensive regimes of mass
transfer are determined.

Keywords: tracks, track membranes, accelerated ions, nuclear filters, pore diameter.

Track (nuclear) membranes are made of polymer films with a thickness of
12-23 microns by bombarding them with high-energy krypton ions piercing
through the film. In the places of passage of individual ions, channels of destruc-
ted material (tracks) are formed, differing in their physico-chemical properties
from the material intact by ions. The selective dissolution of the ion-destructed
material transforms the original film into a microfiltration membrane with
through-pores of cylindrical shape, that is, when the ion-treated material is subse-
quently etched in to alkali solution, and strictly identical through-holes are formed
in place of the tracks.

The diameter of these pores can be varied in the range from 0.05 to Sum,
depending on the etching conditions (figures 1, 2). For the mass production of
track membranes (TM), used the U-400 ion accelerator of the Nuclear Reaction
Laboratory of the Joint Institute for Nuclear Research (JINR, Dubna, Russia),
producing up to 10'? ions per second, which made it possible to produce TM with
a pore density in the range 1-10°-3-10° pores/cm? Their porosity is about 10-
15%. The main property of TM, distinguishing from other types, is high selec-
tivity (all single pores have the same diameter with deviations of not more than
5%). Therefore, depending on the functional purpose (filtration of mechanical
impurities, bacterial or virus suspensions, etc.), a corresponding TM rating,
optimal for a specific microfiltration process can be selected.

The porous of TM system formed as a result of irradiation of thin polymer
films by a beam of high-energy heavy ions with subsequent etching of ion tracks
to the formation of uniform through holes (figure 3). Small pore sizes (from 10 nm
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Figure 1 — Scheme of obtaining TM Figure 2 — Latex (control balls) on TM

Figure 3 — Microphotographs (SEM TESLA BS-340) of metal structures based on TM

to several microns), their calibration, the possibility of modifying the geometry of
pores and their intersections make TM a unique material used both in the
separation of liquid and gaseous media, and for many other tasks.

For example, on the basis of TM as templates, secondary metal structures
are grown that are promising for use in optics and as auto-emission (cold)
cathodes [1].

The specific productivity of TM is better, the higher the density of pores.
However, an increase in the density of the pores leads to a decrease in strength.
During the filtration process, the membrane may break down. Therefore,
mechanical properties are an important performance characteristic of TM. The
dependence of their strength on the strength of the matrix material, on porosity,
and on the concentration of stress on the pores considered in [2-4]. It was also
found that the strength characteristics of TM in some cases depend on the
interaction of the elastic fields near the pores (it is known that if the distance
between the pores is less than 5 diameters, then the elastic stresses around these
pores interact [5]).
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The pore geometry in the standard TM is an ensemble of cylindrical holes of
the same size. TM have found wide application in scientific research and in
various manufacturing processes associated with the purification and separation
of liquid and gas media [6]. There are also works devoted to their use as templates
for the formation of tip nanostructures. In particular, the possibility of fabricating
a metallized structure with a developed TM-based surface by electrolytic
deposition has been shown [7]. The formation of needle microcrystals in pores of
TM from polyethylene terephthalate was studied [8] upon filtration of a
supersaturated aqueous solution of HIO;. It was found that the transverse dimen-
sions and directions of the predominant growth of the formed faceted micro-
crystals correspond to the configuration of the pores of the TM.

A technology has been developed for cleaning oil-containing toxic liquid
waste from maps of land fills of their disposal [9]. A compact unit including four
modules: separation the oil fraction by thin-bed sedimentation with preliminary
aeration, flotating purification of water using coagulation, membrane filtration by
TM, and oxidation [10].

TM (nuclear filters) widely used for analytical purposes (including for testing
the bacterial contamination of water [11, 12], for the separation of blood
components [13, 14], in the purification of drinking water [15], in recent years
have been used in the purification of natural water — rivers, canals, lakes, ground
and rain water, sea water [16-19]. Besides it, there were some reports on the use
of TM for wastewater treatment [20-23].

As shown in [17, 18], for purification of water with high turbidity and chro-
maticity using the membrane (including TM), the efficiencyis significantly
increased when combining the processes of coagulation and microfiltration.

Membrane filtration is one of the most widespread laboratory and industrial
processes for cleaning liquids from colloidal contaminants [24]. The process of
cleaning technological media, based on membrane processes, is intensively
developing, the processes of such filtration and the devices created in this process
are being improved. One such method is pressure filtration, which allows for
higher performance. TM are characterized by high productivity, selectivity of
media separation (pore size dispersion is not more than £2%), the possibility of
regeneration and a number of other advantages. At present, membrane filtration
processes using TM are involved in many technological schemes, and the scope
of their application is expanding.

The term dynamic polarization of nuclei is understood as the process of
achieving a high degree of polarization of electron spins in matter under the ac-
tion of high-frequency magnetic fields, and the transfer of this polarization to a
nuclear spin system [25]. Obtaining objects (targets) with high nuclear polari-
zation is of great interest for elementary particle physics, since it is an instrument
for studying spin interactions in experiments on scattering of particles by
extracted beams of accelerators. The polarized target used in these experiments,
the main part of which is the working substance, is a technically complex
device.It combines several main parts necessary for the realization in the process
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of the dynamic polarization of nuclei, such as a magnet with a strong permanent
magnetic field (2.5-5.0 T), cryogenic systems providing ultra-low temperatures
(T <0.5K), a source ultrahigh frequency. The main requirements for the working
substances of the target are: a high content of polarizable nuclei in the material. In
experiments with a polarized target, an important problem is also the effective
cooling of the working substance. In order to avoid heating of the substance,
especially from the heat release of the superhigh frequency and the consequent
reduction in the degree of polarization of the nuclei, it is preferable to have a
developed surface in the working substance. For this purpose, for example, wor-
king substances, which are liquids, are used as frozen droplets in liquid nitrogen
with a diameter of several millimeters.

In recent years, polymers have become increasingly used as the material of
the working substance in the creation of targets with polarized hydrogen nuclei
(protons or deuterons) [26]. These materials are solids, which greatly simplifies
their use as targets and opens up new experimental possibilities. Polymers with
the general formula (-CH,—), and (—-CD,-), are especially interesting because of
the maximum content of hydrogen atoms among solid organic substances. For
some experiments in nuclear physics, a thin (film) target is especially needed
based on these materials.

To impart paramagnetic properties to polymers, compounds exhibiting
magnetic properties are introduced into their composition. As a substance with
magnetic properties, a highly stable, volatile nitroxide radical 2,2,6,6-tetramethyl-
piperidine-1-oxyl (TEMPO) with the general formula CoH;sNO. is often used.
Radical pairs have the ability to diffuse into amorphous parts of polymers, which
leads to the formation of a paramagnetic system necessary for the creation of
polarization of nuclei in matter by dynamic methods.

As a working substance of the polarized target, it is proposed to use a new
material — polypropylene TM, obtained by irradiating polypropylene films with a
beam of high-energy heavy ions followed by chemical etching of latent tracks of
these particles [25]. To impart the paramagnetic properties necessary for the
dynamic polarization of nuclei to membranes, a nitroxide radical TEMPO was
introduced into the samples by thermal diffusion. Using the EPR method, infor-
mation was obtained on the paramagnetic centers in the polymer matrix of mem-
branes, the concentration of the nitroxide radical and the rotational mobility of the
spin probe in them was determined.

In most cases, the process of surface hydrophilizationis used to impart a
greater polarity to polymer materials. This means a steady significant increase in
polarity, which is achieved by radical interference in the nature of the surface
layer of the polymer. The chemical composition of surface macromolecules varies
significantly. In [27] various methods of hydrophilization of polymeric materials
based on physical and chemical influences are considered. The most frequently
using methods include the treatment of polymers by herbal solutions or reagent
pairs, thermal treatment (in particular, laser chemical) treatment, as well as in
plasma or flame.One of the simplest and most frequently used methods of surface
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hydrophilization is etching with chemical reagents, which leads to the formation
of a thin surface modified layer with a large number of functional groups [27].
During the hydrophilization process, a suitable etching solution and optimal et-
ching conditions selected for each polymer. In the case of polypropylene, for
example, various solutions of mixtures of chromic and sulfuric acids, as well as
concentrated nitric acid or used solutions containing persulfates. The processing
of polymeric materials by elevating temperatures used both for hydrophilizing the
surface of products and for modifying their volume. When the hydrophilizing
surface of polymers exposure to high temperature, other factors also simulta-
neously used: chemically active solutions, various particles, irradiation.

One of the methods for modifying the surface of polymer materials is the
method of radiation graft polymerization, which is based on the generation of
active radical and ionic sites under the action of ionizing radiation followed by the
grafting variety of polymers from the gas phase or from solutions of monomers.
Radiation graft polymerization is mainly carried out by two methods. One of them
is the irradiation of polymers in the presence of a monomer which is the method
of direct grafting. In another method, the polymer is grafted by contacting the
previously irradiated polymer with the monomer. The most common way to
produce polymers with a modified surface is radiation graft polymerization by the
method of preconditioning using low-energy electron accelerators. This method
used to modify a wide range of industrial polymers: polyolefins, fluorine-contai-
ning polymers, polyamides, etc. Disadvantage of radiation graft polymerization is
the need to use expensive sources of ionizing radiation.

From the physical methods of action for hydrophilizing the surface of poly-
mers, the most widely used method is plasma processing, the advantage of which
is the change in the thin surface layer of the material due to the small depth of
penetration of active plasma particles into its volume. The bulk of the polymer
does not change, which is extremely important from the point of view of preser-
ving the mechanical and physico-chemical properties of the materials being
modified. In this connection, in a number of works published recently, a study of
the effect of plasma on polymer membranes [28-30], including track [31-33], has
been carried out to modify the properties. The results of the research show that the
effect of low-temperature plasma of both unpolymerized and polymerized gases
under different conditions by the nature of the membrane leads to a change in a
number of properties: adsorption, selective, and transport [34, 35]. The study of
these processes, depending on the parameters of the discharge and the composi-
tion of the plasma-forming gas, in order to improve the surface properties of
membranes, is dictated by practical and scientific tasks. In this connection, it is of
great interest to study the process of hydrophilization of the surface of poly-
propylene TM having hydrophobic properties, which inhibits their use in
microfiltration of aqueous solutions.

The surface and electrochemical properties of polypropylene TM, processed
in nitrogen, air and oxygen plasma have been studied[36]. The influence of the
composition of the plasma-forming gas on the morphology of its surface was
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studied. It has been established that the surface microrelief of membranes formed
in the process of gas-discharge etching is changing. The effect of the plasma of
nonpolymerizing gases, in addition, causing oxidation of the surface layer of the
membrane, leads to the formation of oxygen-containing functional, mainly carbo-
nyl and carboxyl groups. It is shown that an increase in the surface roughness of
the membrane and its hydrophilization cause an improvement in wettability. The
presence of polar groups in the surface layer of the membrane, in addition, causes
a change in its hydrodynamic and electrochemical properties — the permeability
and electrical conductivity of the modified materials are increased.

One the way of producing micro- and nanostructured metals is the matrix
synthesis method, which consists in filling the pores of a matrix with the desired
material. Pore parameters in the "parent" matrix can usually be adjusted: set their
orientation in space, shape, and size and location density. Polymeric TM most
often used as a porous material, and pore characteristics in which are specified
both during ion irradiation of the initial polymer film and during its subsequent
etching. The obtained pores are filled with various metals by electrodeposition.
This method, called "replication" ("template synthesis") develops in many
countries [37-40], replicas from a number of metals received. However, the
properties of metal replicas obtained by different authors are very different. The
study of the electrochemical process of metal deposition in pores will allow us to
determine the effect of electrodeposition conditions on the resulting metallic
replicas, and then control the structure and properties of these replicas (figure 4).

Electrochemical processes of metal deposition are well studied and used in
practice; for nanoscale structure in pores of TM. Nanowires made from cobalt
have many potential applications due to the magnetic properties of this metal [41].
The process of producing micro- and nanostructured cobalt [42] was studied by
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Figure 4 — Microphotographs of pore replicas with a diameter of 200 nm,
growth conditions potentiostatic (E =-580 mV). The side of the frame is 30.5 um (a), 325 pum (b)
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electrochemical filling of the pore channels of TM. Dependencies of the course of
the process on the geometric (pore diameter) and electrochemical (potential,
current density) parameters are shown.

Sulphated lignin is a composite non-uniform network organic copolymer
formed as a by-product from the most common sulfate cooking of wood [43]. It is
a valuable organic raw material for the chemical industry. The comparatively low
molecular weight and the presence of reactive groups in combination with solu-
bility in alkaline solutions make it possible to use sulfate lignin in the production
of both polymers (as fillers and modifiers in the manufacture of plastics, rubbers
and rubbers) and phenol-formaldehyde oligomers of the resol type, dimethyl-
sulfoxide. It is also used in ceramic production as a plasticizer and as a binding
agent in the production of paper plates and the like. In the future, it can become
one of the significant sources of both low-molecular and polymeric valuable
organic products.

To date, great progress has been made in studying the structure and appli-
cation of sulphate lignin, but the questions related to the study of its colloidal
chemical properties continue to remain relevant. This is primarily due to the fact
that this information is important not only for the development of the theory of
sulphate delignification of wood [44], but also for solving a number of applied
problems of the pulp and paper industry, for example, finding new more eco-
nomical ways of using sulfate lignin [45] and optimizing work of systems for
local purification of lignin-containing wastewater. In connection with this, it is of
interest to study the aggregation of sulfate lignin dispersions in solutions of elec-
trolytes and, in the first place, the patterns of their coagulation.

The filtration through TM, differing in the diameter of the capillaries (from
50 to 2500 nm), studied the aggregate stability of dilute (10 mg/L) aqueous
dispersions of sulfate lignin in solutions of NaCl and CaCl, (0-10" mol/L) in the
pH range 9.5-2.0 [46]. It is shown, that in the absence of salts, the liberation of
sulphate lignin on the filters increases with decreasing pH and approaching the
isoelectric point of sulfate lignin (pH 2.0). The introduction of salts leads to an
increase in the delay efficiency of sulfate lignin, which becomes significantly
higher in the case of CaCl,. Based on the data obtained, the sizes of aggregates of
sulfate lignin formed in solutions of different composition are determined.

One of the ways to clean natural and waste water from coarse, colloidal and
other contaminants is the method of coagulation. In practice, aluminum salts are
widely used as such materials, during the hydrolysis of which polynuclearhyd-
roxocomplexes and hydroxides are formed. The formation and coarsening of
particles in the dispersed phase and, consequently, the efficiency of the water
purification process depend on their parameters [47]. Therefore, it is of undoubted
interest to investigate the effect of AICI; on the aggregate stability and particle
size of aqueous dispersions of sulfate lignin, one of the specific pollutants of se-
wage generated by the use of a widespread and water-intensive sulfate method for
the production of commercial pulp. The features of aggregative stability of dis-
persions of sulfate lignin and the sizes of their particles in solutions of various
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electrolytes in a wide range of their concentrations and pH are established
[46, 48, 49].

The effect of AICI; (0-107 M) and pH (9.5-2.0) on the aggregation of dilute
(10 mg/L) aqueous dispersions of sulfate lignin was studied by filtration through a
series of TMs with capillary diameters from 50 to 2500 nm [50]. It is shown that
AICl; has a significantly higher coagulating ability than NaCl and CaCl,. In the
pH range 4.1-7.0, which corresponds to a significant hydrolysis of AICI;, a
concentration inversion of the coagulating ability of AICIl; occurs in the transition
from 10 to 10° M due to charge exchange of negatively charged sulphate lignin
particles by AICI; hydrolysis products.

One of the urgent problems in ophthalmology is the surgical treatment of
refractory glaucoma. Refractory glaucoma includes both primary glaucoma
surgery, requiring repeated surgical procedures, as well as congenital, juvenile
and some types of secondary glaucoma. Unsuccessful attempts of antiglaucoma-
tousoperations, as a rule, are the result of proliferation of connective tissue and
blockage of surgically formed ways of outflow of intraocular fluid. Due to the
resistance of refractory glaucoma to traditional treatment, the long-term preser-
vation of the hypotensive effect is ensured by the implantation of various drains.
Presented are [51] the results of the formation and use of polymeric TM from
polyethylene terephthalate (PET) with a nanostructured surface as explant
drainage in the surgical treatment of refractory glaucoma. For nanostructuring of
the surface layer of membranes, treatment in an oxygen-containing plasma was
applied (figure 5).
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Figure 5 — Scheme of the pore structure of the initial PET TM (a)
and membranes modified in air plasma (b-d)

Lithographic and chemical methods usually use for the synthesis of nano-
structures. The essence of the method of matrix synthesis is the filling of pores of
small size in a porous matrix (template) [1]. Interest in this method of synthesis is
due to its sufficient simplicity, as well as the ability to manufacture micro- and
nanowires from various materials.
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The matrices can be manufactured by ion-track technology (irradiation of the
polymer with heavy ions and subsequent etching of latent tracks), which gives a
unique opportunity to create matrices with through or blind pores of cylindrical
and conical shape. Then the pores in the resulting patterns are galvanically filled
with various metals: copper, nickel, silver. Choose the conditions for uniform
filling of pores with metal. The micro- and nanowires produced in the matrix can
be used either in a growth matrix (metal/polymer composite material) or the poly-
mer can be removed and individual micro- and nanowires are obtained. If metal is
additionally deposited on one of the surfaces of the polymer in the process of
galvanic filling of pores with metal, then after removal of the polymer, a "brush"
made of micro- or nanowires on a metal base is formed.

Earlier in [52], showed the possibility of using such brushes for electron
emission. The possibility of ion emission from such substrates in mass spectro-
metry has been demonstrated [53].

Matrix (template) synthesis in the pores of TM produces micro- and nano-
wires of cylindrical and conical shape [1]. The technique of filling the pores of the
matrix with metal (copper, nickel and silver) has been worked out. Since the
polymer templates are dielectrics, they were first dusted on the one side with the
metal that was being adsorbed. For galvanic deposition of metal in the pores of
the template, a circuit consisting of a power source, a digital milliammeter and a
special Teflon cell was used. The processes of desorption/ionization of biological
molecules from metallic micro wires have been studied experimentally.

The relationship between the growth conditions and the morphological chan-
ges that accompany the electrodeposition of copper in the etched channels of TM
from PET has been studied [54]. TM was used with a diameter of etched channels
from 5 pm to 50 nm. The experiments were carried out under potentiostatic condi-
tions at different cathode potentials without forced mixing. The electrodeposition
of the copper precipitate was carried out at temperatures 20 or 60°C. The
morphology and crystallinity of copper nanostructures were studied using raster
(JSM-840) and transmission (EM-125K) electron microscopy. It is found that an
increase in overvoltage stimulates the formation of a polycrystalline structure of a
micro wire, and a reduction in overvoltage stimulates the formation of a single-
crystal structure of a micro wire. At the same time, the determining effect of the
magnitude of the overvoltage on the features of the crystal structure of nano-
meter-sized wires was not observed.

During the micro- and ultrafiltration of process fluids, a layer of gel deposits
forms on the surface of the membrane, which inevitably leads to a decrease in the
specific rate of the process (membrane permeability), down to its complete stop.
To restore the transmissivity of the membrane it is necessary to carry out its
periodic regeneration, which is an integral element in the implementation of any
membrane process. Moreover, we are talking about restoring the percentage of
permeability that decreases due to plugging, clogging of the pores of membranes,
the formation of deposits of different nature on their surface, in contrast to the
reduction in the capacity of membranes due to irreversible shrinkage of the pores

13



XUMWYECKHH )KYPHAJI KA3AXCTAHA

under the action of the pressure gradient. Ultimately, the efficiency of regene-
ration determines the service life in micro- and ultrafiltration plants, and, conse-
quently, the economic component of the membrane process used [55].

Since the used TM for microfiltration of beer had very low mechanical sta-
bility, the only and effective method of regenerating the membranes remains
mechanical cleaning in combination with combined washing and disinfecting
agents.

The applicability of countercurrent washes inevitably led to the rupture of
TM due to its separation from the drainage substrate. The use of spongy bodies
with a diameter from5 to 7 mm in combination with the operating agitator has
shown successful results in restoring the permeability of TM. In this case, mem-
brane regeneration is carried out without excess pressure applied to the film, and
the intensity of the exposure to it was determined mainly by the level of detergent
solutions on the surface of the membrane, their concentration, temperature,
duration of action and the speed of rotation of the mixing device.

Methods of regeneration of various types of membranes in the process of
micro- and ultrafiltration of technological liquids in food production using pilot
plants are considered [55]. Algorithms for regeneration and washing of track,
hollow fiber and ceramic membranes are given, the regime parameters (tempe-
rature, duration, concentration, method and direction of feeding) are indicated, the
kind of reagents used for micro- and ultrafiltration of technological liquids of
food production, for example, the beer of unfiltered unpasteurized, enzyme
preparation inulinase, water tap and curd whey.

Today, one of the urgent problems in the field of ecology is the purification
of drinking water from bacteria, viruses and parasites, and alsoair purification.
The most effective means for filtering drinking water are TM, as well as the most
needed application of TM have been found in the processes of fine air cleaning
and as respirators.

At present, there are a lot of enterprises in our republic in this area, namely,
in the Institute of Nuclear Physics of the National Nuclear Center of the Republic
of Kazakhstan in the city of Astana, tests are conducted on irradiation and etching
of the PET film, which is later used as a filtration means [56]. The Institute is one
of the 18 member states of the Dubna Joint Institute for Nuclear Research.

The main functional feature of membranes is a high selectivity of filtration,
which ensures high quality of the filtrate. The guarantee of high filtration quality
is ensured by the advantage of the TM structure: a smooth surface. In contrast to
fine air filters based on glass paper, in which the capture of particles is mainly due
to the mechanisms of contact (particles of 0.3-1.0um in size) and diffusion (par-
ticles smaller than 0.3 um), in TM the capture of particles occurs in a single sieve
effect (a special case of the touch effect). Sieve is the effect that occurs when the
particle size is larger than the pore size. The field of application of TM is deter-
mined by the functional ability to ensure that particles with dimensions exceeding
the nominal diameter of the membrane pores are guaranteed to be retained on the
surface.
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At the branch of the Institute of Nuclear Physics (Astana), work was carried
out on irradiation of a 19.41 um PET film [56]. Three films with a length of
200 meters were irradiated, with various modes of operation of the isochronous
cyclotron DC-60 providing the given density of track pores. After irradiation,
samples were taken from each film to control the correspondence of the irra-
diation parameters to the specified properties.

Depending on the size of the particles, which must be retarded or separated,
the diameters of the pores TM D must correspond to the task assigned to them
[57]. Accordingly, as the pore size decreases, the membranes are divided into
microfiltration (0.05 um <D <5um), ultrafiltration (0.005 pm <D <0.05 pm),
nanofiltration (0.001 um <D <0.005 pum) and reverse osmosis (D <0.001 pm).
Membranes of the latter kind can be considered an artificial analogue of
biological membranes capable of separating ionized atoms and molecules.

TM formed in two main stages. First, the original non-porous materials are
irradiated with high-energy particles (accelerated heavy multiply charged ions at
the accelerator or fission fragments of heavy nuclei in a nuclear reactor) or
through a mask by a synchrotron radiation beam. As a result, in the material,
zones of destruction (material structure disturbances) are formed along the
rectilinear trajectories of the bombarding particles, latent tracks. Then the tracks
are chemically etched until the formation of through pores of a given diameter,
the value of which is set by irradiation and etching modes. The nature of the
etchant is determined by the material of the irradiated film. For example, for
etching tracks in the most common polyethylene terephthalate for the production
of TM alkaline solutions are used. This stage of the transformation of the irra-
diated film into a membrane and gave the term track membrane.

The features of the porous structure of TM make them in the fundamental
field an almost ideal model for studying the physicochemical mechanism of
membrane filtration, and in practice they provide them with a selectivity that is
record-breaking compared to other types of membranes. The pore sizes of TM lie
in the range from several units to several hundred nanometers (track nano-, ultra-
and microfiltration membranes). Thus, according to modern classification, TM is
typical nanomaterials [57].

In 1972, at JINR (Dubna) under the leadership of Academician G.N. Flerov
began work on the creation of method obtaining TM based on using accelerated
heavy ions [58]. Methods have been developed for the production of PET-based
TM with a porous structure that is comparable to TM produced using fission
fragments. As a result, in 1974, both methods of obtaining TMhad been realized.
In the first method, irradiation of the polymer film is performed by **U fission
fragments, in the second method, multiply-charged ions of the accelerator are
used to create the tracks.

On the basis of the SSC RF-IPPE (Obninsk), studies have begun to develop a
reactor technology for the production of PET-based TM using the BR-10 reactor
as an irradiator [59]. In the development of this technology, it was assumed that
reactor TMs would have better selectivity values than those obtained with the
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accelerator method. The basis for this assumption was the following circum-
stances.

When irradiation takes place at the accelerator, ions enter to the film at the
same angle. Due to the stochastic nature of the radiation, the resulting tracks are
randomly distributed relative to one another. As a result, the distance between in-
dividual tracks may be so small that after etching several pores can overlap. As a
result, a through channel is formed of a larger size than the size of a single pore.
The dispersion of pores along the diameter worsens the quality of the membrane.
Therefore, in order to reduce the effect of this factor, it is necessary to introduce
additional devices that help to change the angles of the entry of ions into the film
in order to exclude the overlapping of pores over the entire thickness of the film.

When the film is irradiated on an accelerator, ions enter to the film at the
same angle. Due to the nature of the fission, the emission angles of the fission
fragments from the source have an isotropic distribution. Therefore, the fission
fragments enter the film at different angles in the range of values determined by
the design of the collimator. The overlap of pores, which retains the depth of the
membrane, becomes unlikely. In the reactor production method, a much more
uniform irradiation of the polymer film web is achieved than in the accelerator
method, where a narrow scanning ion beam is used. The advantages of the reactor
method include the simplicity of the device for forming a beam of fission frag-
ments. At the same time, the reactor method is not devoid of shortcomings. The
main drawback is the possibility of radioactive contamination of the membrane
due to the braking of a number of fragments within the thickness of the film [59].

Track membranes are widely used as filters for fine purification of gases and
liquids, for medical purposes (plasmapheresis, bacteriological and viral control,
etc.), as spectral-selective diffraction filters, as well as for the creation of secon-
dary micro- and nanostructures (tips, debris). The advantages of using TM are in
the small pore sizes, their calibration, the possibility of modifying the pore geo-
metry and their intersections. Membranes made on the basis of PET with a
variation in porosity and pore diameters and their orientation relative to the TM
surface were investigated [4].

When using any materials, its mechanical properties are always important.
The strength of TM with different porosity and pore orientation with respect to
the surface was investigated [4]. Three main factors influencing the destruction of
TM have been identified and analyzed; the influence of the stress concentration
on the pores and the role of their interaction in the destruction are demonstrated.

The formation of pores in polycarbonate films exposed to accelerated ions
during their treatment with an alkaline solution containing a surface-active agent
was studied [60]. It was found that the shape of the pores is determined both by
the structure of the initial film and by the features of the interaction of the surface
active agent with the surface of the polymer and its transfer to the track. Due to
the inhomogeneity of the starting material, the cross-section of the pore track va-
ries along the length of the pore. The presence of a surface-active agent leads to
an additional effect. Being adsorbed to the surface of the film and to the inputs of
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Figure 6 — Schematic diagram illustrating the initial stage of etching of heavy ion tracks
in a polymer in the presence of a surfactant

etched heavy ion tracks, the surface-active agent molecules tend to reduce the
etch rate, resulting in "roll-like" pores (figure 6).

The use of a surface-active agent as a component of a chemical etching solu-
tion makes it possible to vary the shape of the pores of the TM with respect to
direction, optimizing their efficiency and selectivity.

Investigation of the properties of polyethylene terephthalate TM modified by
the polymerization of dimethylaniline in the discharge of direct current showed
that membrane treatment on the anode provides polymer precipitation both on the
membrane surfaces and on the pore walls [61]. The polymer obtained from di-
methylaniline by plasma polymerization can swell in aqueous solutions, and the
degree of swelling depends on a large extent of the pH solution. This process is
associated with the formation of a positive charge on nitrogen atoms. The swel-
ling of a layer of plasma-polymerized dimethylaniline on the surface of the pores
causes a reduction in the pore diameter of the membrane. In membranes with a
deposited polymer layer, partial reduction of pores is observed, leading to a
decrease in water permeability in solutions at pH 1.2. At pH 4.6 there is no for-
mation of charge on nitrogen atoms, and the polymer swells to a much lesser
degree, thus leading to an increase in the permeability of the membrane. The
introduction of iodine into the polymer layer leads to the formation of poly-
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electrolyte, the swelling of which in the acid medium leads to a complete reduc-
tion of the pores within certain pressure limits. As the pressure increases, the gel
collapses due to the transition of the coil-globule, as a result, the permeability of
the membrane increases sharply. The results indicate that PET-TM, modified in
dimethylaniline plasma, is capable of reversibly changing its permeability depen-
ding on the pH of the solution and the applied pressure.

The dependence on the electrical conductivity of KClaqueoussolutions in the
pores of polyethylene terephthalate and polyimide track etched membranes on the
solution concentration and pore diameter was studied by impedance spectroscopy
[62]. It was found that the electrical conductivity values, calculated from the ex-
perimental results, significantly exceed the standard values in the case of small
pore diameters and low solution concentrations, and this difference is more pro-
nounced in the case of PET-TM. As the solution concentration and pore diameter
increase, the electrical conductivity of the solution in the pores tends to approach
the standard values. The observed effect is explained by the presence of a free
layer on the walls of the pores, which appears as a result of decomposition of the
polymer caused by irradiation with high-energy ions. The contact of this layer
with the solution leads to the formation of a gel layer filled with electrolyte and
shortening the measured resistance of the membrane.

A plasma-chemical process was developed for the production of composite
TM with an electrically conductive coating of nitride-titanium particles having a
complex hierarchical structure [63]. Due to the deposition of nitride oxide on the
surface of PET-TM, the membrane channels become asymmetric, and the film
power is enhanced. The size of the pore openings in the composite membranes
can vary over a wide range by changing the synthesis parameters. The possibi-
lities of direct use of composite TM in electron microscopy for qualitative and
quantitative fractionation by the size of microelements in natural waters by means
of ultrafiltration have been demonstrated by the example of a number of macro-
(C, Al, Si, Mg, Fe, P) and macroelements (Sr, U, Th).

Improved TM was used for the first time to study the distribution of elements
between particles of different sizes and other water components. The properties of
strengthened membranes are considered [64]. Factors affecting the quality of
water in the Volga River near the water intake near the city of Dubna in the
Moscow region and drinking water in various parts of the city are characterized
by the fractional composition of macro and micro components.

The key problem of nanometrology is the development of relatively simple
and reliable methods for measuring the geometric parameters of nanoobjects.
Such measurements are usually made using scanning electron (SEM) and scan-
ning probe microscopes (SPM). The ability of SPM to perform a 3D survey of
nanoobjects requires the presence of three-dimensional reference materials,
among which, for example, step structures obtained by anisotropic etching of
(100) -oriented silicon wafers can be mentioned. Three-dimensional silicon step-
ped nanostructures are currently used for calibration and verification of SEM and
SPM along with such traditional reference materials as the islet of gold for SEM
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and oriented graphite for SPM. The potential of etched polymeric membranes
with a conductive coating of titanium nitride for calibration and verification of
SEM, as well as SPM operating in the scanning tunnel microscope and ACM
modes, was demonstrated [65]. This universal reference material can be used both
in ultrahigh vacuum and in environmental conditions.

The sorption of polyethylene glycol with a molecular weight of 3 and 40 kDa
on TM at different pH has been studied [66]. Sorption of polyethylene glycol and
the selectivity of its sorption increase by decreasing pH. The contact angles of the
water with the membrane measured for both intact TM and for polyethylene
glycol modified ones. Sorption of polyethylene glycol on TM reduces the contact
angle of the film, which indicates an increased hydrophilicity of its surface. The
fibers of human membrane aqueous albumin and the membrane aqueous insulin
adhesive show that, unlike insulin, human serum albumin makes TM more
hydrophilic than polyethylene glycol. Due to the relatively low surface tension,
5% by weight of human aqueous albumin completely displaces polyethylene
glycol from the surface of the modified TM.

The ultrafiltration of aqueous solutions of sodium lignosulfonate through TM
with pores of 30 nm was studied [67]. Their selectivity was studied depending on
the concentration of sodium lignosulfonate (10, 20, 50 and 100 mg/dm®) and
electrolyte NaCl (107, 102 and 10" M). It was shown that ultrafiltration of
solutions of lignosulfonates is associated with the mechanism of "membrane-
selective permeability-related" charge. Selectivity of membranes decreases with
increasing concentrations of lignosulfonate and NaCl, as well as the degree of
filtrate extraction.

Compared with proteins and water-soluble dyes, the adsorption properties of
metal-ceramic and etched PET-TM are compared [68]. It is shown that metal-
ceramic membranes have a noticeably higher adsorption capacity (calculated per
unit surface area) than PET-TM. In this case, the nature of the adsorption of these
substances on both types of membranes is very similar and is determined by the
combination of ionic and hydrophobic interactions. The adsorption values of the
main dyes are much higher than those of the acid dyes, because of the negative
charge on the surfaces of the membrane. The isotherm of adsorption of the main
dye of rhodamine 6G on PET-TM from the aqueous solution is characterized by
growth in the concentration range below 1 pmol/l due to the presence of highly
active adsorption sites on the surface. Adsorption of dyes is significantly reduced
when isopropanol is added to the aqueous solution. Using as an example the base
protein cytochrome C, it has been found that its adsorption on cermet membranes
can be prevented by increasing the ionic strength of the solution.

The possibility of obtaining fracture discontinuities of trace membranes
based on polyethylene naphthalate was investigated by electron microscopic
studies [69]. These splittings make it possible to study the structure of the pore
canal over the entire length of pores from one surface to the other (figure 7).
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Figure 7 —
Electronic microphotographs
of membrane cracks based
on polyethylene naphthalate obtained after
a) UV irradiation with a LE-30 lamp for 7 days,
b) after exposure to high-energy protons
with a dose of 107 Gy,
¢) after exposure to nitric acid vapor

Because of the high radiation and thermal stability of polyethylene naph-
thalate films, thermal, ultraviolet and radiation treatment methods used for the
production of brittle films of polymers such as PET, polycarbonate and poly-
propylene are unsuitable for them. Processing samples with concentrated nitric
acid vapor for 1.5 months makes them brittle. It is possible to obtain a good cross-
section.

Based on the results of the study, samples of chemically resistant TM were
obtained [23]. The structure of the porous membrane was formed by bombarding
a polyvinylidene fluoride film (PVDF) with 41 MeV argon ions followed by
thermal treatment and chemical etching. Ion-track membrane PVDF can be used
for the production of a proton exchange membrane.

The surface diameter of the pores is approximately 250 nm. This value con-
firms that the heat treatment and composition of the etchant accelerated the
growth of the pores during etching compared to the results reported previously.
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Conducting research confirmed the values of pore diameters. The results of this
study and the use of thermal treatment of irradiated PVDF allowed to reduce the
etching temperature of the through pores and increase the etching rate of the
PVDF track. Thus, it can be expected that the technology of making membranes
resistant to aggressive media will be developed in the foreseeable future, and
PVDF membranes after appropriate grafting to change their surface properties
will find application in fuel cells.

The possibility of using TM for subsequent treatment of biologically purified
domestic effluents from individual buildings was investigated [70]. The depen-
dence of pressure on the productivity of distilled water and the process of filtering
of effluents for TM prepared from Russian and imported films, the dependence of
the efficiency of the process and the efficiency of purification on the pore size of
the membrane in the dead-end and transverse flow modes, the efficiency of
traditional methods of regenerating TM using citric acid and the influence of the
reverse washing to restore the efficiency of filtration of biologically treated
domestic sewage.

Oxidative polymerization of pyrrole and N-methylpyrrole was studied using
matrix synthesis on PET TM [71]. By scanning electron microscopy, it was found
that a polymer film was formed on the surface of membranes and on the walls of
membrane pores. The polymerization rates on the surface of membranes and pore
walls, as well as the yield and structure of the polymer film, depend on the
membrane parameters (pore length, diameter and porosity), the chemical structure
of the monomer, the diffusion of polymerized solutions through the pores of the
template and temperature.Methods for obtaining samples of a porous polymer for
studying its structure using scanning electron microscopy are described. The
technique for preparing cracks is supplemented by preliminary treatment of the
polymer with radiation, photo- or thermo-oxidative degradation to make it brittle.
The advantages of this method have been demonstrated with Mylar, polycar-
bonate and polypropylene TM [72].

The kinetics of isothermal evaporation of distilled water, which was in re-
mote (10-15 mm) contact with porous TM, was studied by microgravimetry (deri-
vatograph). When the H,O-TM system contained a dispersed medium, the sup-
ramolecular structure of the water changed, and the number of clusters (coherent
domains) decreased sharply. Extraction of the light phase from liquid water
correlated with the chemisorption of H,O molecules containing a hydrogen para-
isomer, which predominantly form coherent water domains [73].

The flow potential method implemented in a slot device using KCl solutions
of 10*-10? mol/L was used to study the electro- surface characteristics of PET
films, both initial and irradiated with heavy ions, and also in the form of TM with
pore sizes of 50 and 210 nm, made of these films [74]. Their potentials and sur-
face charges are calculated. The obtained data indicate that irradiation of polymer
films with heavy ions reduces the { potential and the surface charge. However, as
a result of film etching, when preparing a TM, the potential and surface charge
increase and exceed the corresponding values for the original film.
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The processes of electric current flow through metal-covered TMs in air and
in vacuum are consistent with the traditional concepts of the current dependence
on the voltage in the dielectric [75]. The reversible change in the current-voltage
characteristic during the transition from vacuum to air (and vice versa) can be
explained by reversible processes of adsorption-desorption of atmospheric mois-
ture on TM. The same sorption processes can explain the time dependence of the
intensity of the current when the voltage is applied. In this regard, the identified
effects should be taken into account when choosing the operational conditions of
field emission nanostructures based on metal-coated TM in future technical
applications.

The results of a structural study of conductive polymer coatings deposited on
TM from PET by matrix synthesis are reported [76]. The following aspects of the
quality of polymer coatings were studied: the ratio between the film and the
granulated polymers, the polymer distribution over the surface, and the thickness
of the polymer layers on opposite sides of the TM. The fraction of granular
polypyrrole on the surface and in the pores of the film increased with the pore
diameter. The decrease in the polymerization temperature reduced the amount of
granular polypyrrole on the surface of the membranes, while its effect on water
permeability of TM remained unchanged. A more uniform distribution of poly-
pyrrole over the TM surface can be achieved by equalizing the density of the reac-
ting solutions; but the fraction of granular polypyrrole on the surface of the
membrane increased in this case. It turned out that the polymer coatings on both
sides of the surface of the membrane matrix have different thicknesses. Poly-N-
methylpyrrole completely covered only one side of the TM facing the monomer
solution.

The features of etching of latent heavy ion tracks in PET prior to pore for-
mation were studied [77]. It turned out that the etching process includes the fol-
lowing steps: 1) penetration of the electrolyte into the pores due to capillary
forces and removal of products of monomeric radiolysis; 2) swelling of cross-
linked (due to secondary electrons) polymer regions around the tracks to form a
gel layer; 3) removal of the gel layer and the formation of TM with a pore radius
of 40-50 A. Radiation-chemical processes in polymers affect the physicochemical
properties of the resulting membranes. The microrelief of their surface was
studied by the AFM method.

Surface-active substances are used to etch TM to form pores of specific
geometry, for example, to obtain membranes with improved characteristics.
Knowledge of the state of the molecules of surface-active substances in tech-
nological solutions, in particular, the patterns of their aggregation, is important for
understanding the mechanisms of the action of surface-active substances on the
etching of tracks. Data on the micellization of dodecyl (sulfophenoxy) benze-
nesulfonate and nonylbenzene deca (ethylene oxide) in neutral and alkaline
electrolyte solutions of various concentrations presented in [78]. The measu-
rements carried out using small-angle neutron scattering. It is shown that cylin-
drical (ellipsoidal) micelles formed in solutions. The characteristic sizes of
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micelles as function of the surfactant and electrolyte concentration are deter-
mined. The correlation of the obtained data versus the geometry of track nano-
pores and the dynamics of their etching in surface-active solutions is discussed.

The structural and electrokinetic characteristics of microfilters versusof track
coating with a pore radius of 1 pm and microfilters modified with a perfluorinated
sulfocationite ionomer, depending on the pH and the concentration of KCI
solutionswere studied [79]. The colloidal properties of the modified microfilters
and the perfluorinated sulfo-cation exchanger membrane MF-4SK were com-
pared.

Time-of-flight spectra of ions formed during the extraction of negative ions
from the KI solution in a water-glycerin mixture by high-speed electric field
pulses are analyzed using a source with a polymer-based interface. It is shown
that the ions formed in the secondary processes of bombardment of the membrane
surface contribute significantly to the observed spectra. It was found that the
peaks of negative hydrogen ions have the highest intensity in the spectrum, which
indicates the effective emission of these ions upon bombardment of PET by se-
condary ions with an energy of about 6 keV. The main directions of modification
of the membrane interface are described to reduce the fraction of secondary ions
in the ion beam [80].

The properties of asymmetric nanopores obtained by chemical etching of
tracks by accelerated heavy ions have been studied [81]. Procedures have been
developed to control the size and shape of pores over a wide range. The presence
of charged functional groups on the walls of pores is an intrinsic property of TM,
which makes them a convenient object for studying electrokinetic phenomena in
nanocapillaries. In electrolyte solutions, asymmetric "road" membranes exhibit a
diode effect. Two methods of manufacturing asymmetric nanopores in PET films
have been proposed and introduced into practice. The features of both methods,
their advantages and disadvantages are considered.

The possibility of performing an energy-efficient irradiation of 20-um PET
films for the production of TM is considered[82]. Irradiation carried out on both
sides of the film by an Ar®" ion beam with an energy of 53.4 MeV, the energy of
which was insufficient to form a through track. The characteristics of the obtained
TM samples were studied. It has been found that these membranes can be used in
some cases as a basis for manufacturing composite gas separation membranes.

The iron and cobalt-iron nanostructures synthesized in polymer ion-track
membranes were studied by Mossbauer spectroscopy in combination with
scanning electron microscopy, energy dispersive analysis, and X-ray diffraction
data [83]. The nanostructures obtained are single-phase Fe;,Co, nanotubes with a
high degree of polycrystallinity, the length of which is 12 um; their diameter is
110 + 3 nm, and the wall thickness is 21 + 2 nm. Fe*" and Fe®** cations were found
in nanotubes, which belong to the iron salts used and are formed by electro-
chemical deposition. The Fe nanotubes show the distribution of the directions of
the magnetic moment along the directions of the Fe atoms, while the Fe/Co
nanotubes have a partial magnetic structure along the axis with an average angle
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between the magnetic moment and the nanotube axis of 34° = 2°. Substitution of
the Fe and Co atoms in the nearest medium of the Fe atom in the structure of
Fe/Co nanotubes leads to a significant increase in the hyperfine magnetic field on
*’Fe nuclei (by 8.7 = 0.4 kOe) and to a slight decrease in the Mossbauer line shift
(by 0.005 £+ 0.004 mm /s).

The results of an investigation of the friction process of a metal-polymer pair
on a disc-scheme are presented[84]. The material for the study was TM from PET
and had pores with a diameter of 0.4 and 0.8 pm. The influence of sliding velocity
for membranes with pores of 0.8 pum is determined. It was shown that an increase
in the pore diameter leads to decrease the coefficient of friction and its amplitude
oscillations. The study showed that TM has sufficient resistance to wear and can
be successfully used in surgical procedures in the layers of the cornea.

PET-containing etched membranes with an average pore size of 400 nm
underwent UV grafting of polyacrylic acid after oxidation of internal surfaces by
the HyO,/UV system [85]. Carboxylate groups of chains of grafted polyacrylic
acid readily interacted with Cu®" ions in aqueous solutions. These ions were con-
verted into metallic copper nanoparticles by radiation-induced reduction of copper
ions in a water-alcohol solution by gamma rays in a dose range of 46-250 kGy.
Copper ions chelating with COOH groups of polyacrylic acid chains grafted onto
PET form an ion-polymer complex that prevents the formation of agglomerates
during the reduction of copper ions to metallic nanoparticles. Detailed analysis by
X-ray diffraction, transmission electron microscopy, scanning electron micro-
scopy and energy-dispersive X-ray spectroscopy confirmed the superposition of
copper nanoparticles with an average size of 70 nm on the inner surface of PET
nanocannels. Samples were also examined by EPR spectroscopy for the subse-
quent reduction of copper ions.

Track membranes based on PET, activated by low-temperature plasma, were
modified using a solution of N-isopropylacrylamide in an organic solvent [86].
The filtration efficiency of the modified membranes was 2.5 times higher than
that of the original TM.

On the basis of TM as templates, secondary metal structures are grown,
which are promising for use in optics and as auto-emission (cold) cathodes. Four
methods for analyzing the distribution of pores over the surface of TM (nuclear
filters) are considered [87]. It is shown that on some TM samples the pore distri-
bution function is Poisson, on the majority there is clearly a deviation from the
Poisson distribution. The fractal dimension of the pore distribution in the TM
does not describe the distribution law, but characterizes the interaction between
the fields of mechanical stress near the pores.

Experimental studies carried out to obtain TM samples by irradiating a mo-
nolithic PET film accelerated on the pre-fermentation section of the Kharkov
Linear Heavy Ion Accelerator LUMZI by Ar'**ions with an energy of 1 MeV/nuc-
leus [88]. And the subsequent physicochemical treatment of the irradiated film to
form pores of a given size and density. Electron-microscopic studies of pore
etching in a polymer film were performed. Samples of TM with a pore diameter
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> 0.05 pum prepared for the development of membranes with bacteriostatic action
in water treatment systems.

X-ray microscopy as a method of observing hidden details, opaque in the
visible range of polymeric materials, and biological objects with variable pene-
tration depth and micron or submicron resolution increasingly attracts the atten-
tion of researchers [89]. One of the reasons for this interest is due (for bioobjects)
to the need to observe the processes occurring in biological tissues in vivo at the
cell and whole organs level with submillimeter, and sometimes submicron reso-
lution.

One of the main reasons restraining the widespread development of X-ray
microscopy of these systems is as follows. In the short-wave part of the X-ray
spectrum the absorption coefficients of many substances are small and very close.
With increasing wavelength the difference in the absorption coefficients in-
creases, but with it absorption also increases.

The possibility of obtaining enlarged images of objects with a micron
resolution is shown [89]. An image of a number of objects with an increase of ~
20 has been obtained. It was possible to register enlarged images of holes in shock
TM with a minimum diameter of about 2x10* nm.

The problem of creating optical filters for soft X-ray and hard ultraviolet
spectral regions with a high level of blocking of ultraviolet and visible back-
ground radiation is discussed in Ref. [90]. Unlike traditional thin-film systems,
filters based on TM-porous polymeric films with micron and submicron pores are
investigated. For the production of filters it is proposed to use membranes of
polyethylene naphthalate and polyimide, the ultraviolet absorption edge of which
lies near the boundary of the visible region. A comparison is made of membranes
from polyethylene naphthalate and polyimide with known porous PET-TM
obtained by etching ion tracks. The spectral characteristics of polyethylene
naphthalate and polyimide films are analyzed, the process of formation of track
tracks during the serial processing of samples by accelerated heavy ions and
chemical reagents is analyzed, the main parameters of the resulting porous
structures are determined. polyethylenenaphthalate and polyimide TM can be
used in x-ray astronomy as filters detectors of solar telescopes and in optical
experiments with laboratory plasma.

In this review the state and properties of track membranes for baromembrane
processes (micro, ultra and nanofiltration) are considered. One of the way to
increase the productivity of membrane modules and their selectivity is to modify
their porous structure.They are porous materials that are designed to purify liquid
and gas mixtures from unwanted particles, to isolate specific components of the
mixture.
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Pesome
E. E. Epgoxcun, T. K. Yanos, K. X. Xakumboramosa
TPEKTIK MEMBPAHAJIAP: AJTY XXOJIZJIAPBI )KOHE KOJITAHBITYBI

Makanaga 3amMaHayd KaJIABIKCHI3 SKOJOTHSUIBIK Ta3a TEXHOJIOTHSUIApABIH HETi3ri
Kypamaac Oeliri peTiHae TPEeKTiK MeMOpaHa apAbIH allbIHYBl MEH KOJJAHBLTYHI caa-
TapBIHAAFbl TEOPUSUTBIK KOHE JKCIIEPUMEHTAIBIBIK 3ePTTCYICPIiH HOTIKEIEpiHe IOy
xacajplHFaH. Typii MOHOMepIiep/ii oNMMMepu3anysiiay MeH HOJMKOHICHCAIUANAY KIHE
JaliblH MeMOpaHananapasl MoAW(GUKANUSIIAY OAICTEPIMEH aJlbIHFaH OPTYPJi TPEKTiK
MeMOpaHaTapAblH albIHYJIaphl MEH TY3UIy JKarmaiapbl KapacTeIpbiaraH. OapiabiH
CENIEKTUBTLUIITIH apTThIPy >KOJBIHIAFbI, (DU3UKAIBIK-MEXaHUKAIIBIK JKOHE JJIEKTPXUMHUSI-
JIBIK KACHETTEPiH 3epTTey HOTHEXeJepl KeTipireH.
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Cy naiiblHAay, @HEpKACiNl OHAIpICTEpiHIH KalJbIKTaphl KYpaMbIHAAFbl Oarajbl 0e-
JIKTEPiH 06N aly YIIH KalTa eHJIey, dKOFaphl KBICHIMJIA )KOHE MacCa TaChIMAaJIIay IbIH
WHTEHCHBTI PEXUMIHJIC Ta3/bl XKoHE CYHBIK KOocHajap/ibl aibIpy CHUSKTBI ©3€KTi Macele-
JIepAi WIeNTy YITiH 0JapIbIH KONJaHbITy OarbITTaphl aHBIKTAJIIBL.

Tyiiin ce3nep: MemOpaHamap, TpeKTep, YACTUITeH MOHAAP, SAPOJBIK (GHILTPIEp,
KEyeK IuameTpi.

Pe3ome
E. E. Epeoocun, T. K. Yanos, K. X. Xakumbonamosa

TPEKOBBIE MEMBPAHBI:
CIIOCOBBHI TTOJIYYEHUA 1 OBJIACTD X ITPUMEHEHUW A

B craree 060011I€HB! pe3yabTaThl TEOPETUUECKUX M SKCHEPHUMEHTANBHBIX HCCIIEN0-
BaHMH B 00JacTH CHHTE3a M NMPUMEHEHHS TPEKOBBIX MeMOpaH, Kak TJIaBHOW COCTaBIISIO-
el COBPEMEHHBIX OE30TXOMHBIX SKOJOTHYECKH YHCTBHIX TeXxHoJoruii. O6cyxneHsl oco-
OGeHHOCTH YCIIOBHI 00pa30BaHMS TPEKOBBIX MEMOpaH Pa3IMYHBIX THIIOB, CHHTE3MPOBAH-
HBIX METOAAMU MOJIMMEPHU3ALMY UK MTOJUKOHIECHCAUU PAa3IUMYHBIX MOHOMEPOB U XHMU-
4yeckoil Moau(uKanuei roToBbIx MeMOpaH. [IpencraBieHbl pe3ynbTaThl UCCIEAOBAHUI 11O
TIOBBIIICHUIO UX CEJICKTHBHOW MPOHHUIIAEMOCTH, (PU3NKO-MEXaHUYECKUX U DIIEKTPOXUMHU-
YECKUX CBOMCTB.

OnpeneneHsl NEPCIEKTUBHBIE HAMPABICHUS HX NPAKTHUECKOTO MPUMEHEHUS I
pelLIeHns] aKTyalIbHBIX MTPOOJIEM BOJIONOITOTOBKH, NMEPEPadOTKH CTOKOB MPOMBIIICHHBIX
IIPOU3BOJICTB C U3BICUYCHUEM LICHHBIX KOMIIOHEHTOB, Pa3ACICHUs Ia30BbIX U )KUJIKUX CME-
ceil IPH BBICOKUX AABICHHUAX U HHTEHCUBHBIX PEXKHMAX MacCONEPEHOca.

KnioueBsbie ciioBa: MeMOpaHbI, TPEKH, YCKOPEHHBIE HOHBI, SiIEPHBIC (GHILTPHI, JHa-
METp IO0D.
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APPLICATION OF MODIFIED HUMIC COMPOUNDS
FOR RESTORATION OF DESERTIFICATION
IN MANGISTAUS REGION

Abstract. In this article considered agrochemical experiments of modified humic
preparations in the field conditions which carried out in the Mangistau region (Senek,
Ushtagan, Tushchykadyk) on the black saxaul and zhuzgen crops. It is established that
their use allows obtaining a high yield of saxaul seedlings of black and zhuzgen in nur-
series. It has been revealed that the application of modified humic preparations contributes
to the formation of a more branched and powerful root system, to an increase in the coef-
ficient of soil moisture use by plants, to regulate the yield of nutrients and to improve the
mineral nutrition of plants, to shorten the periods of their vegetation (by 10-15 days), to
enhance the protective action of plants adverse factors. The survival rate of black saxaul
and zhuzgen saplings transplanted from the nursery to mobile sand (over 2000 pieces
each) was 94-98% and 67-72% in control variant in the absence of irrigation. The tests
carried out over three years have shown that the application of modified composite humic
preparations leads to an increase in the areas occupied by saxaul and zhuzgen (total forest
area is more than 250 ha), stopping mobile barkhans and fixing sand.

Keywords: modified humic materials,growth stimulants,desertification, saxaul,
zhuzgen, field tests.

One of the most acute problems at present is the problem of land degradation
and desertification. The scale and intensity of this phenomenon are becoming
more and more threatening [1-5]. About 75% of the territory of Kazakhstan is
subject to degradation processes. In the Mangistau region the process of desertifi-
cation has been intensifing and brings about economic and social losses. The main
causes of land degradation are: erosion terrain, arid climate, alkalinity, salinity,
etc. Natural soil conditions create natural background to the instability of soil co-
vering to man-made impacts. The development of oil and gas industry and
irrational use of natural resources have intensified the process of desertification of
soils. There are different ways to restore desertified and degraded lands, however,
the work performed does not lead to high results. Therefore, the development of
innovative ways to restore degraded and deserted grounds is an important task.
The use of composite humic materials makes it possible to solve the problems
described above with a minimum of costs, since the chemical composition of
humic compounds is compatible with organic ground substances by genetic
characteristics, and humic materials also have structure-forming and moisture-
retaining properties. Modification of their phosphogypsum and polymeric
compounds enhances this ability, and also imparts new properties.
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In mobile sands, the bulk of sands should be mastered by blocking barkhans
and fixing sands, i.e. cultivation of saxaul, zhuzgen, salsola, etc. The experiments
were laid by the Mangistau and Karakian regions, where mobile sand dunes are
observed. Seeds and saplings of black saxaul and zhuzgen (figure 1) are taken as
test crops. Before planting, furrows were prepared, modified composite humic
preparations were introduced by spreading into the furrow, the expenditure was
about 10-15 g.

Figure 1 — Humic growth-stimulants experiments layout in Mangistau and Karakiya regions

Modified compositional humic preparations have been applied in the fol-
lowing settlements in the Mangistau region:

1. Senek village

2. Usthagan village

3. Tuschykydyk village

Experiments have been carried out in the nursery, as well as on a fenced and
sand-covered area.

In the nursery of Senek village modified humic preparations mixed with the
ground and prepared grooves 5 m in long, 12 m in wide and 30-35 cm in deep,
holes made on both sides of the groove, and planted zhuzgen seedlings (height
15-32 cm), just 500 pieces. From phenological observations it follows that the use
of humic materials leads to an increase in the survival of the tested crops, their
better growth and development throughout the growing season.
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Agrochemical experiments carried out for three years. During the conducted
works it was established that the application of modified humic preparations helps
to obtain a stable and rather high yield of seedlings in the nurseries of the Man-
gistau region. In the course of work, seedlings of black saxaul and zhuzgen were
already obtained from the first years, which were used to create protective plan-
tations. The main way to create plantings of saxaul and zhuzgen in the region is
planting seedlings. So, in 2015 black saxaul and zhuzgen seedlings - 100 pcs, and
in 2016 - 300 pcs are transplanted to bare sandy soil from the nursery. It is shown
that the application of modified humic preparations makes a positive effect on the
plant from the beginning of the period of its growth and vegetation, in particular,
improving such parameters as survival rate, growth, stem thickness, number of
leaves. The survival rate of the tested crops was about 97-100%, and in control
variants - 80-87%. At the same time, the vegetation period of the test plants re-
duced by 10-15 days.

Cultivated in the nursery in Ushtagan using modified humic preparations
black saxaul seedlings (2000 pcs.) and zhuzgen (2000 pcs.) are landed on the sand
in Ushtagan and Tushchykydyk villages in the fall of 2015. When calculating the
number of plants that have risen, it turned out that humic preparations increase the
habits of black saxaul and zhuzgen. As shown by phenological observations, after
their transplantation, there was a noticeable advance in the growth and deve-
lopment of plants with the application of modified humic preparations.

During the vegetative period the experimental plants were externally noti-
ceably distinguished by more intense color of leaves and by total power of their
development in comparison with plants of the control variant. In experimental
variants, plants grew by an average of 90-95%. Thus, the height of tested black
saxaul was about 68-73 cm (the highest), in control variant about - 39-47 cm,
experimental zhuzgen about - 81-89 cm, and control one from 42 to 48 cm.

It is known that irrigation is mandatory in the cultivation of saxaul and zhuz-
gen seedlings. However, in the conducted experiments the plants were not wa-
tered, and irrigation was carried out by sprinkling. As noted above, the weather
conditions of the field season 2015-2017 were characterized by dry and hot
weather. It was established that the experimental plants, in contrast to the control
ones, were more resistant to a lack of moisture during their growth and develop-
ment. With a lack of water, the stems of the experimental plants remained strong,
and the leaf surface was saturated green and smooth, and in the control variant
leaves turned yellow, the stem of the plants weakened and dried out, i.e. the use of
modified humic preparations lowers the intensity of transpiration. This means that
when processing plants with modified humic preparations, they use less water.

Effectiveness of the assimilation of nutrients from the environment depends
on the volume and quality of their root system. In the course of the experiments it
was established that the application of modified humic preparations promotes the
formation of a more branched and powerful root system. The developed root
system promotes the intensive intake of nutrients and the best growth of saxaul
and zhuzgen.
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The effectiveness of the assimilation of nutrients from the environment
depends on the volume and quality of their root system. In the course of the expe-
riments it was established that the use of modified humic preparations promotes
the formation of a more branched and powerful root system. The developed root
system promotes the intensive intake of nutrients and the best growth of saxaul
and zhuzgen. It should be noted that in the absence of watering and loosening of
the soil in experimental variants for 3 years, the black saxaul and zhuzgen plants
grew by 2.2-3.1 m on average, their trunks were strong and branched, average
trunk diameter was 15-26 cm (figure 2). Survival rate of the experimental crops
was 94-98%, and in the control variant - 67-72%, the plants on average grew by
20-30%.

Figure 2 — Influence of modified humic preparations on the plants growth and development

Conclusions. Thus, as a result of use of modified humic preparations from
the transplanted from the nursery to the sand black saxaul and zhuzgen appeared a
forest which led to the stopping of mobile dunes. In addition, when using them
the soil is enriched with nutrients, its agrotechnical properties are improved. This
allows us to return the soil to a productive state and solve the problem of deserti-
fication of ground. The use of humic preparations also helped to regulate the
nutrient yield during the entire growing season of development of experimental
crops and improve the mineral nutrition of plants, and helped to better growth and
development of black saxaul and zhuzgen.
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TYPJIEHAIPUI'EH I'YMUHAI KOCBUIBICTAPBIH MAHFBICTAY OBJIBICBIHIIA
IMOJIEUTTEHI'EH TOIIBIPAKTBI KAJIIIBIHA KEJITIPYTE KOJIJJAHY

Typnengipinren rymunai Matepuainapra Manreictay o0n. (Cenek, Ymraran, Ty-
IIBIKY/IBIK a.) ETICTIK KaFdalbIHIa Kapa CEKCEyUT MEH JKY3TeHI'e KOJJJaHy apKbUIbI arpo-
XMMUSUTBIK CBIHAKTap JKYPTi3inai. bynmapaer KonnaHy Kapa cekceyia MeH )Ky3TeHHiH OHo-
THKAJIBIK MEH a0MOTHKTIK CTPECTepre TYPaKTHUIBIFBIH apTTHIPAThIHIBIFI, KYMIBI OCKITiI
MKOHE JKBUDKBIMAJIBI KYMJIbI TOKTATaThIH/BIFbI aHBIKTAJI/IBI.

Tyiiin ce3ep: TypIACHIIPIITeH TyMUHAI MaTepranaap, OCIMIIKTIH 6CyiH Te3AeTKIII-
Tep, IMONIEHTTEHY, CEKCEYLlI, )KY3TeH, eTiCTIK ChIHAKTap.

Pe3rome
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HCII0JIb30BAHUE MOJJU®UIMPOBAHHBIX T'YMUHOBBIX COEJVHEHMI
AJI1 BOCCTAHOBJIEHMS OITY CTBIHEHHBIX ITOYB
B MAHT'UCTAYCKOU OBJIACTU

IIpoBeneHbI arpoXUMUYECKHE OTBITHI MOIU(PHUITMPOBAHHBIX TYMUHOBBIX MPEMapaToB
B TOJIEBBIX ycnoBHsIX Manrucrayckoi 067. (c. Cenek, Ymraran, TyIbIKyIbIK) Ha KyJb-
Typax 4epHOTO cakcayja M >Ky3reHa. Y CTaHOBJICHO, YTO MX MPUMEHEHHE MOBBIIIAET yC-
TOWYMBOCTh CaKcayja YepHOTO M HKy3reHa K OMOTHYECKMM M aOMOTUYECKHM CTpeccam,
MPUBOJIMT K OCTAHOBKE TOJIBMKHBIX OApXaHOB M 3aKPCIUICHHIO MECKa.

KiroueBbie ciioBa: MOIUQGUIIMPOBAHHBIC TYMHUHOBBIC MAaTCPHAIbI, POCTOCTUMYJIS-
TOPBI, ONTyCTHIHUBAHUE, CAKCayJl, )KY3I€H, MOJIEBbIE UCIIBITAHUSI.
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CHARACTERISTICS OF MICROWAVES,

SOME ASPECTS THEORY OF MICROWAVE HEATING
AND THE FIELD OF APPLICATION OF MICROWAYVES
IN ORGANIC CHEMISTRY AND
CHEMISTRY OF NATURAL COMPOUNDS

Abstract. The review considers the characteristics of microwaves, the theory of mic-
rowave heating in a comparative analysis with the features of thermal heating. The
presented material shows the areas of use of the microwave radiation in organic chemistry
and chemistry of natural compounds.

Key words: microwave radiation, microwave heating.

The problem of complex processing of plant raw materials and the creation
of new highly effective methods for obtaining biologically active substances
(BAS) are among the priority directions in the development of chemical science.
At the same time, an important aspect in the development and use of new
chemical, physico-chemical, physical and biological approaches is the following
principles of «green chemistry» [1, 2].

Currently, studies are underway to modify and improve these processes,
which include such areas as: improvements in the technical equipment of the pro-
cess, replacement of the conditions for carrying out the reaction and extraction,
including the solvents used, the use of various factors of physical impact, inclu-
ding ultrasonic and microwave treatment [3-7].

Microwave radiation and its characteristics. Microwaves are electromag-
netic waves, consisting of two oscillating perpendicular fields: electric and mag-
netic (figure 1).

The microwave radiation is electromagnetic radiation, which includes a
decimeter, centimeter and millimeter wave ranges. Quantum energy, frequency
(v) and wavelength of their waves (L) are joined by rigid dependencies (figure 2).
In accordance with them, the electromagnetic spectrum is conventionally divided
into partially overlapping bands, depending in part on the source of the radiation.
Microwave is usually called the spectral region in the frequency range 300 GHz —
300 MHz (wavelength from 1 mm to 1 m). It is located in the interval between the
infrared and radio frequency ranges [8-10].

Microwaves are used as information carriers or as energy vectors. Micro-
wave radiation of low intensity is used in communications, mostly portable, and
microwave radiation of high intensity is used for contactless heating of bodies.
The second direction is related to the direct action of waves on a material that is
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Figure 1 — Schematic description of the electromagnetic wave
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Figure 2 — The scale of electromagnetic radiation

capable of absorbing some of the electromagnetic energy and turning it into heat
and used for heating [8, 9].

In most microwave installations, including household microwave ovens, a
frequency of 2,450 MHz is used, which can only cause the rotation of molecules.
This frequency was chosen to avoid interference with radar and telecom-
munications systems. The wavelength and frequency are related by the relation:
A = c/v, where A - wavelength, ¢ - wave propagation velocity, v — frequency.
Knowing that electromagnetic waves propagate at a speed of light equal to
300,000 km/s, it is not difficult to calculate what the wavelength of the
microwave radiation of a given frequency is equal to: A =c¢/v =12.25 cm.
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Features of thermal and microwave heating. An important factor affecting
the extraction process and the reaction in solutions and heterogeneous systems is
the increase in temperature. The traditional (thermal) method of heating is cha-
racterized by the transfer of heat from the surface to the volume of matter by
means of thermal conductivity and convection (figure 3). However, with a slow
transfer of thermal energy from the source to the sample and inside it, obstacles
are created that do not allow significantly accelerating the course of the processes.
In the case of the low thermal conductivity of the object, heating proceeds slowly
and is complicated by local overheating on the surface [10].

Sample-solvent
mixture

Convection

Conductive / Temperature on the outside

surface is in excess

/ / T \ \ of the bailing point of solvent

Conventional heating

Moving in a solution of
charged ions of a dissolved
substance

Reorientation of

Sample-solvent mixture solvents dipoles

(absorbs microwave energy)

\ Microwave
— heating

Vessel wall

Y\
(transparent to

microwave energy)

Localized
superheating

Microwave heating

Figure 3 — Schematic representation of specificity thermal and microwave heating [12]

Microwave heating is an alternative way to increase the temperature. When
microwave radiation is used, the mechanism of interaction with matter consists in
absorbing the energy of electromagnetic radiation and scattering it in the form of
heat. In this case, heating occurs from within the entire volume of the sample due
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to the creation of the effect of dielectric losses. Microwave heating differs from
the traditional method by a high volume and time gradient, and also by the une-
qual ability of solutions and components of a heterogeneous system that differ in
composition to absorb radiation energy [11].

There are two main mechanisms for the interaction of microwave radiation
with matter. The transformation of electromagnetic energy into thermal energy is
due to two mechanisms: ionic conductivity and dipole rotation. lonic conductivity
generates heat due to resistance. Migration of dissolved ions causes collisions
between molecules because the direction of ions varies as many times as the field
changes sign. Dipole rotation is associated with an alternative motion of polar
molecules which is caused by the continuously changing direction of the vector of
the electrical component of the radiation. Multiple collisions associated with such
a movement of molecules generate energy and, consequently, an increase in
temperature. The frequency of microwave radiation corresponds to the rotational
motion of molecules (figure 4), and in the condensed state, in which there is no
free rotation, the absorption of energy leads to its redistribution between mole-

cules and homogeneous heating.
Molecular rotation
| e

[ p— 3 |
e -—
Molecular motion Molecularrotation  Molecularvibrations ~ Quantum transitions of Electrans of the
the outer shell electrons inner shell
Radio waves Microwaves Infrared radiation Ultraviolet radiation X-rays

Figure 4 — Motion of molecules at different frequencies electromagnetic radiation [13]

Since the frequency of microwaves used is 2,450 MHz, and one hertz is one
oscillation per second, the megahertz is one million oscillations per second.
During one period of the wave, the field changes its direction twice, hence, the
field in which the molecules are located changes the polarity 4,900,000,000 times
per second. The change in the electrical component of the wave 4.9x10° times per
second contributes to the generation of unorganized motion of polar molecules,
which when irradiated by microwaves and produce heat [4, 5]. This heating is a
consequence of the interaction of the electrical component of the electromagnetic
wave with charged or polar particles. In the absence of an external electric field
effect, such particles have random chaotic motion or oscillate with respect to the
equilibrium state (figure SA). When an external electric field is imposed, such

40



ISSN 1813-1107 MNe 3 2018

- e - -
- s - - = +
)2 - e eeolE +
U ' - oo |=
D ’A - Sl e el *
el [ ¥ ca Y cam | IR 2
- e o = = *

A B
—
+ —_ - — = — = - - +
—= - —— ——
+ C D) E DT *) - - 40 ] -] +
o e 9P P P I=
i oS Tamss Yo e =3 - %
+ = o . =
C o2 - . ’ o
e o Yo Jams pal L - G@:’ GBJ:, - 4
- = -— 4 s D
+ - - = = +

|
|
|
l

- - - -

C D

Figure 5 — Schematic representation of interaction microwave radiation with polar particles

particles are ordered, electrostatic forces will tend to orient the dipole moments of
the molecules along the field lines (figures 5B and 5C), and if the field is ascen-
ding, their orientation will change with each oscillation (figure 5D). Thus, the
reorientation of particles, which is activated by an alternating electric field, and
causes intense internal heating.

Thus, the effect of the electromagnetic wave on the substance of the mic-
rowave band leads to a continuous reorientation of the polar molecules, due to the
continuously changing direction of the vector of the electric component of the radia-
tion, which, as a result of intermolecular interactions, leads to the release of heat.

In the case of a condensed phase in which free charged particles exist, these
particles will move in accordance with a change in the electric field and generate
an electric current. This situation is typical for metals, where electrons act as
mobile charged particles, and for solutions of electrolytes in which charge carriers
are ions. If microwave radiation is used for a phase containing polar molecules,
then these molecules will orientate themselves in the applied electric field and
reorient themselves with its oscillations. Such a motion and collisions of mole-
cules in the condensed phase will cause heating, thus conditioning «from withiny.
Another property of the microwave heating is that it does not affect nonpolar mo-
lecules and materials such as quartz, ceramics and glass that do not contain water,
Teflon, polyethylene, alkanes. This allows them to be used (quartz, ceramics,
glass, teflon) as dishes for chemical reactions, as well as (non-polar solvents) as a
specific reaction medium. As a rule, in the microwave treatment the polar sol-
vents are used, because they effectively absorbing microwave radiation.

41



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Some aspects of the theory of the microwave heating and effects of mic-
rowaves on solutions. Discussing the feature of microwave heating it should be
noted that in contrast to thermal heating when it is used there is a so-called
dielectric heating. In this case, the total heating is made up of the electrical con-
ductivity losses that occur when in a dielectric or a reaction mixture there are free
ions capable of moving in an electric field and which, when moving and colliding
with the molecules of the substance, transform some of the electrical energy into
thermal energy, as well as to relaxation losses, which are due to the orientation of
the dipole molecules in the direction of the lines of force of the electric field [10].
At the frequency that is used at 2450 MHz, the electric field strength vector
changes its direction 4.9-10° times/s. Because of it the vibrational vibrations of the
dipole moments of the molecules occur, which contributes to the transfer of some
of the energy of the electromagnetic field, and accordingly to the temperature
increase which occurs uniformly throughout volume, taking into account the
depth of penetration of microwave radiation (table 1).

Table 1 — Data on penetration depth microwave radiation (20-25 °C) [10 (p.16), 14]

Depth of penetration (cm) microwave radiation at different frequencies
Substance
433 MHz 915 MHz 2450 MHz
Water 70,5 23,4 3,5
Methanol 33,0 7,8 1,4
Glass 4600 2180 840

In the superposition of a high-frequency electromagnetic field, in addition to
dielectric polarization, atomic, electronic, and structural polarization are also
observed. The first is due to the displacement of the atoms relative to each other
because of the nonuniformity of the charge distribution, the second is due to the
displacement of electrons relative to the atomic nucleus. The contribution of
structural polarization, which is observed at the interface of inhomogeneous
media, is relatively small [9, 10].

The release of heat is observed merely when the materials have dielectric
losses during microwave irradiation. The ability of a substance to store potential
energy under the action of an electric field is characterized by a dielectric con-
stant, denoted by ¢€'. The coefficient of dielectric loss €" determines the efficiency
of conversion of electromagnetic energy into heat. The absorbed energy depends
on the defined coefficient as the tangent of the dielectric loss angle:

tand=c¢"/¢ (N

where €" is the coefficient of dielectric losses, which characterizes the efficiency
with which the energy of the electromagnetic field is converted into heat, and €' is
the dielectric constant.
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Thus, the value of the tangent of the dielectric loss angle characterizes the
ability of a given material at a fixed temperature to absorb MB radiation of a cer-
tain frequency and convert this energy into energy of thermal motion. The values
of ¢ 'and €" depend on the nature and state of the substance, the frequency of
electromagnetic radiation and temperature. Compounds that have high dielec-tric
losses are mainly polar compounds. The dielectric constants of some solvents are
given in table 2.

Table 2 — Values of the dielectric constant and coefficient
the dielectric losses of some solvents [9]

Frequency
Solvent 3-10°Hz 3-10°Hz 1-10""Hz

€' g" €' g" €' g"
Water (t=25 °C) 77,5 1,2 76,7 12,0 55,0 29,7
Aquatic NaCl (0,1 M) 76,0 59,0 75,5 18,1 54,0 30,0
Heptane 1,97 1,97 2-10 % 1,97 3107
Methanol 30,9 2,5 23,9 15,3 8,9 7,2
Ethanol 223 6,0 6,5 1,6 1,7 0,11
n-Propanol 16,0 6,7 3,7 2,5 23 0,20
n-Butanol 11,5 6,3 3,5 1,6 0,2
Ethylene glycol 39,0 6,2 12,0 12,0 7,0 5,5
Carbon tetrachloride 2,2 2,2 9-10 2,2 3-107

The rate of temperature rise due to the electric field of microwave radiation
is determined by the following equation:

drT const-a';L]E'2
dt - pC,

where f is the frequency of the radiation (Hz); E is the field strength (V/cm);
p — density of the substance (kg/cm®); C, is the heat capacity of the substance
(kJ/kg-K).

It follows from the equation that at a constant radiation frequency, the
heating rate depends on the electro-physical properties of the substance and the
power of the electromagnetic radiation.

The value of the thermal energy (Q, W/cm®), which is released per unit of
time per unit volume, can be determined from the equation (2) below, from which
it follows the amount of energy released depends on the dielectric properties of
the object, the frequency and the electric field strength [ 10]:

Q=0,055-10""¢"fE*tg 8 =0,555-10"*¢"-f-E* )
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where f is the radiation frequency, Hz; E is the intensity of the electrical compo-
nent of the electromagnetic field, V/cm, € ' is the dielectric constant, tg 6 is the
tangent of the dielectric loss angle, € " is the coefficient of dielectric losses.

The last expression shows that the amount of thermal energy released in the
material depends only on the electrical characteristics of the material and the field
parameters and does not depend on the thermal conductivity of the material. This
feature obtain the primary advantage of microwave heating, which allows to
significantly intensify the process of material heating in comparison with any
other traditional type of heating, where the main role in the heating speed is
played by thermal conductivity.

As a result of the interaction of radiation with matter, its intensity decreases
exponentially as it passes through matter. The distance from the material surface
at which the energy flux density decreases by "e" times (where, ¢ is the basis of
natural logarithms) in comparison with its value on the surface is called the depth
of penetration. The depth of penetration of the electromagnetic field into matter
decreases with increasing € ', tg J, f, and the released thermal energy increases.

Because of the decrease in the radiation intensity, the thermal power released
per unit volume of the material falls off exponentially. It is therefore natural to
expect a decrease in temperature from the surface to the center of the volume of
the material. This occurs when the depth of penetration is much less than the
thickness of the heated object. In the opposite case, when the depth of penetration
is comparable or exceeds the dimensions of the object, there is a reverse, or
inversion, temperature profile, i.e. the temperature inside the material is higher
than on the surface. This is explained by thermal radiation from the surface and
by convection cooling of the outer layers of the material with ambient air. The
volume, and not only the surface nature of the heating of the irradiated samples,
in the case of the usual thermal action, is an important feature of the action of
microwaves.

From the foregoing it follows that microwave heating has a completely dif-
ferent nature than convection heating. In the case of convection heating, diffusive
heat transfer from the coolant to the heated substance occurs. In the microwave
heating, the increase in the internal energy of a substance occurs as a result of the
dissipation in the substance itself of some part of the absorbed electromagnetic
energy. From this follows the following significant advantages and peculiarities
of microwave heating: heating occurs throughout the volume of the material, and
the thermal conductivity of the material does not play a role; the temperature
change of the heated material occurs without inertia in accordance with the
change in the input power; the possibility of dynamic temperature control during
the experiment; possibility of rapid temperature rise of the material up to the set
values; the absence of heat transfer agent eliminates the possibility of burning the
material.

An important factor to consider when using microwave heating is the thermal
and electrical strength of the object, which is the limit for increasing the strength
of the electric field. In this case, it is necessary to take into account that as the
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frequency increases, the depth of penetration of microwave radiation into the
dielectric decreases (table 1).

In the case of microwave heating of solutions, the conversion of electromag-
netic energy into thermal energy takes place due to two mechanisms: due to the
reorientation of the dipoles of the solvent in an alternating electric field and as a
result of directed migration of the dissolved ions present in the solution under the
action of an external field, that is, due to dipole polarization and ionic conduc-
tivity [10-12].

The second factor is especially important for the release of heat during mic-
rowave exposure to solutions. Its mechanism of microwave heating is associated
with conductivity effects, which can be caused by electrophoretic migration of
ions in a solution when an electromagnetic field is applied. Such migration of ions
is actually an electric current flowing through the solution. The passage of current
I through a conductor with resistance R leads to the release of heat. Moreover, the
higher the concentration and mobility of ions, the more intense the heating. lonic
conductivity is the conductive migration of dissolved ions that occurs when an
electromagnetic field is applied, which leads to a loss of 2R (where I denotes the
current intensity and R is the resistance) through the resistance to ion flow. Since
the resistance R increases with increasing temperature, and the strength of the
current carried by the ions I with increasing their concentration, both these factors
significantly affect the tangent of the losses of microwave radiation in solutions.
The contribution of the mechanism of ionic conductivity in solutions is deter-
mined by the dimensions, charges and specific electric conductivity of ions, and
also by the interaction of ions with solvent molecules. lonic conductivity depends
on the concentration, mobility of ions and temperature of the solution [11].

In the case of microwave heating of water and other solvents, in which the
degree of dissociation is low, the mechanism of dipole polarization will be the
main one. The rate of heating will depend on the initial temperature, the fre-
quency of the radiation and on the properties of the solvent, in particular its
dielectric constant. The contribution of dipole polarization or ionic conductivity is
largely determined by the temperature. For water molecules and other solvents,
the dielectric losses due to the contribution of dipole rotation decrease with
increasing temperature, and the dielectric loss due to ionic conductivity, on the
contrary, increases with increasing sample temperature [11, 15].

With thermal heating, the number of boiling points in the solution volume is
much less than that of the surface. In microwave treatment, heating is carried out
from within throughout the entire volume, as a result of which the temperature of
the solution is higher than the temperature of its environment (the walls of the
vessel and the gas phase above the surface of the solution, etc.). In addition to the
bulk thermal effect, the advantage of microwave heating is the rate at which such
heating takes place. When using microwaves, the effect of overheating is possib-
le, since the temperature, which is reached, can be higher than their theoretical
boiling point. Thus, the rate of heating of the sample using microwaves depends
on the dielectric characteristics, heat capacity, volume and power of the radiator.
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Table 3 — Boiling temperatures (T, °C) and temperatures under microwave heating

of some organic solvents of 50 ml volume after microwave for 1 minute at 560 W, 2450 MHz [9]

Conventional heating Microwave heating
Solvent Boiling temperature Heating temperature
Ty, °C Ty, °C
Water 100 81
Methanol 65 65
Ethanol 78 78
n-Propanol 97 97
n-Butanol 117 109
1-Pentanol 137 106
1-Hexanol 158 92
Dimethylformamide 153 131
Hexane 68 25
Heptane 98 26
Ethyl acetate 77 73
Chloroform 61 49
Acetone 56 56
Diethyl ether 35 32
CCly 77 28
Acetic acid 119 110

Thus, table 3 gives data on the temperature values that are reached by microwave
heating of some solvents.

The variety of factors influencing the microwave heating makes it difficult to
model this process, although the literature suggests a physical model that allows
calculations of the temperature change in an open system, analysis of the mecha-
nisms for obtaining and energy losses in solution, and theoretical aspects of mic-
rowave heating of solids [16, 12]. The review [17] discusses the theories under-
lying microwave dielectric heating and presents dielectric data for various organic
solvents used in microwave synthesis.

Areas of use of microwave treatment in organic chemistry and chemistry
of natural compounds. Microwaves have found application in various fields of
science, as shown in figure 6. As can be seen from the presented data, microwave
radiation has found the greatest application in chemistry (42.4%), chemical
engineering (14.5%) and materials science (9.3%).

The first use of microwave treatment in chemistry was described in 1975 by
Adu-Samra et al. [19] who used a microwave oven for laboratory analysis of trace
amounts of metals in biological media. Since that time, the number of scientific
publications devoted to the effects of microwaves and their use in chemistry has
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Figure 6 — Application of microwaves in various fields of science [18]

been increasing every year. Thus, according to the data of [18], there is a steady
interest of researchers in the use of microwave radiation, which is confirmed by
the number of publications presented on the histogram (figure 6).

At present, microwave radiation has found practical application in sample
preparation [11, 20], for extraction [21-34], drying of plant objects [35], thermal
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Figure 7 — Number of publications on use microwave radiation in chemistry [18]
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decomposition of plant biomass [36], in particular hydrolysis of plant biomass for
biofuel production (bioethanol), as well as for enzymatic [37] and acid hydrolysis
[38,39], pyrolysis of wood [40], delignification, for example rice hull [41] and
beech wood [42], and after the appearance of the first works on the use of micro-
wave radiation in organic synthesis, which by appeared in 1986 [43,44], intensive
studies of the influence of microwave treatment on the course of chemical reac-
tions and chemical modification of plant raw materials began. Thus, the accu-
mulated experimental material indicates the acceleration of many chemical
reactions under the action of microwave treatment: elimination, esterification,
cycloaddition, isomerization, condensation, substitution, hydrolysis, oxidation,
etc. [10, 45-51]. The reaction conditions are extremely diverse, and the final effect
depends on the nature of the process, the nature of the reacting particles, the type
of solvent and the power of the microwave radiation.

Microwave radiation is used to dry food materials, as well as plant objects.
Overview of the latest microwave technologies, including microwave drying,
heating and sterilizing fruits (bananas, apples, olives, blueberries, kiwi, straw-
berries, etc.), vegetables (potatoes, onions, beans, pumpkin, eggplant, garlic, cab-
bage, tomato, cassava, lentils, chickpeas, broccoli, brussels sprouts, cauliflower,
etc.), fish (sardine, carp, salmon, cod, etc.) and meat products (beef, etc.) are dis-
cussed in detail in [52, 53]. Data on the use of microwaves for drying grain of
wheat after its treatment with aqueous solutions of disinfectants, protective
equipment, etc. are described in [54], and the application of microwave radiation
for wood drying is presented in [55].

Hydrolysis under the influence of microwave radiation was used to synthe-
size a number of organic derivatives [56, 57], was used for the cleavage of pro-
teins in order to establish their amino acid composition [58, 59] and in the ana-
lysis of the composition of some natural compounds [59, 60]. Thus, the authors of
the study [39] used acid hydrolysis to convert carbohydrates derived from
biomass into sugars such as glucose, mannose and fructose, which are important
universal products that are easily processed into biofuel. The highest yield of
mannose (92.11%) was achieved under optimal conditions: 148 °C, 0.75 N H,SOy,
time 10 min and substrate to solvent ratio (w/v) 1: 49.69.

Hydrolysis should take into account the fact that under severe conditions
with the use of concentrated acids and increasing the temperature, the process will
promote the cleavage of most of the hydrolysable bonds in organic compounds,
which may affect the course of side processes and the destruction of the starting
compounds.

The results of studies on the microwave oxidation of individual organic
substances, such as amino acids, monosaccharides and stearic acid, whose struc-
tures are the basis of such natural compounds as proteins, carbohydrates and fats,
are reported in Refs [61, 62].

As an example of chemical modification of plant raw materials, reviews [63,
64], which describe methods for modifying polysaccharides under the action of
microwave irradiation, are given. In [65] the process of cellulose treatment with
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crosslinking reagents is presented, and the authors of the study [66] indicated the
possibility of esterification of cellulose from marine herbaceous plants Posidonia
oceanica with succinic, maleic and phthalic anhydride. The results of studies on
carboxymethylation of cellulose under the influence of microwave treatment are
summarized in the reviews [67, 68], the results on carboxymethylation of cotton
stems are presented in [69], and in the article [70] - cassava starch.

Of particular interest are papers aimed at investigating the selective extrac-
tion of organic compounds by solvents under the action of microwave radiation
[21-34]. To date, the microwave-assisted extraction (MAE) technique has been
developed to extract soluble components from plant, ecological, biological,
geological and metallic matrices. Simultaneously, technology and technology
were developed with the creation of commercial reactors for laboratory micro-
wave extraction technology both in closed reactors and in systems communicating
with the atmosphere [30, 31, 71]. Thus, in [27], methods for extracting organic
toxic substances are described, and the review [72] presents a material on the use
of microwave radiation for the separation of polychlorinated biphenyls, pesti-
cides, phenols, organometallic compounds and dioxins. Great prospects are
associated with the use of microwave extraction in the chemistry of natural
compounds to extract components of plant raw materials [29-34].
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Pesome
T. B. Xapnamosa

MHUKPOTOJIKBIHIAP CUITATTAMACEHI, COHBIMEH BIPTE
MUKPOTOJIKBIH/IBIK KbI3/IbIPY TEOPUSJIAPBIHBIH
KEHWBIP ACTIEKTIUIEPI MEH OPI' AHUKAJIBIK XUMUSIIA
KOHE TABUTFU KOCBUIBICTAP XUMUSICBIHIA
MUKPOTOJIKBIH/IBIK COVYJIEJIEHY IIH KOJIAAHBUTYbI

OciMaiK MaTepHaIIapblH KEIICHII OHICY MACEIeCi MCH OMOJIOTHSIIBIK aKTHBTI 3aT-
TapAbl aTyAbIH >KOoFapbl 3()(EKTHBTI 9iCTEpPiH jKacay XMMUs FBUIBIMBIH JaMBITYIbIH Oa-
CBIM OaFrbITTAapBIHBIH imIiHe Kipeai. Ockl mpoLecTep/l )KakcapTy YIIiH MaHbI3/bI JKaFaaibl
«OKachlJl XUMHMSD) TIPHHIMITEPIH cakTay Oonbin TaObutazabl. 1llodyna MUKpOTOIKBIHIAP
curaTTamasapbl, COHBIMEH 0ipre MHKPOTOJIKBIHIBIK KbI3JBIPY JKBUTYIIBIK KBI3IBIPY €peK-
LIETIKTEPIMEH CAJIBICTHIPMAJIbl CapanTaMachl JKOHE EpITKIIITepre MUKPOTOJIKBIHAAPIBIH
KerOip acep ety Mocemnenepi KapacThIpbuFadn. MUKPOTOIKBIHABIK COyJIEIeHAIPYIiH opra-
HUKAIBIK XHMHAAA J)KOHE TaOUFU KOCBUIBICTAp XMMHSCBIHIA MUKPOTOJIKBIHIIBIK CIyJIeie-
HYZIH KOJIIAaHBLTY aiiMaKTaphl KapacThIPbUIFaH.

TyiiiH ce3nep: MUKPOTONKBIH/IBIK COYIENSHIPY, MUKPOTOJIKBIHIAP.

Pesome
T. B. Xapnamosa

XAPAKTEPUCTUKI MUKPOBOJIH, A TAK)XKE HEKOTOPBIE ACITEKTBI
TEOPMU MUKPOBOJIHOBOI'O HATPEBA U ITPUMEHEHHNE
MUKPOBOJIHOBOI'O U3JIYUEHUS B OPTAHUYECKOM XUMUK
1 XUMUU TTIPUPOJHBIX COEJIMHEHUIA

[IpobmemMa KOMIUTEKCHOW TEepepadOTKA PACTHUTEIBHBIX MaTepHalOB W CO3JaHHE
BI)ICOKO3(1)(1)GKTI/IBHI)IX METOA0B HOJ'IyquI/Iﬂ 6I/IOHOFI/I‘-ICCKI/I AKTHUBHBIX BCUICCTB BXOJAT B
YUCJIO NPUOPUTETHBIX HAIPABJICHUN Pa3BUTHUS XMMHUYECKON HAaykd. BaxkHbIM ycioBHEM
JUJIA ynqueHI/m 3TUX l'lpOLIeCCOB SABJISACTCSA CO6_HIO}I€HI/IC l'lpI/IHIlI/Il'IOB <<3CHCHOﬁ XUMHUN)). B
0030pe paccMaTpUBAIOTCS XAPAKTCPUCTUKH MHKDPOBOJH, a TaKKE TCOPHS MHUKPOBOJI-
HOBOT'O HAarpeBa B CPaBHUTEIILHOM aHAIU3¢ C OCOOCHHOCTSMH TEIJIOBOTO HArpeBa M He-
KOTOpBIC BOIMPOCHI BJIMSHUS MUKPOBOJIH Ha PacTBOPHL. PacCMOTpPEeHBI 00JACTH HCIIOJb-
30BaHMSI MHUKPOBOJIHOBOTO HU3JIY4YEHHs] B OpPraHMYECKOM XUMHUHM M XHMHUHU MPHUPOJHBIX
COCIUHEHNH.

KiroueBbie ¢j10Ba: MUKPOBOJIIHOBOE H3ITydeHHE, MAKPOBOJHEI.
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THERMODYNAMIC PROPERTIES
OF ITTRIUM-MAGNESIUM BISMUTHITE

Abstract. The possibility of obtaining bismuthite of yttrium with an s-element in a
solid-phase method from yttrium (III) oxides, bismuth (III) and magnesium carbonate is
shown. Using X-ray diffraction analysis determined that yttrium-magnesium bismuthite
crystallizes in cubic syngony, and also the parameters of primitive cell, X-ray and
pycnometric densities. To investigate the isobaric heat capacity of the compound used
dynamic calorimetry in the interval from 298.15 to 673 K. The A-shaped jump at 473 K on
the curve of the temperature dependence of the heat capacity of the compound indicates a
second-order phase transition due to valuable electrophysical properties

Keywords: yttrium-magnesium bismuthite, calorimetry, heat capacity, second-order
phase transition, thermodynamic functions.

The study of systems consisting of alkaline-earth oxides, bismuth and rare-
earth elements is of great importance for inorganic materials science. The new
bismuthites formed in these systems can possess both original and unique
properties.

The paper presents the results of the synthesis and calorimetric study of the
heat capacity of yttrium-magnesium bismuthite. The synthesis was carried out by
a solid-phase method. The stoichiometric amounts of yttrium oxide, bismuth and
magnesium carbonate were mixed and thoroughly rubbed in an agate mortar [1].
The heat treatment of the mixture was carried out in an alundum crucible in a
selitic furnace in 3 stages in the temperature range 600 — 1200°C for 30 hours.
After each step, the mixture was blended and grinded in an agate mortar.

The formation of the equilibrium composition of the compound was moni-
tored by X-ray diffraction analysis using a DRON-2.0 setup and CuK, — radiation
filtered by a Ni-filter (U =30 kV, I = 10 mA, pulse counter scale 1000 pulses per
second, counter rotation rate 2 grad/min, rotation speed of 1000 pulses per
second, time constant T = 5 seconds, angular interval 26 from 10 to 90°). The
intensity of the diffraction peaks was estimated from the hundred-point scale. The
X-ray powder diffraction patterns of the research compound were determined by
the homology method [2].

The reliability of the results of the X-ray display indicates a satisfactory
agreement between the experimental and theoretical values of the reciprocals of
the squares of the interplanar distances (table 1).

The density of the resulting compound was determined by a pycnometric
method [3]. It is established that the compound under consideration crystallizes in
a cubic system with the following parameters of a primitive cell: a = 10.84 A,
VO=1272 A°, Z =16, Vyimit.cen = 79.5 A%, pyray = 8.06, ppyen= 7.98 g/cm’.
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Table 1 — X-ray indication of YMgBiO,

/1, d, A 10%/d%p, hkl 10%d cor.
100 3.1212 1026 222 1022
43 2.7054 1366 400 1363

6 2.0934 2292 333 2300
45 1.9141 2729 440 2726
37 1.6323 3753 622 3748

9 1.5629 4094 444 4089

1.4885 4513 641, 720 4515, 4514

5 1.3537 5457 800 5451
11 1.2429 6473 662 6474
9 1.2113 6815 840 6815

The heat capacity of the synthesized substance was investigated on a serial
ITC-400 calorimeter [4, 5]. From the experimental values, the molar heat capa-

cities of YMgBiO4 were calculated (table 2).

Table 2 — Experimental values of the heat capacities YMgBiO,

0

T, K C, 6 ,J(gK) C) £ A, J(mol-K)
298.15 0.2063 = 0.0064 80+7
323 0.2527 + 0.0055 98 + 6
348 0.2931 + 0.0087 11349
373 03121 + 0.0055 120+ 6
398 0.3293 + 0.0075 127 +8
423 0.3416 + 0.0069 132+7
448 0.4010 + 0.0086 156+ 9
473 0.4582 + 0.0072 177+8
498 0.4036 + 0.0121 156+ 13
523 0.3781 + 0.0099 146+ 11
548 03736 + 0.0119 144+ 13
573 0.3689+0.0067 142 +7
598 0.37070.0097 143 = 10
623 0.3790-+£0.0062 146 +7
648 0.3844+0.0087 148+ 9
673 0.3908+0.0103 151+ 11
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When researching the dependence of the heat capacity of YMgBiO, on the
temperature at 473 K, a sharp anomalous jump was observed, probably connected
with a second-order phase transition. These transitions can be associated with
cation redistributions, with changes in the coefficients of thermal expansion and
changes in the magnetic moments of the synthesized compound. In connection

with the presence of a phase transition, the dependence C 2 ~ f(T') was described
by several equations (table 3).

Table 3 — Equations of the temperature dependence of the heat capacities YMgBiO,
in the interval 298.15 — 673K

AT, The coefficients of equation Cg =a+bT +cT™ , J/(mol-K)
K a b-10° ¢10°
298 —473 -101.25 £ 6.65 581.78 £38.20 6.70 + 0.44
473 -573 -332.53+21.84 515.83 £33.90 590.00 £ 38.80
573 -673 -133.87 +8.79 319.95+21.02 310.00 £+ 20.40

Table 4 — Thermodynamic functions of yttrium-magnesium bismuthite

0

? C)(T)+A, SO(T)iX, HO(T)—H°(298,15)12, @‘*“(T)iz,
J/(mol-K) J/(mol-K) J/mol J/(mol-K)
298.15 80+5 147 + 4 - 147 +4
300 8145 147 + 14 160 + 10 147 + 14
325 94+6 154+ 15 2350 + 150 147 + 14
350 108 +7 162+ 15 4870 + 320 148 + 14
375 12248 170 £ 16 7740 510 149 + 14
400 136 £9 178 + 17 10960 + 720 151+ 14
425 150 + 10 187+ 18 14520 + 950 152+ 14
450 164+ 11 196 + 19 18440 + 1210 155+ 15
475 178 + 12 205 + 20 22720 + 1490 15715
500 161 10 213420 26900 + 1770 160 + 15
525 152+ 10 221 +21 30820 + 2020 162 + 15
550 146 +9 228 +22 34540 + 2270 165+ 16
575 14249 234422 38150 +2510 168 +26
600 144 +9 241 +23 41750 + 2740 171 £ 16
625 145+9 246 +23 45370 + 2980 174 17
650 147+ 10 252 + 24 49030 + 3220 177 £17
675 150 + 10 258 25 52740 + 3470 180 17
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Based on the known relationships and the values of the coefficients, the
thermodynamic functions S°(T), H°(T) — H°(298.15) u ®*(T). were calculated
from the equations for the temperature dependence on the heat capacity of the
compound in question. The obtained results are given in table 4. For all values of
the heat capacity and enthalpy, the average random components of the error were
estimated over the whole temperature range, and for entropy values and the
reduced thermodynamic potential, the accuracy of calculating the entropy (+ 3%)
is included in the error estimate.

The results are of definite theoretical and practical interest for the directed
synthesis of compounds with valuable physicochemical properties.
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Pe3lome
A. T. Jlocexeesa, A. T. Kezouxbaesa, K. K. Kymacanosa
TEPMOJJMHAMUWYECKHUE CBOMCTBA BUCMYTUTA UTTPUSI-MATHUS

TBepaodasHbM croco6oM MONMy4YeH ABOHHON BUCMYTHT HTTpHA-Maruus. Pe3yib-
TaThl PEHTreHO(}a30BOro aHaiM3a IOKa3bIBAIOT, YTO COCIMHEHHE KPHCTAaJUIU3yeTcs B
Kybudeckoii curronmu. [lapameTps! snemMenTapHoi sueiiku: a = 10.84 A, V0= 1272 A%,
Z =16, V., suciicu = 79.5 A3, Pperr = 8.06, Pr = 7.98 r/em’. MeTooM JMHAMHUYECKOH
KaJOPUMETPUH HCCiIeZoBaHa n300apHas TEINIOEMKOCTh BHCMYTHTA, HA OCHOBE KOTOPOH
BbIBEJICHBl ypaBHeHUs 3aBucuMmocTH C,°~f(T) u ompeneneHsl TepMOAMHAMHYECKHE
(byHKIHH.

KnroueBble cjl0Ba: BUCMYTUT MTTPHUS-Marius, KaJIOPHMETPHS, TETUIOEMKOCTh, (a-
30BbI Tiepexon 1l poxa, TepMoarHAMIYECKHE (DYHKITHH.

Pe3rome
A. T [Tiocekeesa, A. T. Ke3ouxbaesa, K. JK. Kymawcanosa
UTTPUU-MATHUNA BUCMYTUTTIH TEPMOJNHAMUKAJIBIK KACUETTEPI

Kattel azanbik cuHTE3 9MiCiMEH MTTPUI-MarHWii BUCMYTHTI aiblHABL. Pentrenda-
3aJBIK aHaJM3 HOTWXKelepl OOHMbIHIIA >KaHa KOCHUIBIC KyOTHI CHHIOHHSIA KpHCTalia-
HATBIHBI AHBIKTAIIBL. DJIEMEHTApIbl YANIBIK napameTpiepi: a = 10.84 A, V0= 1272 A,
Z =16, Voyyaum = 79.5 A3, Pperrrr = 8.00, Pryer = 7.98 r/em’. JImHAMUKAaIBIK KaJOPHAMETPHUS
oliciMeH BUCMYTHTTIH M300apalblK sKbUTYCBIABIMABLIBIFEL 3epTTenin, C,° ~ f(T) Toyenni-
JIKTIH TEHACYJIEP] MIBIFAPbUIBIT, TEPMOJINHAMHUKAIIBIK (DYHKIHMSIIAPHI aHBIKTAJIBL.

Tyiiin ce3mep: UTTpUil-MarHuii BUCMYTHUTI, KaJIOPUMETPUSI, KBUTYCHIHBIMIBLIBIK,
I TekTi Qazaipik aybicy, TEPMOANHAMHUKAIBIK (QYHKIHSIIAP.
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CATALYTIC PROPERTIES OF MODIFIED
IRON-CHROMIUM-POTASSIUM SYSTEMS
IN THE THERMOCATALYTIC DEHYDROGENATION
OF ETHYLBENZENE

Abstract. The comparison of the efficiency of iron oxide catalytic systems modified
with additions of cerium and zirconium oxides in the dehydrogenation of ethylbenzene to
styrene was considered. According to the yield of the desired product (styrene), cerium-
and zirconium-containing contacts exceed the unmodified Fe-K-Cr-O catalyst. Styrene is
obtained about the yield of 79 % at 630 °C, ethylbenzene load of 150 g per liter of catalyst
per hour and a molar ratio of water:ethylbenzene = 17,4.

Key words: dehydrogenation, ethylbenzene, styrene, catalysts.

Introduction. Styrene is one of the most important petrochemical product,
which use as raw material for polymer production (polystyrene, synthetic rubber)
and copolymers (impact-resistant polystyrene based on acrylonitrile and bu-
tadiene). The styrene production is a large-tonnage, the volume of styrene
production is over 30 million tons per year [1]. There has been a recovery in
styrene production in Russia over the last three years. In 2017, Russia produced
69 1748 tons of styrene [2], which is 1.3% more than the previous year.

About 90 % of the world styrene production (ST) is realized by the dehyd-
rogenation of ethylbenzene (EB). The process is carried out at the presence of an
iron oxide catalyst in the gas phase at 580-630 °C. The producers of iron oxide
catalysts in Russia are OJSC "Kauchuk" (Sterlitamak), OJSC "SRI Yarsintez"
(Yaroslavl) and OJSC "Nizhnekamskneftekhim", and foreing overseas — compa-
nies such as Shell, Sud Chemie, BASF and others [3,4]. The main component of
all catalysts of the listed companies is iron oxide, promoted by compounds of
alkali, alkaline-earth, transition and rare-ecarth metals. The efficiency of the
catalyst depends on the content and nature of the catalytically active component,
the presence of modifying additives and the technology for manufacturing the
catalyst.

Additives to iron oxide take a special role in the formation of the catalysts
properties. For example, in its work D.V. Kachalov [5] showed that the com-
pounds of cerium and molybdenum significantly increase the electron-exchange
rate, etween of Fe*'/Fe’*, thereby contributing to the oxidation-reduction mecha-
nism of catalysis. When studying the influence of cerium oxide on the formation
of the active phase, it was noted by Dementieva E.V. that cerium oxide interferes
with the formation of potassium polyferrites, and in the topochemical reaction of
hematite with potassium carbonate, potassium monoferrites are mainly formed.
The author assumes that the introduction of cerium compounds leads to the
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dispersion of the polyferritic phase and the secondary particles (agglomerates) of
the catalyst, accompanied by an increase of the specific surface [6]. The authors
of the work [7] showed that the modification of aluminum oxide with additives of
ZrO, and/or CeO, resulted in a significant increase in the activity of Cr-containing
catalysts.

A.A. Emekeyev with contributors [8] investigated the effect of iron oxide
compounds, as well as alkali metals, rare-earth elements and transition metals
with several common oxidation states on the catalytic activity in the ethylbenzene
dehydrogenation reaction to styrene. The introduction of cerium or molybdenum
compounds into the catalyst composition leads to an increase in the selectivity of
the process up to 88.0-90.7 % and a relatively small increase in the conversion of
ethylbenzene with the iron- cerium-oxide (Fe-Ce-O) system.

Analysis of literature data showed that, despite the fact that iron oxide
contacts have long been used in industry, research continues on the nature of their
catalytic activity and the effect of promoters on activity.

This article is devoted the development of modified iron oxide catalysts for
dehydrogenation of ethylbenzene in order to improve their catalytic properties.

EXPERIMENTAL PART

Experimental researches of catalytic dehydrogenation ethylbenzene (EB)
were carried out on a flow reactor with a fixed-bed catalyst at the presence of
water vapor.

In our work we used freshly distilled ethylbenzene (boiling temperature 136
°C), obtained at the Aktau Plastics Plant by catalytic alkylation of benzene with
ethylene. Experiments of dehydrogenation ethylbenzene were carried out on the
flow reactor (300 mm in length and an internal diameter of 8 mm). The catalysts
were prepared by mixing the calculated amounts of iron oxides, chromium (III)
and potassium carbonate, which had been pre-ground thoroughly in a mortar.
The resulting charge was compressed into tablets, which were dried for 2 hours at
150 °C and calcined at 800 °C for 2 hours. The calcined tablets were ground to
particles of 1-3 mm in size. 10 ml of catalyst was charged into the reactor.

To test the synthesized catalysts, the operating mode of the K-24 catalyst
used in industry was adopted as a basis.

Turning on the nitrogen supply (20L'h™), heating furnace and evaporator, at
350 °C, water is supplied to the evaporator at rate of 174 gh'. The nitrogen
supply is stopped. The reactor is heated to 650 °C and the catalyst is maintained
in a stream of steam for 2 hours. At the end of the exposure, the temperature is
lowered to 550 °C and the ethylbenzene supply starts at a rate of 10-14 gh™'. After
30 minutes the supply is increased to 24-30 gh™', the temperature - up to 570 °C.
After another 60 minutes the supply is increased to 40 gh™ and the temperature -
up to 600 °C. The catalyst test is started after 120 minutes.

The reaction products were captured in scrubbers of airlift type irrigated with
acetone. Gas chromatographic analysis of the reaction products were carried out
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by chromatograph "Color-106" with a flame ionization detector; a glass column
1000 x 4 mm in size, filled with a fixed phase of 25% PEGA + 2% H3;PO,4 on an
INZ-600 carrier. Gas carrier- Argon, and column temperature is 90 °C.

RESULTS AND DISCUSSION

The process of thermocatalytic dehydrogenation of ethylbenzene to styrene is
widely considered in the literature, and a lot of catalysts are described. One of the
main component is Fe,O;, which initial presence is 55-85 %. However, in many
cases, the conversion of the initial product is only 50-75 %. According to this, the
search for the new efficient catalytic systems continues.

Catalytic activity and selectivity of dehydrogenation catalysts are due to their
chemical composition, crystal lattice structure and surface size.

The active components of iron-oxide systems in the dehydrogenation reac-
tion are potassium ferrites, which formation occurs during the preparation and
activation of the catalyst.

It is possible to change the catalyst properties at various stages of preparation
in order to create highly effective connections.

In chemical technology the technological conditions of the process are of
great importance, therefore, the dependence of the EB conversion, the styrene
(ST) yield and the selectivity of its formation on the dehydrogenation tempe-
rature, the supply rate of EB and the ratio of dilution on the dehydrogenation
process have been studied.

There are side processes in the process of dehydrogenation of ethylbenzene
along with the main reaction, such as: coking, isomerization and cracking. Crac-
king and isomerization reduce the selectivity of the process, and coking has an
effect on catalyst deactivation. If we want the catalyst work for a longer-term
period, it is necessary to carry out periodic oxidative regeneration, as a result of
which coke is burnt off from the catalyst surface.

Initially, a triple Fe-Cr-K-oxide system of 85 % Fe,03-10 % K,0-5 % Cr,0s,
which is the basis of industrial catalysts, was tested in the thermocatalytic de-
hydrogenation of ethylbenzene. The conversion of ethylbenzene on this sample at
600 °C was 87.2 %, at the maximum yield of styrene 72 %.

Further, the catalytic activity of iron-chromium-potassium catalysts modified
with additives of zirconium and aluminum oxides were investigated. When testing
catalyst samples, the ethylbenzene supply rate was 153 g., water - 450 g. per 1 It.
of catalyst per an hour, which corresponded to a molar ratio of ethylbenzene:
H,0O = 1:17.4. Dehydrogenation of ethylbenzene was carried out at the range tem-
perature from 550 to 650 °C. The obtained results showed that the introduction of
zirconium dioxide and aluminum oxide in the compound of iron-chromium-
potassium catalyst increased its catalytic activity: an increase in the conversion of
the initial product up to 94% was observed. Styrene was obtained with the highest
yield (69-72 %) on the unmodified Fe-Cr-K-O catalyst prepared by the dry oxide
tableting method. On the catalyst with the addition of zirconium dioxide, the yield
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Influence of temperature on conversion of ethylbenzene (A), yield (B) and
selectivity of styrene formation (C) on modified catalysts.

The supply rate of ethylbenzene - 1.53 g, water - 4.5 g., nitrogen 12.4 L. per hour. The molar
ratio of ethylbenzene:H,O = 1: 17.4. Catalysts:1- 85 % Fe,O; -10 % K,0 - 5 % Cr,0;; 2 - 45,87 %
Fe,0; - 20,29 % K0 - 5,46 % Cr,0; - 6,53 % V,05 -12,36 % CeOy; 3 — 47,54 % Fe, 05 - 21,03 %
K0 - 5,66 % Cr,05 - 6,77 % V5,05 - 9,17 % ZrO,.
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of styrene at 600 °C reached 69 %, andat the somtime it was 42-46 % on the iron-
chromium-potassium catalyst modified with aluminum oxide.

Next step is that catalyst samples containing vanadium pentoxide were syn-
thesized by the method of mixing dry components. The number of main com-
ponents varied within the limits: Fe,O3 - 45-85 %, K,0 - 10-21 %, Cr,0; - 5-6 %,
V,0s5 - 6.5-6.8 %. Additionally, cerium and zirconium oxides were introduced in
these catalysts. Influence of the temperature, contacting time and amount of
nitrogen and water vapor supplied to the catalysis zone on the yield of the main
reaction products (styrene, toluene, benzene, unreacted ethylbenzene) were
studied.

As part of experimental studies it was found that the dehydrogenation of EB
on catalysts modified with cerium and zirconium oxides in the presence of water,
the general regularities of the influence of dehydrogenation conditions on the
process parameters are preserved, while achieving a higher yield of ST at the
temperature of the dehydrogenation process - 630 °C. The figure shows the de-
pendence of the conversion of the initial ethylbenzene, the yield and the selec-
tivity of the desired product formation versus of temperature on Fe-Cr-K-V-Ce-O
and Fe-Cr-K-V-Zr-O contact. The maximum conversion of ethylbenzene has been
achieved on a Fe-Cr-K-V-Zr-O catalyst and was 97 % at 650 °C. As it is seen
from the figure that on both tested catalysts styrene was obtained about yield of
79 % at 630 °C, ethylbenzene load of 150 g. per liter of catalyst per hour and a
molar ratio of water:ethylbenzene = 17.4.

Conclusion. The obtained results indicate that these catalysts are sufficiently
effective for thermocatalytic dehydrogenation of ethylbenzene to styrene. Appa-
rently, the additions of zirconium and cerium oxides influence the formation of
potassium ferrites, determining the activity of the tested catalytic systems in the
ethylbenzene dehydrogenation reaction. Adding vanadium and/or cerium, zir-
conium oxides to the three-component Fe-K-Cr-O catalyst resulted in an increase
in the yield of styrene from 72 to 79 %. The selectivity of styrene formation on
the iron-oxide catalyst modified by ZrO, in the temperature range of 550-600 °C
was 85.6-83.5 %, and on Fe-Cr-K-V-Ce-O connection - 86-87 % (600-630 °C).
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COMPARISON OF ETHYL ALCOHOL AND NITRIC ACID
AS DESORBENTS FOR LANTHANUM IONS FROM MATRIX
OF RARE-CROSSLINKED POLYMER HYDROGELS
OF ACID AND BASIC NATURE

Abstract. Desorption process of lanthanum ions by 95 ethyl alcohol and 2M
nitric acid from matrix of polymer hydrogels of polyacrylic acid (hPAA), polymethacrylic
acid (hPMAA), poly-4-vinylpyridine (hP4VP), poly-2-methyl-5-vinylpyridine
(hP2M5VP) was studied. For desorption hydrogels in the ratio: 33%hPAA:67%hP4VP,
17%hPMAA:83%hP4VP, 67%hPAA:33%hP2M5VP and 50%hPMAA:50%hP2M5VP
were taken. Extraction degree of lanthanum ions at these ratios after 48 hours is 94.05;
90.34; 91.09; 89.65 respectively. Total desorption degree with ethyl alcohol is( %) 85.46;
82.26; 80/17; 77.27 respectively. Total desorption degree by nitric acid is( %) 96.27;
94.43; 92.55; 93.09 respectively. Such difference is due to the nature of the desorbents (as
known, ethyl alcohol is a polar organic solvent, nitric acid — strong mineral acid).

Key words: intergel systems, desorption, La’" ions, hydrogels, polyacrylic acid,
polymethacrylic acid, poly-4-vinylpyridine, poly-2-methyl-5-vinylpyridine.

Introdaction. Previous studies were devoted to investigation of sorption
properties of intergel systems based on rare-crosslinked hydrogels in relation to
ions of rare-earth metals [1-9]. In result of these studies it was found that there is
significant increase of sorption properties of initial macromolecules due to their
mutual activation. Sorption properties increase on 25-30% comparatively to
individual hydrogels.

For desorption of lanthanum ions after its sorption by ion-exchangers polar
organic compounds and mineral acids can be used [10, 11].

The goal of this work is study desorption properties of ethyl alcohol and
nitric acid in relation to lanthanum ions.

EXPERIMENTAL PART

Equipment. Measurements of optical density of solutions for further calcu-
lation of La’'ions concentration were carried out by spectrophotometer Jen-
way-6305 (UK).

Materials. Studies carried out in 95% solution of ethyl alcohol and 2M
solution of nitric acid. Hydrogels of polyacrylic (PAA) and polymethacrylic
(PMAA) acids were synthetized at the presence of crosslinking agent N,N-
methylene-bis-acrylamide and redox system K,S,0s—Na,S,03. Hydrogel of poly-
4-vinylpyridine (hP4VP) was synthetized by “Sigma Aldrich” company (2% of
crosslinking agent). Hydrogel of poly-2-methyl-5-vinylpyridine was synthetized
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in medium of dimethylformamide at the presence of crosslinking agent epi-
chlorohydrine. From synthetized hydrogels intergel pairs were created. Swelling
degrees of the hydrogels are: aupaa=27.93 g/g, onpman=20.65 g/g; owpave=3.27 g/g,
and a(hp2M5vp):3 .20 g/g

Experiment. Experiments were carried out at a room temperature. Study of
desorption of lanthanum ions was made as follows: calculated amount of each
hydrogel in dry initial state were put in special glass filters, pores of which is
permeable for low-molecular ions and molecules, but impermeable for hydrogels
dispersion. After that intergel pairs in the relation 33%hPAA:67%hP4VP,
17%hPMAA:83%hP4VP, 67%hPAA:33%hP2M5VP, 50%hPMAA:50%hP2M5VP
were put into 0.005M solution of lanthanum nitrate and were left for sorption
during 48 hours. After that filters with hydrogels undergo desorption by ethyl
alcohol and nitric acid for separating from each other.

Methodology of determination lanthanum ions. Determination of lanthanum
ions in solution is based on formation of colored complex compound of organic
analytical reagent arsenazo Il with ions of rare-earth metals [12].

Lanthanum ions extraction degree was calculated in accordance following
equation:

_ Cinitial ~ Cresidual 100%
Cinitial
where Cinia — initial concentration of lanthanum in solution, g/L; Ciesiguar 18
residual concentration of lanthanum in solution, g/L.
Desorption degree of lanthanum ions was calculated by formula:

R = Mgesorbed .100%

Mgorbed
where Myesorpeq 1S Mass of desorbed lanthanum, g; mgmeq 15 mass of sorbed lan-
thanum, g.

RESULTS AND DISCUSSION

For desorption of the rare-earth element, which was sorbed in a form of hyd-
rophobic complex, strong mineral acids or polar organic solvents can be used. For
the desorption the hydrogels from the following ratios 33%hPAA:67%hP4VP,
17%hPMAA:83%hP4VP, 67%hPAA:33%hP2M5VP, 50%hPMAA:50%hP2M5VP
were taken. Extraction degree of lanthanum ions at these ratios after 48 hours is
94.05%; 90.34%; 91.09%; 89.65%.

Features of lanthanum ions desorption by ethyl alcohol. Dependence of
lanthanum ions desorption degree by ethyl alcohol from matrix of hydrogels of
polyacrylic acid and poly-4-vinylpyridine from time is presented on figure 1.
Strong increase of the metal ions desorption is observed during 6 hours as for acid
as for basic hydrogels. After this time desorption degree is 47.64% for hPAA and
15.52% for hP4VP.
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Figure 1 — Dependence of lanthanum ions desorption degree versus of duration of the time
by ethyl alcohol from PAA and P4VP hydrogels from time

Further increase of lanthanum ions desorption degree is not so intensive,
after 24 hours of interaction of the hydrogels with elthyl alcohol desorption
degree from hPAA is 59.92%, from hP4VP — 24.46%. Consequent interaction of
the hydrogels with the desorbent provides slight increase of lanthanum ions
concentration in solution, what indicates that equilibrium is almost achieved.
Total desorption degree from matrix of both hydrogels at 48 hours is 85.46%.

Figure 2 represents dependence on desorption degree of lanthanum ions
versus duration by ethyl alcohol from matrix of hPMAA and hP4VP from time.
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Figure 2 — Dependence of lanthanum ions desorption degree versus of duration of the time
by ethyl alcohol from PMAA and P4VP hydrogels
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Overwhelming majority of lanthanum is released during 6 hours. Obtained results
show that better part of lanthanum during its sorption was sorbed by the polyacid.
Further desorption occurs more slightly for both hydrogels. Total desorption
degree at 48 hours is 82.26%.

Curves of dependence of lanthanum desorption by ethyl alcohol from time
from matrix of hydrogels of polyacrylic acid and poly-2-methyl-5-vinylpyridine
are presented on figure 3. As seen from the figure, the most of lanthanum was
sorbed by the polyacid. Strong increase of desorption degree is observed during
6 hours, at this time 50.20% of lanthanum is desorbed from hPAA, 13.44% —
from hP2MS5VP. After 2 days (48 hours) total desorption degree of lanthanum is
80.17%.
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304
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Figure 3 — Dependence on lanthanum ions desorption degree versus of duration of the time
by ethyl alcohol from PAA and P2MS5VP hydrogels from time

Figure 4 represents dependence of lanthanum desorption by ethyl alcohol
from time. Similarly to previous cases (fig. 1-3), intensive desorption occurs
during 6 hours, at this time 31.58% of the metal is desorbed from hPMAA,
17.83% — from hP2M5VP. Total desorption degree of lanthanum ions from
hPMAA and hP2MS5VP after 2 days is 77.27%.

Comparative analysis of total desorption degree of lanthanum ions by ethyl
alcohol from hydrogels of PAA, PMAA, P4AVP and P2M5VP at 48 hours is pre-
sented in table 1.

As seen from the obtained data, are represented in table 1 not high
(~77-85%) desorption degree is in direct dependence from the nature of the
desorbent (as known, ethyl alcohol is polar solvent). Due to this fact not full de-
sorption of lanthanum ions from hydrogels matrix occurs.

Features of lanthanum ions desorption by nitric acid. Dependence on lan-
thanum ions desorption degree by nitric acid from matrix of polymer hydrogels of
polyacrylic acid and poly-4-vinylpyridine is shown on figure 5.
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Figure 4 — Dependence on lanthanum ions desorption degree versus of duration of time
by ethyl alcohol from PMAA and P2MS5VP hydrogels

Table 1 — Total desorption degree of lanthanum ions by ethyl alcohol from intergel systems

Intergel system

hPAA-hP4VP | hPMAA-hP4VP

hPAA-hP2M5VP

hPMAA-hP2M5VP

Hydrogels ratio

33%hPAA: 17%hPMAA:
67%hP4VP 83%hP4VP

67%hPAA:
33%hP2M5VP

50%hPMAA:
50%hP2M5VP

Total desorption
degree, %

85.46 82.26

80.17

71727
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Figure 5 — Dependence on lanthanum ions desorption degree versus of duration of time
by nitric acid from PAA and P4VP hydrogels
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The most intensive desorption occurs at first 6 hours: at this time 52.70% of
lanthanum is desorbed from hPAA, 21.56% — from hP4VP. Subsequent desorp-
tion provide increase of the parameter, at 24 hours 63.41% of the metal is released
from hPAA and 27.75% — from hP4VP. Further increase is very slight, what
indicates that system is almost reaches equilibrium state. Total desorption degree
from the polymers at 48 hours is 96.27%.

Desorption process of lanthanum ions from polymer hydrogels of polyme-
thacrylic acid and poly-4-vinylpyridine in time is presented on figure 6. Similarly
to the previous system (figure 5), first six hours — area of high desorption of lan-
thanum ions from the macromolecules during their contact with desorbing agent.
From all amount of sorbed lanthanum 36.55% is released from hydrogel of PMAA
and 20.96% is released from hydrogel of PAVP. After end of the experiment (48
hours) total desorption degree from the macromolecules is 94.43%.
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Figure 6 — Dependence on lanthanum ions desorption degree versus of duration of time
by nitric acid from PMAA and P4VP hydrogels

Figure 7 represents dependence of desorption degree of lanthanum ions by
nitric acid from matrix of the hydrogels of PAA and P2M5VP from time. After
6 hours after beginning of interaction of the desorbent with the hydrogels there is
a release of main amount of lanthanum. As seen from the figure, polyacid sorbes
2 times more lanthanum than polybasis. Total desorption degree of lanthanum
from hydrogels of PMAA and P4VP is 92.55% at 48 hours.

As seen from figure 8, intensive desorption is observed during 24 hours.
During 6 first hours 31.94% of lanthanum is desorbed from hPMAA and 20.04%
from hP2MS5VP. Total desorption degree is 93.09% for 48 hours.
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Figure 7 — Dependence on lanthanum ions desorption degree versus duration of time
by nitric acid from PAA and P2M5VP hydrogels
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Figure 8 — Dependence of lanthanum ions desorption degree by nitric acid
from PMAA and P2MS5VP hydrogels from time

Table 2 shows comparison of total desorption degree of lanthanum ions by
nitric acid from hydrogels of PAA, PMAA, P4VP and P2M5VP at 48 hours.
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Table 2 — Total desorption degree of lanthanum by nitric acid from intergel systems

Intergel system | hPAA-hP4VP | hPMAA-hP4VP | hPAA-hP2M5VP | hPMAA-hP2M5VP
Hvdroscls raio | 33%MPAAT | 17%hPMAA: 67%hPAA: 50%hPMAA:
ydrog 67%hP4VP 83%hP4VP 33%hP2M5VP | 50%hP2MSVP
g‘)tal desorption 96.27 94.43 92.55 93.09

egree, %

The obtained results indicate that nitric acid, being a strong mineral acid,
interacts sufficiently with polymer hydrogels, what is evidenced by higher (~92-
96%) desorption degree comparatively with ethyl alcohol.

Conclusions.

1. Obtained results point to the fact, that 95% ethyl alcohol and 2M nitric
acid can be used for desorption of lanthanum ions from PAA, PMAA, P4VP,
P2M5VP polymer hydrogels matrix.

2. Desorption degree of lanthanum ions from polymer hydrogels matrix by
ethyl alcohol do not have high values (not more than 85%) what is due to nature
of polar solvent.

3. High values of desorption degree are achieved at desorption of the metal
by nitric acid. Due to the fact that mineral acid is strong by its nature, and desorp-
tion degree have high (over 95%) values.
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Pe3rome
T. K. ’Kymaoinos, P. I'. Konoaypos

TABUTU HET'T3/IIK )KOHE KbIIIKBUIABIK CUPEK TOPJIAHFAH
I'MAPOT'EJIb MATPULIACBIHAH JIAHTAH MOHJAAPBIH JECOPBLIUAIAY TA
OTUII CITMPTI MEH A30T KbIIIKBIJIBIH AECOPEEHT PETIHAE CAJIBICTBIPY

Monunakpun keimksuisl (ITAKr), nomumerakpun kpikbuisl (IIMAKT), nonu-4-pu-
nunmmupuauH (IT4BIIr) sxone nomm-2-metni-5-suammmupuaud (I12MSBIIr) rugporense-
PIiHIH TOTMMEPITIK MaTPUIIACBIHAH JaHTaH UOHBIH 95% 3TaHonma skoHe 2M a30T KBIIIKbI-
JBIHAA JlecopOumsuiay mporeci kyprizinni. JecopOnusinay ymriH wHTEprenai sxyhere-
piHzmeri Tmaporembaep MbIHamal KarbiHacTapia ansHAB:  33%I1AKr:67%I14BIIr,
17%IIMAKTr:83%I14BIIr, 67%I1AKr:33%I12M5BIIr, 50%IIMAKr:50%I12M5BIIr.
Ocrl kaTeiHAcTapaa 48 caraTThIK JecOopOUMsSAaH KeHiHTi JaHTaH WOHAApHIH Oelim amy
mopexeci kenecigeit: 94,05; 90,34; 91,09; 89,65%: Dtun cnupTiHACTI IECOPOIUSHBIH
anmel Oemin amy mopeskeci 85,46; 82,26; 80,17; 77,27% xypaiapl. A30T KBIIIKBI-
JIBIHIAFBI JIECOPOLMSAHBIH JKaNmbel Oeiinm ainy mopexeci 96,27; 94,43; 92,55; 93,09%
Kypaiinel. ByHpail albpManibuiblK JecOpOEHTTEpAIH TaOMFATHIHBIH EpeKIIeNIiKTepiHe
GaiinaHpICThl (OENTiNl, STHUJI CIUPTI — MOJSPIBIK OPraHUKAJIBIK E€PITKILI, ajll a30T KbIII-
KBUTBI - KYIITI MUHEPAJIIBI KBIITKBLUIB) OOJIBIT TaA0BLTATHL.

Tyiiin ce3mep: mnTeprenni xyiie, necopouus, La®" HOHApHI, rHAPOTeNH, MOTHAK-
PHIT KBIIIKBIIBL, TIOJIMMETaKPUIT KBIIIKBUIBI, TOIH-4-BUHIWITUPHINH, MTOJIH-2-METHII-5-BU-
HUIIHPHIVH.
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Pesome
T. K. IPicymaounos, P. I'. Konoaypos

CPABHEHUE 3THUJIOBOI'O CITMPTA Y A3OTHOI KUCJIOThI
B KAYECTBE JIECOPEEHTOB J1JI1 MOHOB JIAHTAHA
U3 MATPUIIbI PEJIKOCIINTBIX TOJMMEPHBIX I'MIPOTEJIEI
KHCJIOTHOM U OCHOBHOM ITPUPO/IbI

Hccnenoran nporecc aecopOIu MOHOB JlaHTaHa 95% STHIIOBBIM cupTOM U 2M
A30THOM KHUCIIOTOH M3 MaTpulbl MOJIMMEPHBIX THIPOTeNield IMOJHaKPHIOBOH KHCIIOTHI
(rlTAK), momumerakpunioBoit kucnotsl (rIIMAK), nonu-4-sunminupuanna (rI14BIT) n
noJu-2-mMetuin-5-suHuinnupuanta (rlI2MSBIT). Jlnst necopOumu ObUTM B3SATHI CIEyIO-
II1e COOTHOLIEHHsA ruaporeneil B uHTepreneBelx cucteMax 33%rIIAK:67%rII4BII,
17%rIIMAK:83%rII4BII, 67%rITAK:33%rII2MSBII,  50%rIIMAK:50%rI12M5BII.
CrerieHp W3BJICYCHUS] MOHOB JIAHTaHA TIPH 3THX COOTHOLICHUSX IO HMCTEYCHUH 48 |
cocraBmsger 94,05; 90,34; 91,09; 89,65%. CymmapHasi CTeNeHb IeCOPOIUH ATHIOBBIM
cupToM cocTaBisieT 85,46; 82,26; 80,17; 77,27%. CymmapHas cTENeHb IeCOPOITHH a30T-
HOM KUCJIOTON cocTaBisieT 96,27; 94,43; 92,55; 93,09%. ITomobHas pa3znuiia o0ycioBieHa
IpUPOAOH NecOpOEHTOB (KaK HM3BECTHO, STHJIOBBIA CIUPT — MOJSPHBIA OpraHMYECKHH
pacTBOPUTENH, a30THAS KUCIIOTA — CHIIbHAS MUHEpaJIbHAas KUCIIOTA).

KiloueBble CJ10BAa: MHTEPreeBbIC CHCTEMBI, aecopbuus, uoHsl La’’, ruaporenn,
MOJIMaKPHIIOBasi KUCIJIOTA, MOJIMMETAKPHUIIOBas KHCIIOTa, MOJIH-4-BUHWITUPUANH, TIOJIH-2-
METHII-5-BUHWIMTHPHIUH.
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SYNTHESIS DIACETYLENIC GLYCOLS BASED ON
1,5-DI(PROP-2-INILOXY)NAPHTHALINE

Abstract. Conditions of synthesis of new potentially biologically active diacetylenic
glycols were developed. The reaction of nucleophilic addition 1,5-di (prop-2-ynylo-
xy)naphthalene at the carbonyl group of the cyclic ketones (cyclohexanone and N-substi-
tuted piperidones) was studied. Structure of new compounds were established based on
the analysis by ' H and * C NMR spectral data.

Keywords: 1,5-di(prop-2-ynyloxy)naphthalene, ethynylation, diacetylenic glycols,
cyclohexanone, N-substituted piperidones.

Introduction. At the beginning of the 20-th century A. E. Favorsky showed
that in the presence of strong bases the carbonyl compounds react with acetylene
and its monosubstituted derivatives formed the corresponding acetylenic alcohols.
The ethynylation reaction successfully used such strong bases such as hydroxides
of K, Na, Rb, Mg, alkaline amides and alkaline earth metal alkoxides, and qua-
ternary ammonium ion exchange resins [1]. The condensation of ketones with
acetylenes are widely used for the synthesis of structurally simplest acetylenic
alcoholic of complex analogues of natural physiologically active compounds
which are used in the development of anticancer drugs, hemorheologic agents [2],
plant growth regulators [3] and fungicides [4, 5].

Results and Discussion. The reaction of nucleophilic addition 1,5-di(prop-2-
ynyloxy)naphthalene at the carbonyl group of cyclic ketones of cyclohexanone, 1-
methylpiperidin-4-one, 1-propylpiperidin-4-one and 1-benzyl-4-piperidone were
studied in order to synthesize of new potentially biologically active compounds in
the series of diproparpylic ethers of naphthols. The reaction was carried out in the
presence of a 4-fold excess of technical KOH at room temperature in diethyl
ether. As a result of ethinylation of cyclohexanone and N-substituted piperido-
neswith 1,5-di (prop-2-ynyloxy) naphthalene, were obtained the corresponding
tertiary diacetylenic glycols.

After appropriate treatment of the reaction mixture the following diacety-
lenic glycols were obtained in individual state:1,1'-(3,3'-(naphthalene-1,5-
diylbis(oxy))bis(prop-1-yne-3,1-diyl))dicyclohexanoll,  4,4'-(3,3'-(naphthalene-
1,5-diylbis(oxy))bis(prop-1-yne-3,1-diyl))bis(1-methylpiperidin-4-ol)2, 4,4'-(3,3'-
(naphthalene-1,5-diylbis(oxy))bis(prop-1-yne-3,1-diyl))bis(1-propylpiperidin-4-
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‘ /\
KOH R

1 R-R=(CHy)s; 2 R-R=(CH,),NCH3(CHy),;

3 R-R=(CHy)oN C3Hs(CHa)y; 4 R-R=(CH3)oN(CHz)y;
CH,Ph
Figure 1 — Scheme of the nucleophilic addition reaction of 1,5-di(prop-2-ynyloxy)naphthalene

ol)3 and 4,4'-3,3'-(naphthalene-1,5-diylbis(oxy))-bis(prop-1-yn-3,1-diyl))bis(1-
benzylpiperidin-4-ol) 4 in yield 50, 82, 75, 87%, respectively.

The structure of synthesized compounds 1-4 was confirmed by IR spectra
and NMR 'H, *C, COZY ("H-'H) and HMQC ('H-"C) spectroscopy. The data
of 'H and >C NMR spectra are given in the tables 1 and 2.

In IR spectra, diacetylenic glycols 1-4 are characterized by the presence of
broadened absorption bands in the 3400-3500 cm™ region, characteristic for
valence vibrations of hydroxyl groups, weak intensity peaks in the region of
2100 cm™ indicate the presence of a triple acetylenic bond.

OH
— 6—7,
0—5// \\8
N Yo R
R 4/0_9\1_0 N’
N —
3—2 —
HO
Table 1 —'H NMR(3, ppm) spectral data for compounds 1 — 4
PMR,s, ppm
A type N-R (CH Prot f naphthal 1
Comp. 3 rotons of naphthalene cycle
OMP- | spectrum | O-CH, | CH,CH,CH,, | STl | o —= > >

CH,Ph) C*H | C*'H | C*H
! e! 4,97 - 1,38-2,22 3,56 | 7,07 | 741 | 7,741

¢ 4,91 - 1,34-2,15 | 3,58 | 6,94 7,20 7,80
) e! 5,0 2,03 1,59-2,32 | 2,46 | 7,06 1 | 741 | 7,721

¢ 491 2,31 1,99-2,10 | 2,92 | 6,94 7,20 7,80

3 e' 4,94 ]0,71;1,25;2,01 | 1,52-2,41 | 3,40 | 7,01x | 7,33t | 7,651

¢ 4,91 0,86;1,47;2,59 | 1,90-2,28 | 2,92 | 6,94 7,20 7,80
4 e! 4,97 |3,50;7,22-7,30 | 2,28-2,58 | 3,58 | 7,050 | 7411 | 7,791

¢ 491 |3,47;7,13-7,18 | 2,02-2,12 | 347 | 6,93 7,63 7,82
Notes. e — is the experimental spectrum; c-spectrum calculated according to the «MestReNovay

program.
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Table 2 — '*C NMR(3, ppm) spectral data for compounds 1 — 4

~ ~~ | CHy(cycle) N-R (CHs,
Comp. | A typespectrum | O-CH, | C=C | C=C | >CZ_ 2 CH,CH,CH,
CH,Ph)
24,84;
¢! 56,53 78,47 | 93,01 67,20 26,97, -
| 41,86
23,40;
¢? 58,40 80,41 | 89,94 68,52 25,40; -
39,58
1 40,50;
) e 56,73 78,47 | 92,32 65,09 4071 46,16
2 35,48;
c 58,40 80,41 | 90,13 66,99 50.17 45,83
1 39,51, 12,31; 20,14,
s e 56,78 79,12 | 92,20 65,64 5011 60.08:
2 37,63; 12,05; 20,25;
c 58,40 80,41 | 90,13 66,85 50.17- 60.80
4121 61,34;127,55;
¢! 56,49 78,83 | 79,60 61,34 52’ 79’ 128,74;
’ 129,20
4 58,97
2 37,45; 129,44;
c 58,40 80,41 | 90,13 66,99 4871 128.89:
131,48
Carbon atoms of the naphthalene ring
Comp. 15 26 37 48 910
A typespectrum ccC cC cC c’C ccC
. ¢! 153,15 107,29 125,97 114,83 126,58
¢? 147,70 109,35 125,38 114,52 124,85
5 ¢! 153,23 107,57 125,91 114,75 126,67
¢’ 147,70 109,35 125,38 114,52 124,85
3 ¢! 153,18 107,46 125,82 114,72 126,65
¢? 147,70 109,35 125,38 114,52 124,85
A ¢! 153,18 107,14 125,92 114,90 126,60
¢’ 147,70 109,35 125,00 114,52 124,85
Notes. e — is the experimental spectrum; c-spectrum calculated according to the «MestReNovay
program.

In the "H NMR spectra of diacetylenic glycols 1-4 appear broadened singlets
for the protons of the hydroxyl groups in the region 2.46-3.58 ppm, which in-
dicates the occurrence of nucleophilic addition of 1,5-di (prop-2-ynyloxy)naph-
thalene at the carbonyl group of the cyclic ketones.

In the "H NMR spectra of the glycol 4 (figure 2), in the strong field region of
the spectrum, the chemical shifts for protons in the region 2.29 and 2.58 ppm
were assigned to the cyclic protons forthe symmetrical methylene groups of two
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piperidine rings. The chemical shift in the region 4.96 ppm belongs to the protons
of OCH, methylene groups. The protons of methylene substituents at the nitrogen
atom are resonated as a broadened singlet in the region of 3.50 ppm. The signals
for the protons of the naphthalene nucleus and of the benzene nucleus appear in
the weak-field regions 7.05-7.79 ppm and 7.22-7.30 ppm, respectively.

350

Solvent - DMS0

00

—4.97
4 96
3.58

358

1.59 1.8411.04 168 352 182402
H Hed d = HH

T T T T T
75 70 B3 6.0 55

T T T T T
50 45 40 35 30 25
Chemical SHift (ppm)

Figure 2 — '"H NMR spectra
of 4,4'-3,3'-(naphthalene-1,5-diylbis(oxy))bis(prop-1-yn-3,1-diyl))bis(1-benzylpiperidin-4-ol)

In the "*C spectra of diacetylenic glycols 1—4 (table 2) resonance signals ap-
pear in the corresponding region 61.34 —68.52 ppm characteristic for quaternary
carbon atoms of saturated nitrogen cycles.

In the "C NMR spectra of glycol 4 (4,4'-(3,3'-(naphthalene-1,5-diylbis-
(oxy))bis(prop-1-yn-3,1-diyl))bis(1-benzylpiperidin- 4-ol)) shown in figure 3, the
most characteristic carbon atoms of the —C=C- acetylenic bond resonate in the
region 78.83 and 79.60 ppm.Chemical shifts for carbon atoms of the symmetric
CH, groups of the piperidine rings are observedin the strong field region 41.21
and 52.79 ppm.Quaternary carbon atoms of the saturated nitrogen cycles resonate
in the region 6 61.34 ppm.
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-
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Figure 3 — *CNMR spectra
of 4,4'-3,3'-(naphthalene-1,5-diylbis(oxy))bis(prop-1-yn-3,1-diyl))bis(1-benzylpiperidin-4-ol)
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It should be noted that the chemical shifts for the methylene group of the
benzyl substituent appear in the more weaker region (61.34 ppm) compared to the
carbon atoms of the oxymethylene group (56.49 ppm), which is due to the in-
fluence of the nitrogen atom of the piperidine ring. In the weak field region
107.14 — 153.18 ppm and 127.55 —129.20 ppm the signals for the carbon atoms of
the naphthalene and benzyl rings are observed.

The correct interpretation of the resonance signals is confirmed by the
coincidence of the values of the chemical shifts observed in the experimentally
obtained spectra with the corresponding values in the spectra calculated by the
«MestReNova» program.

The results of the interpretation of the two dimensional spectrum in the
HMQC ('H -"C) format make it possible to determine the correlation between
chemical shifts of protons and carbon nuclei, spin —spin interaction between
nuclei, which confirms the nature of heteronuclear interaction.

Figure 4 — Scheme of correlations of HMQC
(‘H-! 3C) 4,4'-3,3'-(naphthalene-1,5-diylbis(oxy))bis(prop-1-yn-3,1-diyl))bis(1-benzylpiperid-4-ol)

Conclusion. Summarizing the obtained data on the synthesis of new diacety-
lene glycols, it can be noted that 1,5-di (prop-2-ynyloxy) naphthalene readily
reacts in Favorsky'sethynylation reaction and allows one to move relatively easily
to an important class of tertiary acetylenic alcohols, which due to the presence in
their structures acetylenic and tertiary alcohol groups can serve as initial synthons
in the further synthesis of natural substancesanalogues.

Thus, as a result of studying the reactivity of 1,5-di(prop-2-ynyloxy)naph-
thalene in the Favorsky reaction with various cyclic ketones, formation of diace-
tylenic glycols in 50-87% yields was established. The structure of synthesized
glycols was established based on the analysis of the 'H and *C NMR spectral
data.

EXPERIMENTAL PART

The course of the reactions and the purity of the products were monitored by
thin-layer chromatography on "Silufol UV-254" plates, the eluent was a mixture
of benzene and ethanol (1:3) with the appearance of substances spots with iodine
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vapor. The IR spectra were recorded on a Nicolet 5700 spectrometer in KBr
tablets. The 'H and >C NMR spectra of the samples were recorded in DMSO-Dj
using a INM-ECA 400 (Jeol) spectrometer with operating frequencies 400 ('H),
100 MHz (°C).
1,1'-(3,3'-(naphthalene-1,5-diylbis(oxy))bis(prop-1-yne-3,1-diyl))dicyclo-
hexanol 1. A solution 0f0.5 g (0.0021 mol) of 1,5-di (prop-2-ynyloxy)naphtha-
lene in 10 ml of etherwas added to a mixture of 0.47 g (0.0084 mol) of powdered
technical KOH in 15 ml of ether. After 30 minutes 0.41 g (0.0042 mol) of cyclo-
hexanone in 10 ml of ether was slowly added dropwise with stirring. After the end
of the reaction, the mixture was decomposed with water(15 ml) under ice-cooling.
The ether was separated, the aqueous layer was extracted with ether(5x20 ml), the
ether extract was dried with potash. After distilling off the ether,diacetylene
glycol 1 was obtainedin 0.45 g (50%) yield.
4,4'-(3,3'-(naphthalene-1,5-diylbis(oxy))bis(prop-1-yne-3,1-diyl))bis(1-
methyl-piperidin-4-ol) 2 was synthesized analogouslyfrom 0.5 g (0.0021 mole)
of 1,5-di(prop-2-ynyloxy)naphthalene with 0.48 g (0.0042 mol) of 1-methyl-
piperidin-4-one in the presence of 0.47 g (0.0084 mol) of powdered technical
KOH in ether at room temperature. The yield was 0.8 g (82%).
4,4'-(3,3'-(naphthalene-1,5-diylbis(oxy))bis(prop-1-yne-3,1-diyl))bis(1-
propylpiperidin-4-o01)3 was synthesized analogouslyfrom 1.0 g (0.0042 mole) of
1,5-di (prop-2-ynyloxy)naphthalene with 1.19 g (0.0084 mol) of 1-methylpipe-
ridin-4-one in the presence of 0.94 g (0.016 mol) of powdered technical KOH in
ether at room temperature. The yield was 1.66 g (75%).
4,4'-3,3'-(naphthalene-1,5-diylbis(oxy))-bis(prop-1-yn-3,1-diyl))bis(1-
benzylpiperidin-4-ol)4 was synthesized analogouslyfrom 0.5 g (0.0021 mole) of
1,5-di (prop-2-ynyloxy)naphthalene with 0.8 g (0.0042 mol) of 1-methylpipe-
ridin-4-one in the presence of 0.47 g (0.0084 mol) of powdered technical KOH in
ether at room temperature. The yield was 1.14 g (87%).
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E. C. Coiuesa, M. C. Myxanosa, K. b. Epacanos, T. M. Ceiinxanos,
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CUHTE3 IMALIETUJIEHOBBIX I'JTUKOJIEMHA OCHOBE
1,5-AU(TTPOIT-2-MHUJIOKCH)HADTAJIIMHA

Pa3paboTaHb! ycIOBHUSI CHHTE3a HOBBIX HOTEHIIHATBHO OMOJOTHYECKH AKTUBHBIX JH-
aIeTHJICHOBBIX TNHKONEeH. M3ydeHa peakius Hykineo(uibHOTO mpucoeauHeHus 1,5-mu-
(mpor-2-uHHUNOKCH)Ha(TATMHA IO KAPOOHMIIFHOHN TPYIIIE IUKINISCKAX KETOHOB (ITHKIIO-
rexkcaHoHa U N-3aMeIIeHHBIX MUIepruIoH0B). CTpoeHNE HOBBIX COSINHEHUN YCTAaHOBJICHO
Ha OCHOBaHHMH aHA/IM3a JaHHBIX criekTpockornu IMP 'H u B,

Karwouessbie ciioBa: 1,5-nu(npon-2-nHUIOKCH ))HA(QTANINH, STUHIUIMPOBAaHHUE, JUalle-
TUJIEHOBBIE IJIMKOJIU, IMKJIOTEKCAHOH, N-3aMeIeHHbIEe TUIIEPUIOHBL.

Pe3iome

E. C. Cviuesa, M. C. Myxanosa, K. b. Epocanos T. M. Cetiinxanos,
I A. Aboambaes, V. M. [lamxaes, M. T. Omipsaxos

1,5-AU(ITPOII-2-MTHUJIOKCN)HADTAJINH HETT3IH/TE
JUATETUIEH/I IN'TMKOJIEVMH CUHTE3I

ana TyprbIAaFbl OMOJIOTHSUIIBIK aKTHBTI JUAICTUIICH T TJIHKOJIICp CUHTE3IHIH KY3-
Te achlpy JKarJaiinapbl KapacTeIpbULAbL. TYHBIH CaKWHAJIBI KETOHIAPAbIH (IIMKJIOr€KCaHOH
»oHe N-opbIHOACKaH MUIEpUIOHAAP) KapOoHMII ToOB! OolbIHIIA 1,5-11(TIpON-2-UHHUIIOK-
cH)HaQTATUHHIH HYKICO(MMIbII KOChUTY PEaKIMICHI 3epTTeliHAl. JKaHa KOChUIBICTAPIbIH
KypbUIbIMbl SIMP 'H xone 1°C CIIEKTPOCKOMUSUTBIK TaJIay HETi31H/C aH-BIKTAIBIHIBL.

Tyiiin ce3nep: 1,5-nu(npon-2-nHUIOKCH )Ha(TAINH, STHHIIICY, JHALEeTHIICH T TN~
KOJIZIep, LIMKIIOreKCaHoH, N-opbIHOacKaH MUIepuI0HAap.
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SOL-GEL TECHNIQUE IN ECO-FRIENDLY COLORATION
OF CELLULOSIC MATERIALS

Abstract. At this work, modified variant of sol-gel method is presented, which pro-
vides for carrying out of polycondensation not in the impregnation bath, but in the pores
of cotton fibers. It is possible due to consistent impregnation in solution of precursor and
colorant and catalyst of hydrolysis. The possibility of obtaining silica coating by this
method has been proved by the results of scanning electron microscopy and energy dis-
persive analysis. An influence of treatment conditions on tensile properties and coloration
intensity is studied. It was revealed that higher temperature of heat treatment leads to an
increase of color fastness.

Key words: sol-gel, silica, sodium silicate, citric acid, cellulose, plant colorants,
continuous dyeing, madder, chlorophyll

Introduction. The sol-gel technology is an effective method of introducing
and fixing functional agents on the surface of substrates of various types. There
are several advantages of using sol-gel technology in the functional finishing of
textile materials, such as the possibility of high processing speed and the absence
of damage to substrate materials. There are some papers about functional
finishing of cellulose textile materials [1-16], which have proved the efficiency of
fixing functional agents on the surface of cellulose fiber by using of a sol-gel
method. The sol-gel technology implies obtaining functional coating on fiber,
which consist metal (silica, aluminum, titan or zinc) oxide matrix and functional
particles [17, 18]. Essential factors that limited using of sol-gel technology in
mass production are the high cost of alkosilanes, which also requires the use of
organic additives. At previous studies the existence of economically more
advantageous ways of replacing alkosilanes by water-soluble silicates are
explained. The most common water-soluble silicate is sodium or potassium liquid
glass. There are several works about using of sol-gel method in dyeing of textile
materials [19-21], where researchers applied an a colloidal sol-gel method with
the use of aqueous solutions of sodium liquid glass (sodium silicate). Also, an
eco-friendly method of dyeing involves the use of natural dyes. Application of
plant colorants in textile materials dyeing is best known from antic period,
however this type of dye implies the applying of a periodic dyeing method. So, in
this research, extract of madder and chlorophyll copper complex choosen as
colorants, these substances are commonly used in pharmaceutical and food in-
dustry. At this paper we suggest an environment-friendly 2 bath included conti-
nuous dyeing method of cotton fabrics, which is based on sol-gel process. General
purpose of this research is development of safely and efficiently dyeing
technology from economical point of view.
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EXPERIMENTAL PART

Materials. 100% bleached cotton fabric, article 1030, with size 200x200mm
and surface density of 147 g/m” was purchased from Blakit (“‘BCPA” JSC, Belo-
russia). As precursors of sol-gel process an aqueous solution of sodium silicate
(liquid glass of Na,SiO; in the mass ratio of water: Na,SiO; equal to 9: 1) with a
density of 1.36 g/m’, and as a catalyst of hydrolysis, citric acid (2-hydroxypro-
pane-1,2,3-tricarboxylic acid) were chosen. At the research extract of madder
(purchased from Vifitech, Russia) and chlorophyll copper complex (purchased
from Ecoplant, Russia) were selected as colorants. AIK(SO,), was used as a mor-
dant.

Preparation of samples. Samples of cotton fabric with size 200x200mm and
were washed in distilled water at 40 °C, dried in a oven and kept in a desiccators
for 24 hours to conditional mass achievement. After this a dyeing solution was
prepared (bath module is 5:1), which consisted colorant (2% o.w.f.), diluted in
NaOH 1% (1/5 of required volume of dyeing solution) and water glass (50-
100 g/l). At next, tissue samples were impregnated in bath with a dye solution.
Impregnation was carried out at a temperature of 65-70 °C for one minute, fol-
lowed by padding. After this, the dyed samples were immersed in second bath,
containing an aqueous solution of citric acid (20 - 50 g/I) at a temperature of 65-
70 °C for one minute, followed by padding. After, cloths were dried at a tem-
perature of 70-80 °C for 5 minutes and heat treated by heat at temperatures of
120-160 °C. Further, samples were washed with solution, which consist a
surfactant (2 g/l) at 50 °C, and rinsed in distilled water.

Research methods. The color stability determination of dyed samples
carried out, the PT-4 device and the gray standards scale were used in accordance
standart «['OCT 9733.27-83» "Textile materials. Method of testing the color
fastness to friction". The color intensity K/S of samples calculated according to
equation from reflection coefficient R, which measured on a CarlZeiss spec-
trophotometer. The fact of the coating existence is one of the reasons of changing
mechanical properties in comparison with the original fabric. Determination of
the tensile strength of the fabric was carried out on a tensile machine RT-250M in
accordance standart «['OCT 3813-72». "Textile materials. Fabrics and piece
goods. Methods for determining tensile properties". For studying of sample’s sur-
face morphology scanning electron microscopy used (SEM).

RESULTS AND DISCUSSION

The result of color intensity determination is represented in table 1. The in-
tensity measurement of samples, which were colored by madder extract, clearly
show, that K/S value decreased versus high temperature of treatment, and reduced
with higher citric acid concentration. This fact can be explained by the destruction
of the colorant. K/S value of samples, which were colored by chlorophyll, has
shown direct proportional dependability from temperature of heat treatment,
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Table 1 — K/S value of colored and uncolored samples

No Cyater-glass | Cacids Temperature of K/S value
(Cwe) gL | gL | treatment (Trp.), °C | plored by madder | Colored by chlorophyll

1 100 50 160 0.46152 0.24114
2 100 50 120 0.51376 0.23454
3 100 20 160 0.64314 0.19837
4 100 20 120 0.69955 0.18875
5 50 50 160 0.50088 0.20763
6 50 50 120 0.51779 0.19399
7 50 20 160 0.56889 0.18180
8 50 20 120 0.57339 0.17998
0 Untreated, uncolored 0.009713

water-glass concentration and acid concentration. Therefore, next conclusions can
be made: copper complex of chlorophyll has good thermal stability, in compa-
rison with madder extract; increasing of intensity with the highest temperature
and concentration of the liquid glass contributes to better fixation of the dye.

For identify patterns of color fixation from treatment parameters, PT-4
device and the gray standards scale were used. Result of color fastness test is
shown in table 2.

Table 2 — Results of testing the color fastness to wet/dry friction

N Cwon Cocids Tri Colored by madder Colored by chlorophyll
gL gL °C dry wet dry wet
1 100 50 160 5 4 5 4-5
2 100 50 120 5 3-4 5 4-5
3 100 20 160 5 3-4 5 4-5
4 100 20 120 5 3-4 5 4-5
5 50 50 160 5 4 5 4-5
6 50 50 120 5 4 5 4-5
7 50 20 160 5 4 5 4-5
8 50 20 120 5 4 5 4-5

It’s clearly shows, that increasing temperature of thermal fixation leads to
best color fixation results. But high treatment temperature can injure cellulosic
fibers. So, heating in temperature 120-160 °C of fabric is one of the reasons of
changing mechanical properties in comparison with the original fabric, tensile
strength had been measured consequently. Testing results are shown in table 3.
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Table 3 — Tensile strength of the treated and untreated samples

Number of regime Cwa., Cacids Tensile strength, N
g/L gL Tr=160°C | Try=120°C
Colored by madder extract

1 100 50 388 462

2 100 50 458 497

3 100 20 365 488

4 100 20 411 452

Coloured by chlorophyll copper complex

1 100 50 281 284

2 100 50 311 333

3 100 20 260 306

4 100 20 358 428
Untreated 0 0 232 232
Non-coloured, treated by AIK(SO,), 0 0 0 409

It can be seen, that with decreasing of treatment temperature and acid con-
centration and increasing of water glass, the tensile strength has been enhanced.

Thus, optimal parameters of treatment can be chosen depend on color rub-
bing test results and K/S value. So, results of research are shown, that C yaer-glass=
=100 g/L, Cyiq= 20 g/L and Tty =120 °C are better parameters for sol-gel dyeing
by madder extract. C yaer-glass= 100 g/L, Cycig= 50 g/L and Ty =160 °C are better
parameters for sol-gel dyeing by chlorophyll copper complex.

For studying of surface morphology of treated and untreated samples
SEM/EDX method was used. Images of fibers structure are shown on figurel.
Surface images and EDX analysis is proving existence of silica oxide gel coating.

Conclusion.

1. The proposed coloring technology based on double-bath impregnation sol-
gel method allows to obtain barrier silica coatings, where natural dye is included,
it has been proved by images of SEM/EDX method.

2. The general advantages of this coloring method is that reaction of
polycondensation doesn’t proceeds in the bath, It occurs in the pores of cotton
fiber, therefore present method makes it possible to increase the storage time of
using solution up to several days without gelling and that the solution can be
recycled and reapplicated again.

3. At work an eco-friendly natural colorants and environment safely fixation
method of dyes through sol-gel process, applying of water-soluble precursor and
non-mineral acid, was used.

4. It was found that Cw,g = 100 g/l, C,.¢= 20 g/l and Tty =120 °C are better
parameters for sol-gel dyeing by madder extract. Then Cw g = 100 g/, C,.ie= 50 g/
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Figure 1 —
SEM images of samples:
a — colored by chlorophyll,
b — colored by madder extract,
¢ — untreated cotton sample
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and Tty =160 °C are better parameters for sol-gel dyeing by chlorophyll copper
complex.

Therefore, the process can be carried out on common industrial dyeing ma-
chines. General disadvantage is possibility of coloring hydrophilic fibers only.
Results of this research can be used as basic for development of eco-friendly sol-
gel dyeing technology.

REFERENCES

[1] Sakka S. Sol-gel Science and Technology: Topics and Fundamental Research and Appli-
cations. Norwell: Kluwer Academic Publishers. 2003. 1777 p.

[2] Mahltig B., Textor T. Nanosols and Textiles.1-st edition Singapore: World Scientific Pub-
lishing Co, 2008. 224 p.

[3] Alongi J., Ciobanu M., Malucelli G. Sol-gel treatments for enhancing flame retardancy and
thermal stability of cotton fabrics: optimisation of the process and evaluation of the durability //
Cellulose. 2011. N 18. P. 167-177.

[4] Alongi J., Malucelli G. State of the art and perspectives on sol-gel derived hybrid archi-
tectures for flame retardancy of textiles / J. Mater. Chem. 2012. N 22. P. 21805.

[5] Brancatelli G., Colleoni C., Massafra M.R., Rosace G. Effect of hybrid phosphorus-doped
silica thin films produced by sol-gel method on the thermal behavior of cotton fabrics // Polym.
Degrad. Stab. 2011. N 96. P. 483-490.

[6] Xing Y., Yang X.J., Dai J.J. Antimicrobial finishing ofcotton textile based on water glass
by sol-gel method // J sol-sel Sci. Technol. 2007. N 43. P. 187-192.

[7] Mahltig B. , Fiedler D., Bottcher H. Antimicrobial Sol-Gel Coatings // J. Sol-Gel Sci.
Technol. 2004. N 32. P. 219-222.

[8] Aksit A.C. , Onar N. Leaching and fastness behavior of cotton fabrics dyed with different
type of dyes using sol-gel process // J. Appl. Polym. Sci. 2008. N 109. P. 97-105.

[9] Mahltig B., Textor T. Combination of silica sol and dyes on textiles // J. Sol-Gel Sci.
Technol. 2006. N 39. P. 111-118.

[10] Huang K.S., Nien Y.H., Hsiao K.C., Chang Y.S. Application of DMEU/SiO2 gel solution
in the antiwrinkle finishing of cotton fabrics // J. Appl. Polym. Sci. 2006. 102. P. 4136-4143.

[11] Xue C.H,, Ji S.T., Chen H.Z., Wang M. Preparation of superhydrophobicsurfaces on
cotton textiles Sci. Technol. Adv. Mater. 2008. N9. P. 1-7.

[12] Yu M., Gu G., Meng W.D., Qing F.L. Superhydrophobic cotton fabric coating based on a
complex layer of silica nanoparticles and perfluorooctylated quaternary ammonium silane coupling
agent / Appl. Surf. Sci. 2007. N 253. P. 3669-3673.

[13] Mahltig B., Bottcher H. Modified Silica Sol Coatings for Water-Repellent Textiles // J.
Sol-Gel Sci. Technol. 2003. N 27. P. 43-52.

[14] Li F.Y., Xing Y.J., Ding X. Immobilization of papain on cotton fabric by sol-gel method
// Enzyme Microb. Technol. 2007. N 40. P. 1692-1697.

[15] Bhosale R.R., Shende R.V., Puszynski J.A. Thermochemical water-splitting for H2 gene-
ration using sol-gel derived Mn-ferrrite in a packed bed reactor // International Journal of Hydrogen
Energy. 2012. N 37. P. 2924-2934.

[16] Photocatalytic properties and optical characterization of cotton fabric coated via sol-gel
with noncrystalline TiO, modied with poly (ethylene glycol) / Surface and Coatings Technology. 2012.
N 207. P. 79-88.

86



ISSN 1813-1107 MNe 3 2018

[17] US patent Ne 5305827 / Steele J.W., Birbara P.J, Marsh R.W., Scull D.T. Antimicrobial
hydrophilic coating // United technologies corporation. 1994.

[18] US patent Ne 6102994 A Zhou S.J., Keyvan M.R., Seminara G., Pickup H. Alumina-based
hydrophilic antimicrobial coating // AlliedSignal Inc. 2000.

[19] Shen L., Wang H.T., Du Q.G., Yang Y.L. Preparation and characterization of
SMA(SAN)/silica hybrids derived from water glass // J Appl Polym Sci. 2004. N 93. P. 2289-2296.

[20] Wang H.T., Zhong W., Du Q.G., Yang Y.L., Okamoto H., Inoue S. Novel Polyimi-
de/Silica Nanohybrids from Water Glass // Polymer Bulletin. 2003. N 51. P. 63-68.

[21] Mahltig B., Béttcher H. Textilveredlung-Veredlung von Textilien durch Nanosol-Beschi-
chtungen // Melliand Textilberichte. 2002. N 83. P. 251-253.

Pesrome
@. P. Tawmyxamedos, A. K. Kymoswcanosa, I'. E. Kpuuesckuii

30JIb-T'EJIb TEXHUKA
B OKOJIOTMYHOM KPAINEHWN HEJUTFOJIO3HBIX MATEPHUAJIOB

OnucaH JBYXBaHHBIM 305b-T€db METOJl KPAILIEHHs LEIUTIOJIO3HBIX TEKCTHIBHBIX
MaTepuanoB. [IpeioskeH 3KoJIOTHYecKH Oe30IacHBI CIIoco0 KpameHUs HEeJUTIOI03HBIX
TEKCTWJIBHBIX MaTEepHAIIOB C NPUMEHEHHE HATYPaIbHBIX KpacuTeJed pPacTUTEIHLHOTO
MIPOUCXOXKACHUS (PKCTPAKT MapeHbl KPacHJIbHOM M MEIHOTO KOMIUIEKCa XJIOpO(HILIA).
[IpemmoskeHHBIH CIIOCOO COCTOMT B ITOCIEIOBATEIHHOM MPOMUTKE OOpa3IOB XJIOMYATO-
OyMa)XHOW TKaHHM CHadaja B MPEKypcOpe 30Jb-Telb MPOIEcca, a 3aTeM B KaTalu3aTope
THIIPOJIH3a, C MOCIEAYIOMEeH CYIIKOi u TepMHudeckoi 00paboTkoil. MccnenoBano Biwsi-
HHE KOHICHTPALMU HpeKypcopa 30Jb-Tellb Mepexoia U KaTalnu3aTopa THAPOIN3a Ha KO-
JIOPUCTUYECKHE U TIPOYHOCTHBIE CBOWCTBA MOJIYYEHHBIX 00pa3IoB. BeIsBieHO, 4TO ONTH-
MaJIBHBIMU TapaMeTpaMH IS KpaIleHUs SBJSIOTCA: KOHLEHTpAaIMs >KHUIKOTO CTeKJa
Cw.g = 100 1/n, xoHIEHTpaIHsl TUMOHHON KUCIOTHI C,ejq =50 I/ ¥ Temmeparypa TepMo-
oopadorku Try = 160 °C misa xnopodmwmna u Cywg = 100 /1, Cyig= 20 v/ and Try =
=120 °C ans MapeHbl KpacwibHOW. Iyt wcciieoBaHUsl MOBEPXHOCTH 00pabOTaHHBIX
BOJIOKOH MPUMEHEH METOJ, JIEKTPOHHON MUKPOCKOIUY, TI0 PE3yIbTaTaM KOTOPOTo JA0Ka-
3bIBAETCS HAJMYME KPEMHE3EMHOTO TOKPBITHS. Pe3ysnbraThl MccieoBaHUsI MOTYT OBITH
MPUMEHEHBI B OTJEIOYHOM IMPOU3BOACTBE TEKCTHIIBHBIX LEJIIOJIO30COAEPKAINUX MaTe-
pHaoB.

KnroueBble cji0Ba: 3051b-Telb, KPEMHUH, HATPHUS CHIIMKAT, JIMMOHHAS KUCIIOTA, pac-
TUTENBHBIC KPACUTEIH, HENPEPHIBHOE KPAIICHNE, MapeHa, XJIOPOQHILIL.

Pe3rome
@. P. Tawmyxameoos, A. XK. Kymowcanosa, I'. E. Kpuuesckuii

HEJUIIOJIO3AI MATEPUAJITAPBIH DKOJIOT'MAJIBIK
BOAY KE3IHJAEI'T 30JIb-I'EJIb TEXHUKACHI

Makanazia 1eJuTioI03aiIblK TOKBIMa MaTepHaIapsiH 00syFa apHaIFaH eKi BAHHAIBIK
30J1b-T€JIb OMICI CHMATTaJFaH. 3ePTTEYMiH HOTHKEIepi OOMBIHINA ©CIMIIK TaOuFu 0O0si-
FBIITAP (OOSFBIITHIH CHIFBIHABICHI KOHE XJOPOGWIAIH MBIC KENIeHI) KOJJAaHbUIATHIH
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LEJLTFOJIO3ABIK TOKBIMA MaTepUAIAPbIH OOSYIbIH SKOJOTHSUIBIK KAyilci3 9/ici YChIHBLI-
raH. ¥ChIHBUIFAH OMiC aJBIMCH 30JIb-T€jIb MPOIICCIHIH MPEKypCOpiapblHIa MaKTa-Mara
YIITUIEpiH CIHIPLTII, COmaH KeHiH TMIpONIU3 KaTalu3aTOPBIHAA CIHIPiIiN, KeHiH KenTipy
JKOHE TEPMISUIBIK OHJEYCH Typabl. AJIBIHFAH YITUIEpAiH Tyci MeH OepiKTiri Kacuerre-
piHE 30Jb-TeNBAIK THAPOJIN3 KaTaIU3aTOPBIHBIH MPEKYPCOPIIBIK KOHIEHTPAIMSCHIHBIH
acepi 3epTTenni. OHIey mapaMeTpiepiHiH TEKCTUIIb MAaTEPUANTBIHBIH (HU3UKO-MEXaHUKA-
JIBIK KaCHeTTepi, 00sly MHTEHCHUBTUIITT MeH OepikTiiiri 3epaenenred. Hotmxkecinze, keneci
ONITUMAJTBI TApaMeTpiIep aHBIKTAIFAH: XJIOPOMHIUT MBIC KOMILIEKC YIIIH - HATPHHA CHITH-
KaT KoHIeHTparusiachl Cy g = 100 1/1, TMMOH KBIIIKBUTEI KOHIEHTPAIHIACH C,iq = 50 1/1
XKoHE TepMmoeHey Temmeparypacsl Tty =160 °C; OosypuHMeH O0sly mpoleci yuIiH -
Cw.g = 100 1/1, Cyeig = 20 /1 and Tty = 120 °C. CoHbIMeH KaTap 3JIEKTPOHIBI MHKPO-
CKOTIHS SMICiH KOJJaHa OTBIPHIT (PYHKIIMOHAIIB! KaOBIH MEH OOSFBIIITHIH OEKiTiNreHi
3eplIelIeHreH. 3epTTey HOTHXKEC] LEeJUTI0I03a)Ibl TeKCTHIIb MaTepHalJapblH OHJIEY OHIi-
picinze naiiianayra 6onaipl.

Tyiiin ce3nep: 30Jb-TeNb, KPEMHUIA, HATPUH CUIIMKATHI, JIAMOH KBIIIKBUIBI, OCIMIIK
OOSFBIIITAD, Y3IIKCI3 005y, 00SYypHH, XJIOPOGUILI.
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CHARACTERISTIC OF MASS-SPECTROMETRIC
FRAGMENTATION MOLECULAR IONS
OF EMODINE AND ITS METHYL ETHERS

Abstract. The work is devoted to the mass-spectrometric study and comparative
analysis of mass-spectrometric fragmentation of molecular ions of 1,6,8-trihydroxy-3-
methyl-9,10-anthraquinone (emodin) and its mono- and dimethyl ether. The influence of
the substituent on the stability of molecular ions to ionization by electrons is considered,
and schemes for their mass-spectrometric decay proposed. It is shown that the fragmen-
tation of the derivatives depends on the location of the substituent in the anthraquinone
system.

Key words: mass-spectrum, molecular ion, fragmentation, electron ionization, eli-
mination, derivatives of 9,10-anthraquinone

Anthraquinones represent the most numerous group of natural quinones with
diverse biological activity [1, 2]. Among them, one of the most common deri-
vatives of 9,10-anthraquinone is emodin (1), which is identified not only in the
free state, but in glycosidated, dimeric and condensed forms, in plants of such
families as Rhamnaceae (Rhamnus, Maesopsis, Ventilage), Fabaceae (Cassia),
Senna, Polygonaceae (Rheum, Rumex, Polygonum), Liliaceae (Aloe, Bulbine),
Hypericaceae [3-8]. Modern studies have made it possible to establish, in addition
to the laxative, also its antibacterial, vasorelaxant, cardiotonic, hepatoprotective
and antitumor effects [9-12], and the ability of derivatives of emodin to inhibit the
enzymatic activity of ATP-citrate lyase (ACL), a key player in the metabolism of
cancer cells [ 13].

Considering the importance of the emodin derivatives (1) as biologically
active compounds and continuing research into the mass spectrometric frag-
mentation of 9,10-anthraquinone derivatives [14-17]. This article is devoted to the
analysis of the mass spectra of 1,6,8-trihydroxy-3 -methyl-9,10-anthraquinone
(emodin) (1) and its methyl esters (2,3). The structure of the derivatives is
presented below:

OHO R,
1 R;, R,-OH
O‘O 2 Ry- OCH; R,-OH
Rl CH3 3 Rl, Rz-OCH3
o)
1-3

&9
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Table 1 shows the total mass spectra of emodin (1) and its methyl esters

(2,3), and table 2 shows the data on the stability of MI (W) for ionization by
electrons (IE), as well as the characteristic ions (F;-F;) from of the total ion cur-
rent. From the data in table 1, it can be seen that for the anthraquinones studied
the MI peak in the spectra is the maximum (I = 100%), and the MI stability to the
IE (Wyy) is in the range 11.9 + 40.6% (table 2).

Table 1 — Mass spectra of 9,10-anthraquinone derivatives (1-3)

Compound

Mass spectrum: M, m/z (I, B %)*

1,6,8-Trihydroxy-
3-Methyl-

9,10-anthraquinone
(emodin)

271 (17), M™ 270 (100), 269 (2), 255 (2), 254 (2), 253 (3), 243
(2), 242 (14), 241 (9), 227 (1), 226 (1), 225 (3), 224 (1), 215 (1),
214 (7), 213 (10), 200 (3), 199 (2), 197 (4), 196 (3), 195 (1), 186
(), 185 (5), 172 (1), 171 (2), 169 (2), 168 (5), 167 (2), 158 (1),
157 (2), 155 (1), 145 (1), 141 (1), 140 (2), 139 (8), 137 (2), 136
(1), 135 (3), 129 (2), 128 (4), 127 (3), 126 (1), 121 (4), 116 (1),
115 (5), 114 (1), 108 (1), 107 (2), 106 (2), 105 (2), 102 (1), 101
(1), 92 (2), 91 (1), 90 (1), 84 (4), 79 (2), 78 (2), 77 (5), 76 (2), 75
(2), 74 (2), 70 (2), 69 (7), 65 (2), 64 (2), 63 (4), 62 (2), 53 (2), 52
(2), 51 (6), 50 (2), 39 (4).

1,8-Dihydroxy-

6-Methoxy-3-methyl-

9,10-anthraquinone
(physcion)
(emethine methyl
ester)

286 (4), 285 (23), M 284 (100), 283 (5), 269 (1), 267 (8), 257
(1), 256 (7), 255 (13), 254 (9), 253 (1), 242 (2), 241 (10), 239 (1),
237 (1), 228 (2), 227 (6), 226 (7), 225 (6), 214 (1), 213 (7), 212
(1), 211 (1), 210 (1), 199 (2), 198 (5), 197 (2), 195 (2), 185 (4),
184 (2), 167 (2), 139 (4), 129 (2), 128 (7), 127 (2), 115 (3), 106
(2), 105 (2), 79 (2), 78 (1), 77 (3), 76 (2), 75 (2), 63 (2), 51 (2),
28 (4).

1-Hydroxy-
6,8-dimethoxy-
3-methyl-
9,10-anthraquinone
(emodin dimethyl
ether)

300 (4), 299 (21), M* 298 (100), 297 (8), 295 (2), 285 (2), 284
(5), 283 (5), 282 (5), 281 (22), 280 (49), 279 (3), 271 (2), 270 (7),
269 (26), 268 (10), 267 (5), 266 (3), 265 (15), 256 (3), 255 (9),
254 (6), 253 (19), 252 (70), 251 (6), 250 (3), 249 (2), 248 (2),
242 (1), 241 (4), 240 (5), 239 (10), 238 (11), 237 (27), 236 (2),
229 (3), 228 (8), 227 (6), 226 (10), 225 (7), 224 (7), 223 (7), 222
(3), 213 (3), 212 (7), 211 (10), 210 (12), 209 (13), 208 (3), 207
(3), 199 (4), 198 (5), 197 (13), 196 (6), 195 (5), 194 (4), 185 (3),
184 (10), 183 (7), 182 (11), 181 (15), 169 (12), 168 (8), 167 (4),
166 (4), 165 (6), 157 (4), 156 (8), 155 (8), 154 (5), 153 (11), 152
(10), 151 (7), 150 (5), 141 (12), 140 (9), 139 (20), 138 (4), 135
(24), 129 (5), 128 (17), 127 (13), 126 (7), 119 (7), 115 (17), 113
(7), 106 (7), 102 (7), 101 (6), 99 (6), 98 (6), 91 (9).

1,6,8-Trihydroxy-3-methyl-9,10-anthraquinone (1). In the mass spectrum

of 1,6,8-trihydroxy-3-methyl-9,10-anthraquinone (emodin) (2), the peak of MI
has a maximum intensity (I = 100%), whose stability is W,; = 35.2% (table 2).
The most intense peak of MI emodin (2) decays under the action of ionization by
electrons (IE) along four directions and gives low-intensity ions (scheme 1).
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Table 2 — Stability of molecular ions (W,;;) and characteristic ions (F;-F;) (Wy)
from the total ion current of anthraquinone derivatives (1-3)

m/z (Wy, %)

S / / / Fy/ /
% F, F, F; 4 ’ Fg
Fl" Fl "n F2/_F2//// F31_F3//// F4V_F4!N FS /FS F6'5 F6// F7
269 (0.6) | 255 (0.6) | 253 (0.9) 242 (4.1
241 (2.7) | 227 (0.3) | 225 (0.9)
L0352 [5350 | 199008 | 197(12) | 214 @0) | 196 (0.9) | 168 (1,5) | 139 (24)
185 (1,5) | 171 (0,6) | 169 (0,6)
283 (1.6) | 269 (0.3) {267 (0.65)
255(4.2) | 241 (3.2) | 239 (0.3)
21 406|570 | 2502 | 21103, | 256 23 | 254(3.0) [ 226(2.3) | 198(L6)
199 (0,65)| 185 (1,3) | 183 (0,3)
280 (4.7) | 265 (1.4) 255 (0.9
s | o |2ro| men 50T 000 | e g |
’ ’ 209 (1,2) 1197 (1,2)

When hydrogen is lost, a peak of the ion F; [M-H]" with m/z 269 (I = 2%) is
formed, which successively loses three molecules of carbon monoxide, which
leads to the appearance of the ions F,' [M-H-CO]" with m/z 241, F," [M-H-CO-CO]"
with m/z 213 and F,"' [M-H-CO-CO-CO]" with m/z 185. The most intense, from
the formed peaks, with I = 10% is the peak of the ion F," [M-H-CO-CO]" with
m/z 213 and with I = 9% - the peak of the ion F,' [M-H-CO]" with m/z 241, and
the intensity of the ion F1"' [M-H-CO-CO-CO]" is I = 5% (table 1).

The second direction of MI fragmentation occurs when a methyl radical
is lost with the formation of the F, [M-CH;]" ion with m/z 255. Further, the
F, [M-CH;]" ion sequentially eliminates three CO molecules to form
F,' [M-CH;-CO]" with m/z 227, F," [M-CH3-CO-CO]" with m/z 199 and F,"
[M-CH;-CO-CO-CO]" with m/z 171, the intensity of the ions formed is I = 1-2%.

The third direction of fragmentation begins with the release of the OH group
and the formation of the F; [M-OH]" ion with m/z 253, from which the CO
molecules are eliminated, which leads to F3' [M-OH-CO]" fragment ions with m/z
225, F3" [M-OH-CO-CO]" with m/z 197 and F;" [M-OH-CO-CO-CO]" with m/z
169, with intensity I = 2-4% .

The fourth direction of MI disintegration proceeds analogously to the decay
of MI 9,10-anthraquinone and is associated with the sequential elimination of the
carbon monoxide molecule. The ions of 1,6,8-trihydroxy-3-methylfluorenone F4
[M-CO]"™ with m/z 242 (I = 14%) and 1,6,8-trihydroxy-3-methylbiphenylene are
formed F4' [M-CO-CO]™ with m/z 214 (I = 7%). The formed ion F,', in turn, can
consecutively lose the water molecule (the ion Fs [M-2CO-H,0]", m/z 196), CO
(ion F4 [M-2CO-H,0-CO]", m/z 168) and CHO (ion F,; [M-2CO-H,0-COOH]",
m/z 139) due to reorganization processes, that is scrambling of hydrogen atoms
due to migration and scrambling of carbon atoms as a result of valence isome-
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- - -CO
H o MHE C memccop© MeH-200) [M-H-3COJ"
mz 269 m/z 241 m/z 213 m/z 185
F, F,' F\" F,"

CH;  [M-CHy" "©© McHy-cor” "“© [M-CH;-2cOT" -CO  |M.CH,-3CO]"
m/z 255 m/z 227 m/z 199 m/z 171

F, F, F," F,"

+e

OH O OH OH 0

M-OH]" ““° m.om-co” [M-OH-2CO]*
_—’ m/z 253 = iz 225 m/z 197
Ho T CHy Fy Fy Fy"
M*"* 270 e
—| +e
OH OH OH OH—l
- -CO -H0 "
| co 0.0 _co_ 7 [M-2CO-H,0]
HO CHj HO CH, mz 196
0
Fs
[M-COT* [M-CO-COT"
m/z 242 m/z 214
F4 Fy
-CO
+ -COH +
[M-2CO-H,0-CO-COH] [M-2CO-H,0-CO]
m/z 139 m/z 168
F; Fs

Scheme 1 — Fragmentation of a molecular ion 1,6,8-trihydroxy-3-methyl-9,10-anthraquinone (1)

rism, as well as processes of randomization-displacement hydrogen atoms and
carbon [18, 19]. Consequently, a significant peak with m/z 139 in the mass spec-
trum corresponds to the F; ion:

B
_

F,[M-2CO-H,0-COH]", m/z 139

1,8-Dihydroxy-6-methoxy-3-methyl-9,10-anthraquinone (2). The substitu-
tion of the B-hydroxyl group for the methoxy group in the molecule of emodin (1)
in the case of B-methoxyemodine (physcion) (2) practically does not affect the
character of the initial MI decay in the mass spectrum, but increases the stability
of MI (W, = 40.6%) (table 2).

For the mass-spectrometric decomposition of 1,8-dihydroxy-6-methoxy-3-
methyl-9,10-anthraquinone (2), the original fragmentation of MI, as in the case of
the emodin molecule (1), occurs as a result of the splitting off of the hydrogen
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atom, OH and CO with the formation of primary fragment ions F; [M-H]" with
m/z 283, F, [M-CH;]" with m/z 269, F; [M-OH]" with m/z 267 and F4 [M-CO]"
with m/z 256 (scheme 2).

H [M-HT* -CO [M-H-COT* €O [M-H-2CO]* -CO [M-H-3CO0]"
— E—— - — > m/z 19

m/z 283 m/z 255 m/z 227
Fl Fly Fl" Flm

-CHy [M-CHy]* “©  [M-CH;-cOl* "0 [M-CHy2c0]" _““©_ [M-CH;-3CO7"
L —_— - > 3 —_—
m/z 269 m/z 241 m/z 213 m/z 185
F F,' X "

OH [M-oH]" ‘O [M-OH-CO]* -CO [M-OH-2CO]" -CO  [M-OH-3CO]*
-t ™ miz 267 > mz239 > mz2ll T  m7z 183
OH O OH

ses! .
H;CO CH, to
3 o) —I
OH OH
-CO +
+e -Co -CH,0 [M-CO-CH,0]" [M-CH,0-2CO]
M [ ~  m/z 226 m/z 198
H;CO CH;
(6] Fe F;
[M-CO]"
m/z 256
Fy
-CO

-CH,0 [M-CH,0]*
—> m/z 254

Fs

Scheme 2 — Fragmentation of a molecular ion
1,8-dihydroxy-6-methoxy-3-methyl-9,10-anthraquinone (2)

A distinctive feature of the mass-spectrometric decay of MI (2), in contrast to
the emodin spectrum (1), is the elimination of the formyl radical CH,O and the
formation of the fragment ion Fs [M-CH,O]" with m/z 254 (scheme 2). The
intensity of the formed F;-Fs ions is I = 5-9% (table 1). The further decay of the
fragment ions F; [M-H]" with m/z 283, F, [M-CH;]" with m/z 269 and F; [M-
OH]" occurs by successive elimination of carbon monoxide molecules, which
leads to the formation of ions F;' [M-H-CO]" with m z 255, F," [M-H-CO-CO]"
with m/z 227, F,' [M-CH;-CO]" with m/z 241, F5' [M-OH-CO]" with m/z 239, F"
[M-OH-CO-CO]" with m/z 211. The most intense of these are F,' (I = 13% ) and
F, (I=10%).

It is possible to eliminate the formyl radical CH,O from the F, [M-CO]" m/z
256 fragment with the formation of the Fs [M-CO-CH,0]" ion with m/z 226
(I = 7%). The F¢ ion can also arise from the Fs ion, after the elimination of
the carbon monoxide molecule. The emission of a CO molecule from the Fs
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[M-CO-CH,0]" ion with m/z 226 leads to the pairing of the F; [M-CO-CH,O-
CO]" ion with m/z 198 (I = 5%).

1-Hydroxy-6,8-dimethoxy-3-methyl-9,10-anthraquinone (3). The replace-
ment of one a-hydroxyl group with an electron-donor methoxy group does not
affect the intensity of MI of compound (3), which is I = 100% (table 1), but
sharply decreases its stability - Wy, = 11.9% (table 2). Due to the diversity of the
MI decay channels, in the mass spectrum, multiple peaks of fragment ions are
observed.

For 1-methoxyanthraquinone, the main direction of the mass-spectral de-
composition of MI is the elimination of the carbon monoxide molecule to form
the ion fragment F; (m/z 210), from which the methyl radical and CO, as well as
the separation of H, HCO and CH,O, [M-H]', [M-HCO]" and [M-CH,O]"" respec-
tively [14]. The replacement of one a-hydroxyl group with a methoxy group in
the case of the derivative (3) sharply changes the picture of the MI decay, in com-
parison with the mass spectrum of the physcion (2). In the case of mass-spectro-
metric fragmentation of 1-hydroxy-6,8-dimethoxy-3-methyl-9,10-anthraquinone
(3), primary MI decays occur as a result of the splitting off of the hydrogen atom,
OH, H,0, CH,0 and the group of COCHj; atoms, of the primary fragment ions F,
[M-H]" with m/z 297, F, [M-OH]" with m/z 281, F; [M-H,0]" ¢ m/z 280, Fs [M-
CH,O]" with m/z 268, Fs [M-CO-CH;]" with m/z 255 (scheme 3). The most
intense peaks in the spectrum are due to the release of the water molecule -
F; [M-H,0]" with m/z 280 (I = 49%) and OH- F, [M-OH]" with m/z 281
(I=22 %) (table 1).

Further, the ions F;-F; and F¢ eliminate the CO molecule, with the formation
of the secondary fragment ions F,' [M-H-CO]" with m/z 269, F,' [M-OH-CO]"
with m/z 253, F3' [M-H,0-CO]™ with m/z 252 and F¢' [M-CO-CH;-CO]" with
m/z 227, and in the case of the Fs ion [M-CH,0]" ¢ m/z 268, another formyl
group of CH,O eliminates to form the radical cation Fs' [M-CH,0-CH,0]" with
m/z 238. The most intense peaks correspond to the ions F,' [M-H-CO]" with
m/z = 269 (I = 26%), F,' [M-OH-CO]" with m/z 253 (I = 19%) and F;'
[M-H,0-CO]™ ¢ m/z 252 (I = 70%) (table 1). The fragment ion F; can also con-
secutively lose the methyl group and carbon monoxide molecules to form the Fy
ion [M-H,0-CH;]" with m/z 265 (I=15%), F,' [M-H,0-CH3-CO]" with m/z 237
(I = 27%) and F," [M-H,0-CH;3-2CO]" with m/z 209 (I = 13%). The secondary
ion F¢' [M-CO-CH;-CO]" with m/z 227 due to the loss of the formyl group CH,O
forms the fragment ion F¢" [M-CO-CH;-CO-CH,0]" with m/z 197 (1 = 13%).

Thus, an analysis of the mass-spectral decomposition of MI of the group of
derivatives considered showed that if the decomposition of 1,8-dihydroxyanthra-
quinone (1) is associated with the successive elimination of two carbon monoxide
molecules to form the cation of dihydroxyfluorenone with m/z 212 (I = 15%) and
dihydroxybiphenylene F, [M-CO-CO]" with m/z 184 (I = 16%), the fragmen-
tation of the derivatives (2,3) depends on the position of the substituent in the
anthraquinone system. In the case of mass-spectrometric decomposition of emo-
din (1), in the region of high mass numbers, several low-intensity peaks of the
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Scheme 3 — Fragmentation of a molecular ion
1-hydroxy-6,8-dimethoxy-3-methyl-9,10-anthraquinone (3)

characteristic ions associated with the initial decay of MI can be identified as a
result of the splitting off of the hydrogen atom, CH;, OH and CO with formation
of primary fragment ions F; [M-H]", F, [M-CH;]", F5 [M-OH]" and F4 [M-CO]"".
The main direction of the decomposition of stable MI of emodin (1) (I = 100%,
Wi = 35.2%) is the consecutive elimination of CO molecules by the "anthra-
quinone" type with the formation of the radical cation 1,6,8-trihydroxy-3-methyl-
fluorenone F4 [M-CO]" with m/z 242 (I = 14%) and 1,6,8-trihydroxy-3-methyl-
biphenylene F,' [M-CO-CO]™ with m/z 214 (I = 7%). MI physcion (2) decays
with EI mainly by sequential ejection from MI of a hydrogen atom and two CO
molecules, and for a dimethoxy derivative (3), the underlying direction of decom-
position is the consecutive loss of H,O and CO molecules. The replacement of
one or two hydroxyl groups by the methoxy group in compounds (2,3) causes the
appearance of yet another direction of fragmentation associated with the elimina-
tion of the formyl radical CH,O. As in the case of the previously considered
methoxy derivatives of 9,10-anthraquinone [14, 17], substitution of the a-hydro-
xyl group by the methoxy group reduces the stability of MI to ionization by elec-
trons. So, if the stability of the MI physcion (2) is Wy, = 40.6%, then its a-methyl
ester (3) - Wy = 11.9% (Table 2). The low stability of the MI compound (3)
promotes the diversity of the MI decay channels, which is reflected in the mass
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spectrum of the derivative by the presence of a large number of peaks of frag-
ment ions.
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Pe3rome
T. B. Xapnamosa, C. JK. Kymazanueg

OMO/JIMH )XOHE OHbIH METHWIJI D®UWPJIEPIHIH MOJIEKYJIAJIBIK
NOHIOAPBIHBIH MACC-CITEKTPOMETPUAJIBIK ®PATMEHTALNSACBIHBIH,
CUITATTAMACEHI

3eprrey kymbic 1,6,8-ymruapokcu-3-metni-9,10-aHTpaXWHOHHBIH  (9MOAMHHIH)
JKOHE OHBIH KeWOip MeTHi1 3pupiepiHiH Macc-CEKTPOMETPHUSBI 3ePTTEyiHE )KOHE MOJIEKY-
JIApNBIK MOHIAPBIHBIH Macc-CHEKTPOMETpaIabl  (hparMEeHTAIMSCHIHBIH  CaJIbICTHIPMAIIbI
TalnjayblHa apHanraH. KapacTelppuFaH KOChUIBICTap TonTapbiHa MU KapKbIHIBI HIBIHBI
CHIATTHI )KSHE OHBIH TYPakKThUIbIFbI W, =11,9+40,6% KyObLITY MeJepinie eKeHi Kop-
cerinren. Mounekynapislk noHgapasiH (MUW) nonnsanusnay snexrponnapmer (M19) MBIk-
TBUIBIFBIHA OPBIHOACAPABIH SCepi KapasFaH KaHE OJIapIbIH MacC-CIEKTPOMETPAIIBI bI/bI-
pay KecTeci YChIHBUIFaH. TyBIHABUIAPABIH (PparMeHTAMSICEl OPBIHOACAPABIH aHTPAXUHOH
CUTEMACHIHAA OpHAJIACKAaH OPHBIHA TOYEJALTIr KepreaTiuFeH. DMOINH MOJICKYIaChIHBIH
MU Gacranksr ¢pparmenTanusice cyteri atombl, CH;, OH xone CO OeniHy HOTHXECiHIE
JKYPEi, all OHbIH METOKCHUTYBIHABLIAPHI jkoHE Gopmuil paaukansiibiH, CH)O snumunup-
JICHY1 CHIIATTHI.

Tyiiin ce3aep: Macc-CrEeKTP, MOJICKYJIAPJBIK HOH, ()parMeHTALUIAY, ICKTPOH/IBIK
HOHU3ALMsIAY, STUMUHUDICY, 9,10-aHTpaxMHOH TYBIHIBUIAPEIL.

Pesrome
T. B. Xapramosa, C. JK. Kymaeanues

XAPAKTEPUCTUKA MACC-CIIEKTPOMETPUYECKOM ®PATMEHTALIMHU
MOJIEKVYJIAPHBIX MOHOB SMO/JJUHA U ET'O METHUJIOBBIX 2®NPOB

Pabora mocpsiiieHa Macc-CHEKTPAIbHOMY HMCCIECOBAHUIO M CPaBHUTEIFHOMY aHa-
JIU3y MacC-CIEeKTPaIbHON (pparMeHTaIlul MOJICKYJSIPHBIX HOHOB 1,6,8-auruapokcu-3-me-
Tin-9,10-aHTpaxiHOHa (3MOAMHA) U ero METHJIOBBIX 3¢upoB. Ilokazano, uro mma pac-
CMaTpUBaeMOM IPyIIbl COSANHEHNI XapaKTepeH HHTEHCUBHBINA MuKk MU, a ero craOuib-
HOCTb Bapbupyercst B mpezgenax 11,9+40,6 %. PaccmoTpeHo BiusiHME 3aMECTHUTENS Ha
YCTOMUMBOCTh MONEKYISIPHBIX HOHOB K MOHM3ALUU 3JIEKTPOHAMHU U MPEISIOKECHBI CXEMBbI
UX Macc-CleKTpalibHOTo pacnana. ITokazaHo, 4To parMeHTanus MPOU3BOAHBIX 3aBHCHUT
OT PACHOJIOKCHHUS 3aMECTUTEINS B aHTPAXUHOHOBOH cructeMe. IlepBoHavanbHas (pparMen-
tayst MU Monekyisl SMOJIMHA IPOUCXOAUT B PE3YIbTATE OTLICIIIIEHUSI aTOMa BOAOPOJIa,
CH;, OH u CO, a nas ero METOKCUIPOU3BOAHBIX XapaKTEPHO TAKXKE DIIMMHHUPOBAHHE
¢dopmmsHOTO pagnkana CH,O.

KnroueBble c10Ba: Macc-CIieKTp, MOJEKYJSIPHBIA HMOH, (hparMeHTaIys, 3JIEKTPOH-
Hasl HOHU3aNus, JTUMUHIPOBAaHNE, TPOM3BOAHBIE 9,10-aHTpaXnHOHA.
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EFFECT OF THE POLYMER TEMPLATE MODIFICATION
ON THE STUCTURE AND PROPERTIES
OF THE COPPER NANOTUBES EMBEDDED
IN COMPOSITE TRACK-ETCHED MEMBRANES

Abstract. This paper is devoted to the study of the preliminary oxidative modifica-
tion effects as well as activation and sensitization conditions of PET track etched mem-
branes (TeMs) on the structure of copper nanotubes (NTs) synthesized by the electroless
deposition approach. The structure and composition of the synthesized composite mem-
branes was studied by advanced methods such as: UV-Vis spectroscopy, energy disper-
sive analysis, scanning electron microscopy, X-ray diffraction and gas permeability.

The catalytic activity of Cu/PET TeM catalysts obtained under various deposition
regimes has been studied using the benchmark reaction of the p-nitrophenol (p-NP)
reduction in the presence of the sodium borohydride. It was shown that the highest value
of the constant rate of the p-NP reduction reaction was determined for the composites
prepared in the modified and double activated PET TeMs.

In the temperature range of 16-35 °C, the effect of temperature on the rate of the
p-NP dehydrogenation reaction in the presence of composite catalysts based on copper
NTs was studiedand the activation energy values were calculated. the lowest values of Ea
were determined for samples synthesized in a matrix of unmodified and simple activated
PET TeMs.

Keywords: copper nanotubes, electroless template synthesis, oxidation pretreatment,
track-etched composite membranes, p-nitrophenol reduction

Introduction. Composite track-etched membranes (TeMs) with deposited
nanotubes (NTs), nanowires (NWs) or nanoparticles (NP) form a new class of
composite nanomaterials and are subject of investigation in various fields of
membrane materials science. Literature data analysis shows that such composite
membranes are a promising material for the development of lead-acid batteries,
nanosized energy generators, high-sensitivity electrodes, elements of nano- and
microelectronics, nanosensorics and photovoltaics, and magnetic devices [1-5].
Composite materials based on TeM s and NTs, NWs or NPs deposited by various
methods have a large catalytically active specific surface, high mechanical
strength, which allows them to be used for several consecutive reaction cycles
without purification and activation. In most of the previously published works
devoted to the study of the catalytic properties of the composite membranes a
reduction reaction of p-nitrophenol (p-NF) is used [6,7]. The catalytic properties
of monocomponent composites based on TeMs and gold NTs [8], AgNTs [9],
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Pt NTs [10], Au [11] and Pd [12], composites of mixed composition of Ni-Co Ni-Co
[13], Ag/Au [14]. Moreover, in a number of works the authors managed to
achieve an increase in the activity of composite materials by carrying out a preli-
minary modification of the polymeric template [11,15]. However, despite the
diversity of the types of studied composite membranes, a limited amount of data
on the reduction ability of copper NTs in composites has been found in the
literature, although a number of review articles [16,17] indicate a significant
potential for using nanosized copper and its compounds in organic synthesis as
effective catalysts. In addition, nanostructures (NSs) based on copper and its
oxide forms are objects of close study due to their surprising properties in the
nanoscale state[18].

The purpose of this work is to study the effect of a preliminary oxidative
modification of the activation conditions and sensitization of PET TM on the
structure of copper NTs obtained by chemical deposition. It is of interest to con-
sider the change in the catalytic properties of Cu/PET TeMs composite catalysts
obtained under different deposition regimes.

EXPERIMENTAL

Chemicals. Copper (II) sulfate pentahydrate, sodium potassium tartrate,
sodium hydroxide, palladium chloride, p-nitrophenol (4-NP) and sodium
borohydride (Sigma) and all the other chemicals were of the analytical or reagent
grade and were used without further purification.

Oxidation pretreatment of PET template. PET TeM samples were oxi-
dized in H,O,/UV system. Details of the method were described elsewhere [3].
Membranes were immersed in 300 mM H,0, water solution at pH=3 (HCI) for
180 min under UV irradiation at 254 nm. After oxidation the samples were
washed twice in deionized water, dried in air at room temperature for 5 h.

Determination of change in carboxyl groups on the surface of PET TeMs
before and after oxidation was made according to the procedure were described
elsewhere [4] using toluidine blue dye. The calculation is based on the assumption
that 1 M of dye complexed with 1 M of carboxyl groups.

Electroless template synthesis of copper NTs. TeMs were prepared from
12.0 um PET film by irradiation with”°Kr** ions (energy = 1.75 MeV per nuc-
leon, fluence = 4-10” ions/cm”) at the DC-60 heavy ion accelerator in Astana,
Kazakhstan. Subsequently, the irradiated film was etched 4.0 min in 2.2 M NaOH
solution at 85 + 1°C. The pore size did not exceed 395+5 nm.

Prior to electroless deposition (ELD) of copper, the PET template was
exposed to activation and sensitization procedures [38]. On the first stage a
sample of PET TeM was immersed in a solution containing 50 g/l of SnCl, and 60
ml/l of 37% HCI for 6 minutes, afterword it was thoroughly rinsed for 10 min
under flowing warm water. At the next activation stage, the sensitized membrane
was immersed for 6 min into solution of 0.1g/l of PdCl, and 10 ml/l of HCI to
provide formation of the thin layer of Pd nuclei and finally dried on the air [32].
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To study the effect of activation treatment on the copper NTs deposition process,
sensitization and activation stages were repeated twice for a series of sample.

Deposition was carried out at the temperature of 10°C. The activated
polymer matrix was immersed in a thermostated deposition solution
(KNaC4H4O4-4H,0 - 18 g/l, CuSO45H,0 - 5 g/l, NaOH - 7 g/l) and carefully fi-
xed to avoid its expulsion by bubbles of evolved hydrogen. The desired pH = 12.45
was adjusted by the addition of sulfuric acid. The copper deposition process
started immediately after the addition of 0.13M formaldehyde, for all the regimes,
the deposition time did not exceed 40 min. At the end of the ELD, the samples
were washed in a 96% ethanol solution and in deionized water and dried in an
inert atmosphere.

Characterization. The structure of the copper NTs deposited in PET TeMs
was investigated using a scanning electron microscope (SEM) JEOL JFC-7500F.
Hitachi TeM3030 SEM equipped with a BrukerXFlash MIN SVE microanalysis
system was used to elucidate the chemical composition of the resulting NTs.
X-ray diffraction (XRD) measurements of the “as-prepared” composite membrane
samples were obtained on a D8 Advance (Bruker, Germany). X-ray was gene-
rated at 40 mA and 40 kV and the scanning position ranged from 15-90° 2(6). The
crystal grain sizes were calculated using Scherrer equation.

Catalysis. A sample of Cu NTs composite membrane of size 2x2 cm was
immersed into the stirred reaction mixture of 10 ml of 7.82-10° M 4-NP and the
7.82-10° M NaBH, aqueous solution [5]. The reaction was monitored at a
temperature of 25+0.1 °C every 5-7 minutes using UV-Vis spectrophotometer in
the wavelength range 200-600 nm. All samples were tested 3 times. Pseudo-first
order reaction rate constants were calculated by plotting In(Ay/A,) versus time
(A; and Ay is absorbance at A = 400 at time t and in t=0). The slope of the line of
best fit in the plot gives the pseudo-first order rate constant.

RESULTS AND DISCUSSION

In this study, copper NTs deposition was carried out in etched (Etch-PET
TM) as well as oxidized (OX-PET TeMs). Previously [21] was found that the
treatment of PET TeMs in oxidation systems based on hydrogen peroxide allows
to significant increase the concentration of terminal carboxyl groups. Within this
study we have obtained modified PET templates with a concentration of termi-
nal carboxyl groups on the surface and in channels of the membrane equal to
14.9 + 0.8 nM/cm” (for only etched PET TM this value is 6.0 + 0.1 nM/cm?).

Determination of the synthesis optimal conditions is the quietly important
issue due its impact not only on the structure of nanomaterials but also on pro-
perties. Thus, sensitization stage the adsorption of Sn** ions occurs on the surface
and in the pore channels of the PETTeMs (figure 1).

Further on the activation stage, Sn*" acts as the reductant of Pd*" ions after-
ward the formation of dense layer of nanosizedPdnanoparticles as a catalytic
nuclei was observed.
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Figure 1 — General scheme of copper electroless deposition in the PET template

The formation of palladium nanoparticles at the activation stage (figure 2)
was confirmed by X-ray diffraction (JCPDS 05-0681). And the dimension of
nanoparticles (6.7+0.05) nm remains practically unchanged with several repeated
procedures. Visual observation of the activated samples showed that multiple
stages of sensitization and activation provide a denser layer of catalytic nucleation
centers for palladium throughout the entire volume of the template.

Intensity, imp

Figure 2 — XRD patterns of the PET TeM after single and double activation treatment

The energy-dispersive analysis was carried out to determine the chemical
composition of copper NTs immediately after plating. It was found that the
synthesized Cu NTs consist entirely of copper; the minor peak at 1.5 keV corres-
ponds to SEM sample holder, peaks related to the carbon and oxygen are belong
to the PET.

According to the XRD analysis data, all synthesized samples of the Cu NTs
has afcclattice of copper and XRD pattern contained the(111), (200), (220) u
(311), peaks related to the Cu’. XRD data as well as copper deposition rate (R)
and the structural parameters of final copper NTs are presented in the table 1. It’s
should be noted that samples deposited in modified template possess a higher
crystallinity.
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Table 1 — Structural parameters of the copper NTs

Structural parameters
Number L a, Crystal- R, of NTs
Ne Template of Nm A linity, |mg/em®h | Wall Inner
activation % thickness, | diameter,
nm nm
1 |Etch-PET TeMs 1 18,0+2,7 | 3,602 43,8 5,72 73,7 249
2 |Etch- PET TeMs 2 19,9+£2,9 | 3,594 52,5 5,632 88,15 203,3
3 | Ox- PET TeMs 1 15,0£2,8 | 3,604 42,8 5,448 64,0 268,2
4 | Ox- PET TeMs 2 214432 3,597 | 53,1 5,748 79,5 2373

SEMimages of the composites surface after copper deposition in the Etch-
PET TeMa and Ox-PET TeMs samples after single and double activation treat-
ment are presented on the figure 3. The sample code is given in accordance with
table 2.

Figure 3 — SEM front side images of the Cu NTs composite membranes
and magnified images of the released Cu NTs

As could be seen from SEM images of Cu-2 and Cu-4 a double repeated
activation of the oxidized template surface provides the formation a copper layer
consisting of more coarse-grained NPs, the wall thickness is almost 20% larger
than in samples deposited in Etch-PET TeM templates.

Starting from Pradhan [28] reduction of 4-NP by sodium borohydride
reaction has been used as a benchmark reaction for the evaluation of catalytic
ability of nanosized catalysts [22].This reaction could be easily monitored by
UV-vis spectroscopy: 4-NP shows a characteristic absorption peak at 400 nm in
water solution from another hand the product, p-aminophenol (4-AP), exhibits a
weak absorption peak at around 299 nm.The studied reaction has the pseudo-first
order in the presence of excess of NaBH4, that allows to study the kinetics of the
reaction to change the amount of the starting reagent 4-NP (figure 4).

As can be seen from the presented data, the preliminary oxidative modifi-
cation of the PET template facilitates an increase in the catalytic activity of the
composite membrane. In addition, for the OX-PET TeM sample (double activa-
ted) the of p-NPconstant rate increases by more than 40% compared to the sample
prepared according to a standard procedure (Etch-PET TM, single activated).
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Figure 4 — The changes of constant rate and activation energy of the 4-NP reduction reaction
in the presence of the composite membranes with embedded copper nanotubes

The impact of testing temperature on the catalyticability of the synthesized
composite membranes were studied in the temperature range of 16-35 °C and the
activation energy was calculated based on the Arrhenius plot (also presented in
the figure 4).

The increased value of Ea for sample Ne 4 is caused by bigger size of copper
crystallites than in other studied samples.

It is very difficult to carry out a comparative analysis of the Ea data obtained
with the earlier studies of the temperature dependence of the catalytic activity of
copper nanostructures, since the different shape of the copper tested NSs, their
dimensionality, the type of substrate, the fixing method and test conditions may
differ. Thus, for a hybrid microgel based on nanosized copper and a copolymer of
N-isopropylacrylamide and acrylic acid, the Ea value in the reduction reaction of
p-NP was claimed to be 0.8 kJ/mol [22], for an analogous reaction in the presence
of nanosized copper stabilized with polyvinipyrrolidone, Ea equal to 45.76 and
82.96 kJ/mol for NPs with size of 9 and 11 nm respectively [23].

The main conclusions that can be drawn from thepresented above results are:

— A preliminary oxidative modification of the PET TeMs template allows a
significant increase in the concentration of terminal carbonyl groups and, cor-
respondingly, an increase in the amount of palladium NPs as active nuclei of the
copper NTs growth.

— The highest value of the p-NP reduction reaction rate constant was deter-
mined for samples of composites synthesized in modified and double activated
PET TeMs. However, the largest value of Ea was also calculated for this sample.
We assume that main reason isa sharp increase of the reaction rate: with an
increase in temperature from 16 to 35 © C, the reaction rate increases by 9 times
for sample Nel, but for samples with a minimal Ea value this parameter increases
only by 1.75 times in the same temperature range.
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Pe3rome

A. A. Mawenyesa, K. O. Typanbaii, A. M. Temip, A. JI. Koznosckuii,
A. P. Kpexewesa, A. C. Cerimbaes, /]. T. Hypneiicosa

BJIMSHAE MOJINOUKALIUA ITOJIMMEPHOI'O TEMIUIATA
HA CTPYKTYPY 1 CBOUCTBA HAHOTPYBOK MEIN
B COCTABE KOMITIO3UTHBIX TPEKOBBIX MEMBPAH

PaboTa mocBsieHa W3Y4YEHHIO BIMSAHUS TPEABAPUTEIHHON OKHCIUTEIEHOW MOIH-
¢ukamn u yciaoBuit aktuBamu u ceHcuommmsanuu [19T® TM na crpykrypy HT memn,
MOJYYCHHBIX METOIOM XUMHNYCCKOTO OCAXKICHMA. CprKTypa 1 COCTaB CUHTEC3UPOBAHHBIX
KOMITO3UTHBIX MeMOpaH Obuia u3ydeHa meronamu: Y D-CEKTPOCKONHUS, SHEPrOAUCIIEP-
CHOHHBIH aHaJN3, PACTPOBas 3JCKTPOHHAS MHKPOCKOIHs, PEHTTCHOBCKas au(pakTo-
METPHS U METO/I Ta30MPOHHUIIAEMOCTH.

Ha npumepe kiaccuueckod peakiMy BOCCTaHOBIEHHWs! M-HUTpodeHnona (nm-HD) B
MIPUCYTCTBUH OOprHApUAa HATPHs ObUTa M3ydeHA KaTAINTHYECKash aKTUBHOCTH KaTalld-
3aropoB Cuw/IIOT® TM, mosydeHHBIX NIPU Pa3IUYHBIX peXHMax ocaxkaeHus. IlokazaHo,
YTO HauOoJblIee 3HAYCHHE KOHCTAHTHl CKOPOCTH peakiy BoccTaHOBiIeHHs N-HD 6buto
OIIPEZIETICHO AT 00pa3I[0B KOMIO3UTOB, MOTYUYEHHBIX B MOANGHUINPOBAHHBIX M ABAXK/IBI
aktuBHpoBaHHEIX [[1DT® TM.

B mnTepBane remmnepatyp 16-35 °C Obuto mccienoBaHO BIUSHHUE TEMIEpaTyphl Ha
CKOPOCTH pCaKIIuu ACTUAPHUPOBAHUA n-H® B MMPUCYTCTBUH KOMITO3UTHBIX KaTaJIM3aTOPOB
Ha ocHoBe HT MEAM, HAa OCHOBAHUH IMOJYYCHHBIX JaHHBIX ObLTH paccuuTaHbl 3HAYCHUA
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sHepruu aktuBauuu. HauMenpiee 3HaueHune Ea Obu1o paccunrtano ajist o0pasioB, CHHTeE-
3MPOBAaHHBIX B MaTpulle He MoauduitupoBaruoi [I9TD TM.

KiroueBble cioBa: MeqHbe HAHOTPYOKH, CHHTE3 HEOPTaHMYECKUX MATpHII, Mpe.-
BapuTEIbHAs 00pab0OTKa OKUCICHUEM, KOMIIO3UITHOHHBIC MEMOPaHBI C TPEK-TPABIICHHUEM,
CHIDKEHHE T-HUTPOQEHOIIA

Pe3iome

A. A. Mawenyesa, K. 6. Typanbéaii, ©. M. Temip, A. JI. Ko3noeckuil,
A. P. Kpexewesa, A. C. Cetimbaes, /]. T. Hypneiicosa

KOMIIO3UTTI TPEKTI MEMBPAHAJIAP K¥PAMbBIH/IAFBI
MBIC HAHOTYTIKIIEJIEPTHIH K¥PAMbBI MEH K¥PLUJIBICBIHA
TYPJIEHI'EH TEMITJIIAHTTHI ITOJIMMEP/ITH ©CEPI

XUMUSUTBIK TYHIBIPY 9JIiCiMeH anibiHFaH MbicHaHoTyTikmenepai (HT) toreiry Moau-
(UKaNMSICHIMEH XMMUSUIBIK JKayblH IIAIIBIH apKbUIbl aJbIHATHIH KypbUIbIMbIHA [IDT®
TpekTik MemOpananapusiy (II9TOTM) GencenaipyaiH xoHe CEHCHOMITU3ANUSHBIH dCEPiH
3eprreyre apHairaH. CHHTE3eNTeH KOMIIO3UTTIK MeMOpaHalapAblH KypaMmbIMeH Kypa-
MbI: YK-CIIeKTpoCcKonHsI, SHEPTETHKAIIBIK TUCIICPCTI Taiay, CKaHepAEH OTETiH JICKTPOH-
IBIK MHUKPOCKONHS, PEHTTCHAIK AU(PAKTOMETPHUS JKOHE Tra3 OTKI3TIMITIri omicTepiMeH
3epTTeN .

Typmi TyHoslpy pexwmmMaepinae ampiaFaHn Cu/TM IIDT® katamm3aTopiapbIHBIH
KaTaJUTUKAIBIK OENCeHIUIiri HaTpuid OOp THAPUIIHIH KaTBHICYBIMEH IT-HUTPO(EHOJIbI
(n-H®) azaiity yuIiH KIacCHKaJbIK PEaKUUSIHbI KOJJAaHy apKpUibl 3eprrenai. mn-HO
TOMEHJIETY PEaKIMSICHIHBIH JKbUIAM/BIK TYPaKThl KOHCTAHTACBIHBIH MOHIHIH €H YKOFaphbl
MOHI MOM(UKAIUSIIAHFAH JKOHE €Ki ece akTHB TeHaipuiren TMIIDT® anbiaran KoMIO-
3WT YITUIEp] YIIIiH aHBIKTaJFaH.

16-35°C rtemmnepatypana mbic HT HerizgenreH KOMITO3MIMSIIBIK KaTajM3aTopiiap-
JIBIH KaTbIcybIMeH N-H® neruapuprneHren peakiMsChIHBIH JKbIIIAM/IBIFBIHA TEMITEpaTy-
PaHBIH acepi 3epTTeN/li XKOHEe AIBIHFAaH MOHEP HETi3iHJe aKTUBTEHIIPY SHEPTUsl MOHAIEPI
ecentenred. Cunresnenren ynrinep ymin TMIIOT® moandunmpienreH emec Marpuia-
ceiHAa eq TeMeHTi Ea MoHzaepi ecenTenrex.

Tyiiin ce3nep: OeflopraHMKaNbIK MaTPUIIAHBIH CUHTE31, TOTHIFY/ABIH aJJIbIH ajla eM-
Ieyl, TpeK-oHIeNTeH KOMIO3HIIMSITBIK MeMOpaHaap, p-HUTPO(EHOIIBI a3anTy.
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PACTBOPUMOCTB CUCTEMbI
K,S04-K,CO;-KHCO;-H,0 ITPU 0 °C

AHHOTanus1. PaccMOTpEHBI pe3yNbTaThl U3yUCHHsS] PACTBOPUMOCTH B HOHBApHAHT-
HbIX Toukax cucteMbl K;SO4-K,CO3-KHCO;-H,0 npu 0 °C u guarpammbl COCTOSTHUS TIPH
HU30TCPMHUUCCKUX YCIOBHUSX.

KiroueBble ci10Ba: pacTBOPUMOCTh, PAaBHOBECHUE, JKUAKas (a3a, XUMHUUYCCKUIA aHa-
T3, KPUCTAIUIOONI THYCCKUH aHAIN3, IUarpaMMa, TeOMeTpHIeCKie 00paskl.

BBenenue. YersipexxkommnonentHas cucrema K,SO,—K,CO;—KHCO;-H,0
SIBJIISICTCSI COCTAaBHOM 4YacThio 0o0Jiee CIIOMKHOM IIECTHKOMIIOHEHTHON CHCTEMBI
K,Ca//S04,CO;,HCO;,F-H,0. CocrosiHrie (a30BbIX paBHOBECHH M COCTaBIISIO-
[IUX €€ MATH- M YCTHIPEXKOMIIOHCHTHBIX CHCTEMaX OMNPEACIAIOT YCIOBHS yTH-
U3 KUJIKUX OTXOJ0B QJIIOMHHUEBOTO IPOU3BOJICTBA, KOTOPBIE COAEPIKAT
bTopuabl, KapOOHATHI, THIPOKAPOOHATEI U CyNb(GAThl HATPUS, KANUSA U KaNbIUSI
[1,2].

B Hacrosieii paboTe pacCMOTPEHBI PE3yJbTaThl MCCIICIOBAHUS CUCTEMBI
K,SO4,~K,CO;—KHCOs5-H,0 npu 0 °C MeTo10M pacTBOPUMOCTH C TICITI0 YCTAHOB-
JICHHUS KOHIIEHTPAIMOHHBIX MAPaMETPOB MOJIOKEHHUS e€ TeOMETPUUECKUX 00pa3oB
U COOTHOIICHHSI TOJeH KPUCTAJUTM3AIMA WHIUBUYaTbHBIX PABHOBECHBIX TBEP-
X ¢a3. Panee [3] meTromom TpaHCHANNK OBUIM YCTaHOBJIEHBI (ha30BBIE paBHO-
BECHSI HCCIICyEeMON CUCTEMBI U IOCTpOcHa e€ (ha3oBas [uarpamma.

OKCITEPUMEHTAIJIBHAA YACTD

PaBHOBecHbIME TBEPABIMU (a3aMu HccieayeMoi cucteMsl pu 25 °C sBis-
tores: K,CO;-1,5H,0 — K- 1,5; K;SOy4- — Apkanut (Ap); KHCO;-K,CO5-1.5H,0 - S
u KHCO; — kanmunuaunt (Ki).

Jist onbITOB OBLTH UCTIONB30BaHbI ciieaytonue peaktuBbl: K,CO; (4); KySOy
(x.1); KHCOj3 (4). OnbITHI TPOBOAMIIN COTIIACHO METOAY JOHACHIIIECHUS [4].

Ucxonst w3 maHHBIX [5, 6], HAMH TpPEIBApUTENBHO OBUIM TMPHUTOTOBJICHBI
CMECH OCAJKOB C HACHIIIICHHBIMUA PACTBOPAMH, COOTBETCTBYIOITUMHU HOHBAPHAHT-
HBIM TOYKaM, COCTABJISIIOIINX HKCCICAYEMYIO YETBIPEXKOMIIOHEHTHYIO CHUCTEMY
TpexkoMmmoHeHTHRIX — cucteM: K,CO;-K,SO4-H,0; K,COs;-KHCO;-H,O m
K;SO4-KHCO;3;-H,0 npu 0 °C. 3arteM, HCXOAsl U3 CXEMbl TPAHCISLIMM HOHBA-
PUAHTHBIX TOYCK YPOBHS TPEXKOMIIOHCHTHOTO COCTaBa HAa YPOBEHHb UYETHIPEX-
KOMITOHEHTHOTO cocTaBa [3], MPUTOTOBJICHHBIC HACBIIEHHBIE PACTBOPHI, C
COOTBETCTBYIOUINMH PaBHOBECHBIMH TBEPIBIMH (a3aMu, TepeMelInBas TepMO-
cratupoBanu npu 0 °C 10 TOCTHKEHUS PaBHOBECHSL.
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TepmocratupoBanue npoBogwin B yibrparepmocrate U-8. Ilepememn-
BaHHUE CMECH OCYIIECTBIISUIA C TIOMOIIBI0 MAarHUTHOU Mermanku PD — 09 B Tede-
auu 50-120 4. Temmeparypa mommepkuBanack ¢ TouHocteio + 0,1 °C ¢ mo-
MOIbI0 KOHTAKTHOTO TepMOMeETpa. 3a KpHucTaum3auuei TBEpAbIX (a3 Habiro-
nanmu ¢ nomoibio Mukpockona «I[IOJIAM-P 311y». [locne moctwxeHus paBHO-
BECHsI B CHCTeME paBHOBECHbIe TBEpAbIE (a3wl coTorpadrpoBamy mHGPOBHIM
¢doroanmapatom «SONY- DSC-S500». [loctuxkeHue paBHOBECHs YCTaHAaB-
JMBAJIOCh IO HEM3MEHHOCTH (a30BOTO cocTaBa ocaakoB. OTAeleHUE KUIKOW U
TBEPAOH (ha3bpl OCYIIECTBISUIM C MOMOIIBIO BaKyyMHOI'O Hacoca depe3 00e330-
JIeHHYIO (CHHSS JIeHTa) GMIBTPOBaIbHYIO0 Oymary Ha BopoHke broxaepa. Ocamok,
nocie GUIbTpauru, TPOMBIBaIH 96%-M STHIOBBIM CITUPTOM U BBICYIIMBAIIM MPU
120°C.

PE3VJIbTATBI U UX OBCYXXJAEHHNE

XUMHUUYECKHI aHAIIM3 KHUIKOW (ha3bl MPOBOJIWIN IO U3BECTHBHIM METOAMKAM
[7-9] (Tabamma 1).

Tabnuma 1 — PacTBOpUMOCTE B y37OBBIX (HOHBApPUAHTHBIX) TOUKAX
cucrems! K,SO,~K,CO;—KHCO;-H,0 npu 0 °C

O6o3HaYeHHS Cocras xukoit dasbl, mac.% da3oBblif cOCTaB

TOHeK K,CO; K,SO, KHCO, H,0 OcanKos
el 51.70 - - 48.30 K15
e - 6.78 - 93.22 Ap
e - - 18.69 81.31 Kc
E.’ 51.30 0.15 - 48.55 K-1.5+Ap
E,’ 50.60 - 1.56 47.84 K-1.5+S
E;} 49.10 - 2.19 48.71 Ku+S
E, - 3.36 2.94 93.69 Ap+Ku
E* 20.70 3.42 13.90 61.98 K-1.5+S+Ap
E)* 36.69 6.20 11.20 4591 Kc+S+Ap

Pesymnprarer kpucramtoontudeckoro ananm3a [10] paBHOBECHBIX TBEPIBIX
¢a3 (Mukpogororpadun) npeacTaBicHbl Ha pUCYHKeE 1.

Ha ocHOBaHMM MMOyYEHHBIX AaHHBIX [TOCTPOCHA JHarpaMMa pacTBOPUMOCTH
cuctemsl K,SO4—K,CO;—KHCO3-H,0O mpu 0 °C, xotopasi mpeacTaBieHa Ha pH-
cynke 2. [TonoKeHHs] HOHBAPHAHTHBIX TOYEK YPOBHs TpexkommonenTHoro (E,’) u
gethipexkomnonentHoro (E,') cocTaBoB, rie n — HOMepa TOUYEK, HA JUATPAMME
YCTaHOBJIEHBI 110 MaccleHTpuueckomy Merony [11]. B cBa3u ¢ manoit pactBo-
puMocTbio coneii Ap u Kii B NpHBEIEHHBIX YCIOBHSX 3TO CONPOBOXKIACTCS
CMELICHUEM IIOJIOKEHHS (PUIYypaTUBHBIX TOYEK CMeceil K BOJHOMY YTy, KOH-
LIEHTpaIus BOHI 1:5.
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K-1.5+Ap K-1.5+8
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S+K1g Ku+Ap

K-1,5+S+Ap Kc+S+Ap

Pucynok 1 — Mukpodororpadun paBHOBECHBIX TBEPIBIX (ha3 CHCTEMBI
K,S0,-K,CO;-KHCO;-H,0 npu 0 °C (yBenmnuenne 260 pa3)

Ha pucynke 2 npuBeneHa «obmas» (a) u «coieBasi» (0) 4acTH JuarpaMMbl
pactBopumoctu cucrembl K,SO,~K,CO;—KHCO;-H,O npu 0 °C, roe otpakeHo
B3aMIMHOE PACIOJIOKEHNE W OTHOCHUTENBHBIX Pa3MEpOB IOJIEH KPUCTAJUIH3AINN
COOTBETCTBYIOIIMX PaBHOBECHBIX TBEPABIX (a3. Kak criemyer u3 pucyHka 2, npu
0 °C B mccnemyeMoit YeTHIPEXKOMITOHEHTHOW CHUCTEME TIOJIe KPUCTALTU3AINH
apkanuta (K,SO4) 3aHMMaeT e€ 3HAYUTEIbHYIO YacTh, YTO XapaKTEPU3YyET MaIyIO
PacTBOPUMOCTH 3TOH COJIM B MPUBEAEHHBIX YCIOBHUSX.

Orncanne coaepKaHus TEOMETPHIESCKIX 00pa3oB puCyHKa 2 (ToJist, KpUBEIE,
TOYKH) MPUBEACHBI B TAOIHUIIE 2.
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KHCOs

K0, K:«CO:EP K504
a) 6)

Pucynok 2 — lnarpamma pactBopumoctu cuctems! K,SO,~K,CO;—KHCO;-H,0 npu 0 °C:
a) obmras; 0) coneBast 4acTh

Tabmuua 2 — OnucaHue coaep:kaHus TeOMETPUUECKUX 00pa30B (TI0JIs, KPUBBIE, TOUKH) HA PUCYHKE 2

O6o03Ha4eHUS
ret?;\:l:i;[; - Pacmmdposka 0603HaYEHMIA
obpazoB
1 2
e PacTBopuMOCTh KapOOHATa KalHs B BOJE
e PactBOprMOCTS Cynb(aTa Kaaus B BOIC
&3 PacTBOpHMOCTh rHIPOKapOOHATA KaJHsl B BOJE
Ef Touka coBmectHOl Kpuctammuzauu K- 1.5+Ap B cucreme K,CO3-K,SO4-H,0
E3 Touxa coBmecTHol kpuctamuzauuu K1.5+S B cucreme K,CO5;-KHCO;5-H,0O
E3 Touxa coBmecTHOU KpucTammu3anuu Ku+S B cucreme K,CO;-KHCO;3-H,0
E3 Touka coBmectHOU kpuctammu3anuu Kir + Ap B cucreme K,SO4-KHCO5-H,0O
g4 Touxa coBMecTHOU kpucTammusanuu K1.5+S+Ap
1 B cucreme K,S04-K,CO3-KHCO5-H,0
B4 Touxa coBMecTHOH KpucTamuzanuu Ku+S+Ap
B cucreme K,S0O,-K,CO;-KHCO;-H,0
e-E3 Kpunas kpucrammzanuu K-1.5 B cucreme K,CO5-K,SO4-H,O
e-E3 Kpusas kpucramuzanuu K-1.5 B cucreme K,CO5;-KHCO;5-H,0
e,-E3 Kpusas kpucramnuzauuu Ap B cucteme K,CO;3-K,SO,4-H,O
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OxoHnuanue mabauyvl 2

1 2

e-E3 Kpusas kpuctammmzannu Ap B cucreme K,SO,-KHCO;-H,0

e;-E3 Kpusas kpucrammszanuu K B cuctreme KHCO;5-K,CO3-H,0

e;-E3 Kpusas xpucrannuzanuun Ku B cucteme KHCO;3-K,SO,4-H,0

E3-E3 Kpusas kpucramuszauuu S B cucreme K,CO;-KHCO3-H,0
BB | oerene QOSSO0
ES-Ef Kpusas comectHoii kpucraumzanuu K-1.5+S B cucreme K,CO3-KHCO;-H,0
Eg - Eg Kpusas coBmecTHO# Kprctamuzanuu Kii+S B cucreme K,CO3;-KHCO;5-H,0
ES-E; Kpunas coBmectroit kpuctammuzanuu Ki+Ap B cucreme KHCO;3-K,SO4-H,0O
E* - B Kpunas coBmectHol kpuctammuzanud S+Ap B cucreme K,CO3-K,SO4-

KHCO;-H,0
elEiE‘{Egel ITone kpucrammzanuu K-1.5 B cucreme K,S0,4-K,CO;-KHCO;-H,0

e, ESEYES Eze2 Ione kpuctammuzanuu Ap B cucteme K,S04-K,CO5;-KHCO;3-H,0
e3E§E‘2‘Ef;e3 Tone xpucrammzanuu Ki B cucreme K,SO4-K,CO;3;-KHCO;-H,0
ESES E: Ef Ez Tone kpucraumsanuu S B cucreme K,S0,4-K,CO3-KHCO;3-H,0
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Pe3iome
JI. Conues, b. M. Hopazumosa, M. T. JKymaes
K»S0,-K,CO;-KHCO;-H,0 0 °C )KYWECIHIEI'T EPITTILTIK

K,S0,-K,C0O;-KHCO3-H,0 xyiteciniy 0 °c epIriITiri KapacTeIpsuiabl. M30TepMusi-
JIBIK JKaFJai/ia epirilTik AuarpaMmMachl KenTipiii.

Tyiiin ce3aep: epiriiTik, Tene-TeHAIK, CYWbIK (a3a, KaTThl (a3a, XUMUUIBIK Tal-
Jay, KPUCTaJIbl ONTHKAJIBIK TAJay, AMarpaMmma, TeOMEeTpHsUIBIK OeliHenep.

Summary
L. Soliev, B. M. Ibragimova, M. T. Jumaev

SOLUBILITY IN THE SYSTEM K,S0,;-K,CO5;-KHCO;-H,O
AT 0 °C TEMPERATURE

In manuscript the investigation of solubility at invariant points in the system
K,S0,-K,CO;-KHCO;-H,0 at 0°C is presented. The solubility diagram of the system is
modeled according to the evidences obtained.

Key words: solubility, equilibruim, liquid phase, solid phase, chemical analysis,
cristallooptical analysis, diagram, geometrical images.
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VK 546.267; 661.888; 546.73

P. A. KAUBIHBAEBA, A. A. ATATAEBA, P. M. YEPHAKOBA,
Y. K. JPKYCHIIBEKOB, K. E. EPMEKOBA

AO «HHcTutyT XuMuueckux Hayk uM. A. b. bektypoBa», Anmatsl, Kazaxcran

NCCJIEJTOBAHUE B3AUMOJENCTBUSI
B TEKCAIHUAHO®EPPAT (11I)-
BAHAJ/IWJI-HUKEJIb(II) COAEPKAIIUX CUCTEMAX
Cooomenue 1. MccienoBanne cucreM
K3 [Fe(CN)d - VOSO4'3H20/N1SO4‘7H20 - HzO

AnHoranusi. C nomoripio mMerofa pH MeTpuueckoro THTPOBAHUS HCCIENOBaH
MpOIIeCC  JKBUMOJEKyJssipHOro  B3aumoxeiictBus B cuctemMe  Ki[Fe(CN)g] -
VOSO043H,0/NiSO,7H,0 — H,0. Ycranosneno, yro B rexcauuanodeppar (III) mon-
BaHaJWICOAEpXKAIe CUCTEME KpHUBBIE TUTPOBAaHHS PAacTBOPOM THAPOKUCHAA HATPHS
HOCSIT CJIOXHBIA XapaKkTep W XapaKTepU3YIOTCsl HaJIWYMEM TPEX YETKO BBIPAKEHHBIX
Oydeprbx 30H (0<pH<2.75; 2.75<pH<6.75; 6.75<pH<8) u omHOW cnabo BBHIPAKCHHON
Oy¢epHnoit 30HOI B obmactu pH ot 8.9 mo 10.6. B kmcioit cpene mporekaeT mporece
KOMITJIEKCOOOPa30BaHusl, COMPOBOXKAAIOIINIICS TOHmKeHueM pH cpejibl, KOTOPOMY COOT-
BETCTBYET NEPBBI CKaYOK Ha KpWBOIl THTpoBaHus B mHTepBasie pH 3.3-5.0. IIpu mams-
HeiimeMm noBeimernd pH cpenst ot 6.3 mo 10 co3maroTcs yCIOBUS MPOTEKAHHUS OKHCIH-
TENIbHO-BOCCTAHOBHUTEINIFHBIX MPOILIECCOB C 0Opa3oBaHMeM BaHaaaT (5+) W rekcaluaHo-
¢deppar (I1) nonos, a taxxe ruapokcuna Banagus V(OH),. Kpusas TuTpoBaHus B ABOW-
Howt cucreme K3[Fe(CN)g] — NiSO,47H,0 — H,O umeer oy OydepHyro 001acTh B Iie-
nounoit cpeae (pH 8). B kucnoit cpene mporekaer mpoiecc KOMIUIEKCOOOpa3oBaHUsS C
obpazoBanueM ¢Qepporranuna Hukens. [lo mepe Hakomenust B cucteme OH™ noHOB ¢
MOCTOSTHHBIM 3HaueHneM pH 8 pacTBop mproOperaeT 3eleHOBaThIi OTTEHOK M MYTHEET,
YTO CBUJIETEHCTBYET 00 00pa30BaHNH B CHCTEME THAPOKCH/IA HUKEIIS.

Karouessie ciaoBa: rekcanmanodeppat (I1I) kamms, TuTpoBanue, cynbdar BaHAIH-
na, cynedar aukens (II), kommnekcoobpasoBanue, pH cpernsl.

Beenenue. B cBsI31 ¢ MHTEHCHBHBIM pa3BUTHEM HedTeq00bIBatOIICH 1 Hed-
TernepepabaThIBAIIUX OTpacield B Ipollecce MPOHM3BOACTBA 00pa3yercsl 3HAYM-
TEJNBHOE KOJINYECTBO He()TeoTx00B. Cpei HUX BBICOKAS JIOJIS MPUXOAMTCS Ha
HedTenuamMbl, KOTOPbIC, B OOJIBLIIMHCTBE CIIyYacB, CKIAIUPYIOTCS JTUOO MOABEp-
TaloTCs 3aXOPOHEHUIO M OKa3bIBAIOT HETaTHMBHOE BO37cicTBHE Ha Omochepy [1].
B TO e Bpems, Takue OTXOJbI COJEPXKAT IICHHbIC KOMIIOHCHTBI, TaKHE Kak
BaHAJIM U HUKEJb, KOTOPBIE BOCTPEOOBaHKI B MPOMEBINUICHHOCTH KazaxcTaHa.

OOmIen3BecTHO, YTO K HedTeliaMaM OTHOCSATCS OTXOJbI, 0Opa3yronuecs
IpU OYUCTKE He(TH, 3aMa3y4eHHbIE TPYHTHl M JOHHBIC OTJIOXKCHHUS BOJOEMOB,
oOpa3ymomuecs pu pa3iuBe HePTH, U T.A. [Ilpu 3TOM, OHU SABISIOTCS TPOMBIIII-
JICHHBIMHU OTXOJIaMH 3-TO KJlacca OMACHOCTH, TAK KaK COJIEPIKAT TSHKEIbIC METa-
JIbI, TAKHEC KaK XXCJIC30, KO6aHBT, BaHalII/Iﬁ M HUKEJIb, KOTOPBIC OTHOCATCA K BOC-
TpC6OBaHHI>IM METaJ1IJlIaM B DKOHOMHKE.

114



ISSN 1813-1107 MNe 3 2018

[Ipsamoe n3BneueHre U3 He(YTEILUTAMOB BaHAIUS 1 HUKEIS 3aTPyIHUTEIBHO U
TpeOyeT mnpeaBapuTeiabHOil 00paboTku. Hampumep, mpokanuBanue mpu 650-
950°C ¢ MOCIEIYIONMM pPa3jIoKEHHUEM MOJYYEHHOTO CIEKAa B MHHEPAILHOM
KHCTIOTe JHOO BBIIIENTAYMBaHWE PACTBOPAMHU CIIa0BIX KHCIOT WM aMMHAdHO-
KapOOHAaTHBIM PacTBOPOM M JallbHEHUIIMM BBIACIICHHEM M3 TOJYYEHHBIX pac-
TBOPOB BaHaAMsI U HUKEI [2].

CymiecTBYIOT pa3nWYHBIE CIIOCOOBI WM3BJICUEHHS BaHAIWMs W3 BaHAAHICO-
JepXKalluX pacTBOPOB. Brinenenue BaHaausl OCYIIECTBISETCS THAPOTUTHUECKUM
OCaKJCHUEM IyTeM CMEIIMBaHMS CIa0OLIETOYHBIX M KUCIBIX pacTBOpoB 10 pH
1,6-1,9 u ux Harpesa g0 temneparypsl 90-95°C. Brinasimii ocagok mojuBaHaaar
HATpHs, MapraHia, eje3a, OTQHIBTPOBBIBACTCS W IOJBEPraeTcs CYLIKe U
IUTaBKe, a MAaTOYHBIA PAacTBOP HAIPABISIETCS HA XUMHYECKYIO OYMCTKY OT CO-
€JIMHeHUN BaHaaug M Jpyrux sjeMeHToB [3]. HemoctaTkamu paccMOTpEeHHBIX
croco0oB sgBisieTCsl 00pa3oBaHHE OOJNBIIIOTO KOJUYECTBA CyNb(haTcoepKammnx
CIIMBHBIX BOJI, C KOTOPBIMH TEepSAETCs] BaHAJMM, a Takxke o0pa3oBaHHE MaTOYHOTO
pacTtBopa.

OKCTpakIMOHHBIM METOJ] C MHCIIOJb30BAaHHEM OPraHWYECKHUX pPEeareHTOB
(pacmmaB cmecu ITAH (1-(2-mupuaunazo)-2-avadTosna), HaabMaTHHOBOW KHCIIO-
toif) [4,5]. K HemocraTkam 3THX METOJOB OTHOCHUTCSI BBICOKas TeMIepaTy-
pa, MHOTOCTAIUITHOCTH Ipoliecca MOATOTOBKM PacTBOpa K M3BJICUCHHIO BaHAIMS,
noBbimieHHas Temreparypa (80-90°C) u BBICOKHME 3HEpPro- H Tpya03arpa-
ThI, 00YCJIOBJIMBAIOIIME HU3KYIO SKOHOMUYECKYI0 3 (hEeKTUBHOCTD IpoIlecca.

B pabore [5] mokazaHo, 4To moBbIIEHHE SPGEKTUBHOCTH W3BJICUCHUS
BaHa U M3 HEPTH W HEPTENPOMYKTOB AOCTUTACTCS 32 CUET HCIIOJIH30BAaHUS
OTEUECTBEHHBIX BBICOKOMOJICKYJIAPHBIX COEAUHEHHUIN pPeIoKC—(CO)IMOINMMEPOB C
OKHCIIUTENIbHO-BOCCTAHOBUTENBHBIMIA ~ CBOMCTBaMH. HemocratkoM — JaHHOTO
crmocoba sIBIISETCSl MOBBIMICHHAs Temmeparypa mporecc (60-68°C), crporoe
cobmonenue pH cpenbl (2-3) u HEZOCTATOYHO BBICOKOE HM3BIICUCHHUE BaHAIUSA
(93,7 %).

B macrosiiee BpeMs pa3BuBaeTcs COPOLMOHHBIN METOJ YTHIIM3AlMU OTpa-
0OTaHHBIX HeTenpoayKkToB. [lyisi W3BIIEUYEHUs] BaHAIWS W3 PACTBOPOB Ipel-
JOKEHBl CHJIBHOOCHOBHBIE AHHMOHMTHI, XenaTooOpasylomye HOHOOOMEHHBIC
CMOJIbI, aKTUBHBIC YIJIM M HEOPraHUYECKUE aICOPOCHTHI, a TAaKXXe BOJIOKHHCTHIE
AHUOHHTHI HA OCHOBE IICJUTIONO3BI U 1p. [6]. B pabote [7] mpemnararoTcss HHHO-
BallMOHHBII CHOCOO W3BJECYEHHMS IMOMYTHO-I0O0BIBAEMOTO BaHaaus M3 HepTH M
He(TEPOAYKTOB, OCHOBAHHBIM HA COPOLMOHHBIX MPOLECCAX C HCHOIb30BAHHEM
MTOJIMMEPOB, a TaKXKe MEMOPaHHOW TEXHOJIOTHH.

Onnako, aBTOPHI [8] CUMTAIOT, YTO CPEIU MHOXKECTBA MPUMEHSEMEIX COp-
OCHTOB, HEOPraHWYECKUX W OPraHM4YecKHX (IPUPOAHBIX M CHHTE3UPYEMBIX),
HamboJee TEepPCIeKTHBHBIMU JUIS BBIJCIICHUS BaHAIWs SBISIIOTCS Te BEIIECTBA,
KOTOpBIE COAEPIKAT AIEMEHTHI ¢ OJIM3KUM K BaHAIUI0 XUMHYCCKHM CTPOCHHEM.

B pabore [9] nokazana mpUMEHUMOCTh BOJOKHUCTOrO kKatnoHuta ®UBAH
K-1 u amunokap6okcmisHOro noanta ®MBAH AK-22, a takke rpaHyiIMpoBaH-
HBIX COpPOEHTOB — MAaKpOIOPHUCTHIX ci1aboocHOBHEIX aHMOHNTOB CYBBER mn
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HaHOCTPYKTYPHPOBAaHHBIX aHHOHUTOB Poccron mis m3Bnedenus BaHaaus (V) u3
CEPHOKUCIIBIX XJOPHUIHBIX pacTBOpPoB. OHAKO BCE YKa3aHHbIC COPOEHTHI OTHO-
CATCS K IOPOTOCTOSIIUM U MPou3BoguMbIM B P®. Kpome Toro, mocne orpaboTku
HEOOX0IUMa yTHIIH3AIHS COPOSHTA.

N3BecTHO, YTO B TEXHOJIOTMYECKHX PAaCTBOpPAX CEPHOKUCIOTHOIO BBIIICIIA-
YUBaHUM TEPMOOOPAOOTaHHBIX He(TENUIAMOB BaHAAMH MPUCYTCTBYET B BHUJE
KaTHOHa BaHammia VO®', KOTOpBIl XapakTepusyeTcsi CKIOHHOCTBIO KO BCEBO3-
MOXHBIM peakIusIM KoMrutekcooopazoBanwmsi [10].

Crnenyer OTMETUTh, YTO CBEJCHHUS O COPOIIMOHHOM H3BJICUCHUM BaHAIHS U3
BBICOKOMHUHEPATU30BAHHBIX PACTBOPOB, BIMSHUM THIIA MOHHTOB M XapakTepa
(YHKIMOHANBHBIX TPYMI Ha COPOLMIO U JECOPOIMI0O MOHOB BaHaHs, 00OCHO-
BaHMs BiMsHUSA pH, TeMrepaTypbl M Ipyrux HapaMeTpoB Ha CEJIIEKTUBHOCTH
COpOIIMOHHOTO TpOoIlecca KpallHe OrpaHUYeHbI U OPOI MPOTHBOPEUYUBHL. B cBsi3n
C 3THM HEO0OXOJUMO Pa3BHBATh HOBBIC METOJIbI 00C3BPEKUBAHKS U MEPEPAOOTKU
HeTecomepKammx OTX0A0B. Ha Hamm B3MIsIa, MEPCICKTUBHBIM METOIIOM SIBJIS-
€TCsI MPOLIECC KOMILJICKCOOOpa30BaHMsI.

Llenp uccrnenoBanus — yCTaHOBUTH BiusiHUe pH cpemsl MeTogoM TUTpOBa-
HHS PAacTBOPOM THMJPOKCUAA HATPHsl Ha MPOLECC B3aUMOJEHCTBHS B JIBOMHBIX
«K;3[Fe(CN)6]-VOSO43H,0/NiSO,7H,0-H,0» cucremax.

OKCITEPUMEHTAIJIBHAA YACTD

Haubonee pacnpocTpaHEHHBIMH METOJaMH UCCIICOBAaHUS MPOIECccCa KOMII-
JIeKCO00pa30BaHMs B PACTBOPE SABISETCS creKkTpodoToMerpudeckuii 1 pH merpu-
YECKUH METOJIbl, KOTOPhIE B3aMMHO JOMOJIHSIOT JpyT Apyra. Tak nmpumeHeHue
CHEKTPO(POTOMETPUIESCKOTO METO/Ia MO3BOJIICT YCTAHOBUTh, YTO B MCCIICIyEMOM
CHCTEMe MPOTEKAET MPOIECC KOMILUIEKCOOOPa30BaHusl, KOHKPETH3HUPOBATh COCTaB
U CTpoeHHe 00pa3yromuXxcs B pacTBOpe KoMImiekcoB. Merox pH merpun moxa-
3BIBAET YCTOHYMBOCTH OOPa3yrOIIMUXCSI KOMIUICEKCOB B 3aBUCHMMOCTH OT pH pac-
TBOPOB.

Hcnonp3yemble aisi UCCIIEOBaHUSI PACTBOPHI MMEIOT HEHUTPaJbHYIO Cpemy
wiu kuchyr. Tak, B Boje rexcarmanodeppar (1) sxenesa nuccouuupyer:

K;[Fe(CN)s]«——3K '+ [Fe(CN)s]* (1)

[Ipu 3TOM pacTBOp UMeeT HeUTpanbHYIO cpeny ¢ pH 6.7.

Cynbdar wukens NiSO,7H,O ruapommsyercss 1Mo KaTHOHY, MO3TOMY B
pacTBOpe TIPHCYTCTBYIOT KaTHOHKI Bojgoponaa H'. Kpome Toro, mo kmaccupuka-
wn [upcona won Ni*™ nmpHHAUIOKUT KHCIOTaM, 3aHHMAIOIIMM ITPOMEKYTOUHOE
MOJIOKEHUE MEXIY >KECTKUMH U MATKUMH KucioTamu [15]. CoOoTBETCTBEHHO B
cucteMe «K;[Fe(CN)s]-NiSO47H,0-H,O» o6pa3yercss crnabokucias cpena
(pH 5.03).

[TockonbKy BBIMICTIPUBEACHHBIE CUCTEMBI UMEIOT KUCIYIO CPEIy, TO THUTPO-
BaHHE DKBUMOIIEKYJISAPHBIX CMeCeH JaHHBIX CHUCTEM IMPOBOIMIN PACTBOPOM THJI-
pokcuna Hatpus kounentparueit 0,01, 0,1 u 0,2 MoB/i1.
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s mpuroTtoBiicHUs pacTBOpoB cynbdara BaHammwia VOSO43H,0, cyib-
¢ara mukens NiSO,7H,O, rexcaumanodeppara (III) (peppoumanmuga) xamus
K3[Fe(CN)g] ucmonb3oBalli peakTUBBI MapkH X.d. [ HCClIeTOBaHUS HCIOJIb-
30BalM JKBUMOJNEKYIsipHbIe cMmecu u3 pactBopoB Ki[Fe(CN)g] m SO43H,O
C KOHLEHTpauueu 2-10° Monb/n, a Takke NiSO47H,O ¢ koHueHTparuei
210" monb/11.

TutpoBanmne amMKBOTHI YKBUMOJIEKYISPHBIX CMECed MPOBOAMIN TPU KOM-
HaTHOM TemmepaType. Bennunny BomopomHoro mokasarens (pH) usmepsuin Ha
yHuBepcanbHoM pH-merpe mapku 150 MU. B kauecTBe MHIAMKATOPHOTO AJIEK-
TPOJIa MCIIOIH30BATM CTEKISHHEIN 31ekTpoa DJIC 6307. DmekTpoaoM cpaBHCHHS
CITy>KWJI HACHIIIICHHBIN XJ10pcepeOpsiHbIi anekTpox IBJI-1M3.

PE3VJIbTATBI U UX OBCYXXJEHUNE

B kucnoit cpene BaHaguil MPUCYTCTBYET B BUJI€ KATUOHOB VO’ u VO’® +, st
KOTOPBIX XapaKTEPeH THAPOIU3 ¢ 00pa30BaHUEM aKBaKOMILICKCOB [VO(H,0)s]*,
[VO(H,0)}" [11].

W3BectHO, 4WTO coNb BaHaAWIA B3aMMOAEWCTBYET C (pepporraHugaMu
(rexcumanodepparamu (II)) men0uHBIX METAIUIOB C 00Pa30BaHUEM KOMILIEKCHBIX
coenunennii [12]. Haubonee n3ydeH mpouecc KOMIUIEKCOOOpa30BaHUSI B CHUCTE-
Max, CONIep’KallluX CoJb BaHaawiaa u rexcanuwanodeppars! (II) HaTpus u xamms
«VOSO4 — Nay[Fe(CN)g]/ Ky4Fe(CN)g]». B cucreme «VOSO,—Nay[Fe(CN)g]»
npu cootHoumieHnu Pll/coms V (n), pasaom 0,5, oOpasyercs deppormanun
Baraauia (VO),[Fe(CN)gxH,O:

2VOS0, +K4[Fe(CN)g] = (VO),[Fe(CN)s xH,0+2K,S0, . )

[lpu Apyrux COOTHOIICHHSX KOMIIOHEHTOB IPOMCXOAMUT OOpa30BaHUE
¢a3 mnepemenHoro cocraBa. Ilpmuem B ycnoBusix u30biTka Nay[Fe(CN)g]
(0,5<n<1,0) oOpazyrorcs TBEpJbIC (hazbr MIEPEMEHHOTO cocTaBa
x(VO),[Fe(CN)s] -yNas[Fe(CN)s], xKOoTOpble C TMOBBIMIEHHEM COOTHOIIEHHUS n
MENTU3UPYIOTCS, & 3aTEM KOAryJIUPYyIOTCs U KENTCIOT.

B cucreme «VOSO4 — Ky[Fe(CN)¢]» BBIIEIEHO TOTBKO CMEIIAHHOE KOMII-
nexcHoe coexauHeHue K,(VO)3[Fe(CN)gl, xH,O (dheppoumannn BaHammma —
KaJTns):

VOSO, +K4[Fe(CN)g] = Ko(VO);[Fe(CN)gl+K2SO4 3)

HHaTepecHo TO, uTo BaHamuii B cremneHsx okucienus (V) u (IV) u xemne3o B
creneau okucienus (II) m (III) mpemcraBnsroT co00il BechMa CIOKHYIO OKFIC-
JIUTENFHO-BOCCTAHOBUTENBHYIO crcTeMy. B kucnoit cpene monsr Fe (II) Boccra-
HasiuBaroT V(V) mo V(IV), a B menounoii, Haobopot, nousl Fe (III) oxucmsior
V(IV) no V(V) [13]. [Ipuuem noydeHre 0CaaKOB BO3MOXKHO MPHU Pa3INIHBIX UX
cooTHomeHusx. Tak, B pabore [12] moka3aHo, YTO B KHCIOW CUCTEME, COJEp-
xameit V(V) u rexcammanodeppar (I1) annon [Fe(CN)e]*, mporekaer okucin-
TEJIbHO-BOCCTAHOBUTEINILHAS PEAKIIUS:
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VO3 + [Fe(CN)s]* + 8H' - VO, [Fe(CN)4] +2 [Fe(CN)s]* + 4H,0, 4)

B KOTOpoW V(+5) BEICTynaer B KayeCTBE OKHUCIUTEIS M BOCCTAHABIMBACTCS
xenesoMm (Fe'?) peppormannasoro annona o 6osee Hu3Koit BaneHTHOCTH (V™).
Ipu stom Fe (1) okucmstercst mo Fe (IIT) 1 mpoucxomut mepectpoiika [Fe(CN)q]*"
aHHOHa ¢ obpasoBanueM rexcarmanodeppar (III) anmona [Fe(CN)s]*. Cuemyer
oTMeTuTh, uTo rekcarmanodeppar (I111) kamus K;[Fe(CN)g] oueHb CHUITBHBIN OKHC-
JUTENh, 0COOEHHO B MIETIOYHON Cpejie.

Nonbr npeyxBanentHoro Hukenb Ni(Il) oTHOcsTCS K rpymine KOMIUIEKCO-
oOpazoBarenel, UMEIOINX HE IOJHOCTBIO 3amojHeHHble d-opOutamu. Takue
KaTHOHBI CHOCOOHBI OOpa30BBIBATH KOMIUIEKCHI C KHCIOPOA- W a30TCOAEpKa-
MY JTUTaHAAMH U C JINTaHJIaMH, COIep KalliMHu cepy, ¢pochop u aTOMBI IpyTHx
anemeHToB [14]. B pabote [12] mokazaHo, 4TO COJIM HUKEJS B3aMMOJACHUCTBYIOT C
(heppoaHuIaMH MIENIOYHBIX MeTAIIOB. B panee m3yuenHoi cucteme «NiSOs—
K4[Fe(CN)g]» Beimenen ¢eppormanna Hukens Ni[Fe(CN)s]'xH,O B ycmoBusx
3HaunTENbHOrO M36bITKa Ni*. C poctoM cootHomenus ®L/coms Ni o6pasyercs
kommiekc coctaBa K)Nis[Fe(CN)gl,'xH,O, uTo ykaspiBaeT Ha yBelIMYEeHHUE B
ocanke comepxanus K4 Fe(CN)g]. Ilpu coornHomennu ®lLl/coms Ni (n) paBHOM
0,75 obpasyercs coemunenune KyNigFe(CN)gls'xH,O. [locne okonuyanus mpo-
Hecca 00pa3oBaHUs AaHHOW CONM B KUAKOW (pase cucTeMbl (PUKCUpPYyeTCs H30bI-
TouHoe coaepxkanne HoHOB [Fe(CN)s]*, KoTopble MenTH3MPYIOT BHITABIIHMIA
ocamok. M3 TOJMy4eHHBIX pE3yJbTAaTOB cJexyer, 49To (epponHmaHui HUKEII
Nip[Fe(CN)g] xH,O cnocoben mornomate deppormanuy kamus Ky Fe(CN)g] ¢
o0pa3oBaHHEM CMEMIaHHBIX cojieil. KpoMe BhIenpruBEeHHON CMENIaHHOW COIU
MOTYyT O6p8.30BaTBCH K6N15[FC(CN)6]4 ‘XHzo (n = 0,80), KlzNig[Fe(CN)6]7 ‘XHzO
(n = 0,87) u KuNi[Fe(CN)g] -xH,O (n = 1,0). Uto *xe kacaercss B3auMOJCHCTBUS
rexcaranodepparor (I11) kamust K3Fe(CN)] ¢ comsmu Bamammma (V') n
aukensa(ll), To maHHBIe CUCTEMBI TPAKTUYECKU HE MCCIeoBaHbl. B TO e Bpems Ha
OCHOBAHHHM BBILIETIPOBEICHHOTO JINTEPATYPHOTO aHATN3a MOXKHO OKUIATh, YTO B
nByxkoMroHeHTHBIX cucTeMax «Kj[Fe(CN)g] — VOSO,3H,0/NiSO,7H,0 — H,On,
B KOTOpBIX y4acTBYIOT KaTHOHBI BaHagmia VO, Ni*" u noms xenesa (11, III),
HaxXOZsIIMecs BO BHENTHEH U BHyTpeHHeH cepax (heppormaHnIHOTO KOMIUIEKCa,
MPOLIECCH MPOTEKAIOT ¢ 00pa30BaHUEM Pa3HOOOPA3HBIX COCAMHEHHH.

Bricokuii 3apsii HOHA BaHAUA V* 1 ero mansrit panuyc (0,61 A) JeJaeT He-
BO3MOXXHBIM €T0 MPHCYTCTBHE B BOAHBIX pPAacTBOpaxX, IOITOMY COEIHMHEHHS
Banaaus (IV) B pacTBopax mpeacTaBisioT co00i OKCOCOJU. B KHCIBIX BOJHBIX
pacTtBopax coneit Banagus (IV) mpucyTCTByeT €IWHCTBEHHBIN THUIT KaTHOHOB —
noHbl okcoBaHanus (IV), wim BaHagwmIa VO2+, Kak MpaBUjO, B BUJEC aKBAKOMII-
nekcoB [VO(H,0)s]*", [VO(H,0)4]*". NMeHHO OHHM NPUIAIOT THM PAcTBOPAM
SIPKO-CHHUH 1IBET, HAIIOMMHAIOIIUI OKpacKy MeIHOro Kymopoca. B mone BaHa-
JTUIIa TIPUCYTCTBYET NBOMHAsA cBsa3b V=0 (0,155 — 0,168 uM), KOTOpas 3HAUYNTENb-
HO Kopoue ommHapHOU (~0,23 HM). B kpucramioruaparax cojicii BaHamuiIa, Kak
MPaBUIIO, TPHUCYTCTBYIOT HM30JIMPOBAaHHBIC HMOHBI BaHaJuia, WMeromue (opmy
OKTa»pa ¢ OJAHOU YKOPOYEHHOW CBiI3bi0 V=0 WK KBaApaTHON HUpaMHIbI 32
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CYeT KOOPIWHAIIMM BOJABI WJIM aHMOHA. Takoe CTpOeHHE XapaKTepHO AJS Tpex-
BogHoro cynb(ara BaHagaus VOSO43H,0. DkcrnepuMeHTalbHO YCTaHOBIEHO,
yto BOAHBIM pacTtBop VOSO43H,0O uMmeeT KUCIYyI0 peaklHI0 — CBHIETEIbCTBO
mpoTeKaronero ruaponnsa. [1o-BuauMoMy, UIMEHHO 3TUM OOBSCHSETCS KHCIas
cpeia HCIONB3yeMBIX B Pab0OTe JKBUMOJEKYJSIPHBIX CMECe pacTBOPOB
K;[Fe(CN)g] ¢ VOSO43H,0 (pH 3.1).

Ha pucynke 1 mpuBeneHbl KpHBbIE TUTPOBAHUSI SKBUMOJIEKYJIAPHBIX pac-
tBOpoB B cucreme K;3[Fe(CN)g¢] — VOSO43H,0-H,0 ¢ obuieit koHIeHTpanuen
410 monp/n. OTKyJa BHIHO, YTO NPH TUTPOBAHHHM HE3aBHCHMO OT KOHIICH-
Tpanuy THAPOKCHAA HATPUS KPUBBIE TUTPOBAHUS HOCST WACHTUIHBIN XapakTep.

Ha xpuBoit TupoBanus Habmroar0TCs ABa ckauka. [lepBeril B natepBane pH
3.3-5.0, a Bropoii npu pH ot 6.3 1o 8.1. IlepBbIit yuacTOk Ha KpUBOI XapakTepeH
IUIS THTPOBAHUS CHIIBHBIX KUCJIOT CHJIBHBIMH OCHOBAaHUSIMH H, IO-BUJUMOMY, OH
oTBeuaeT cBsA3bBaHM0 OH™ mOHaAMH BBIIEISIOMIAXCS B MPOIIECCE PEAKIH MOHOB
Bostopona. [Ipu 5TOM, BO3MOXHO, 00pa3zyercsi KOMILIEKCHOE COEIMHCHUE THIIA
(VO)K[Fe(CN)g] mmm (VO); [Fe(CN)g]:

VOSO, +K;[Fe(CN)s] = (VO)K[Fe(CN)s]+K>SO, (5)
2VOS04+2K;[Fe(CN)s] = 2(VO)3[Fe(CN)g]+3K,S04 (6)

[Tpu paneHeiimem noGasneHun menouyu (pH>3.5) 3nauenust pH B cucteme
MOHM)KAETCS, T.€. LIETIOYHOCTh CPEbl BO3PACTAET. ITO MOXKET OBITh CIEICTBHEM
MosIBIICHUs1 B 00pa3yromuxcs npoaykrax OH ™ rpymiier 1160 3a cyet ee BHEAPEHNUS
B CTPYKTYpY, 1100 BCJIEACTBHE Pa3pyILICHUs KOMIUIEKCA U 00pa3oBaHMsl HOBOTO
coeMHEeHHs (KOMIIJIEKCa), CONPOBOXKIAIOIIEEeCsS BhIACICHUEM THAPOKCHIA BaHa-
IMIa WM, KaK ee Has3pIBaloT rumoBaHaaneBas kuciora (VO(OH),, H,VO;) [14,
16]. MoOXHO TPENOJI0KHUTh, YTO OOpa3yroleecss KOMIUIEKCHOS COCIMHEHUE
HeycToiunBo U B uHTepBasie pH 4.5-5.7 pasznaraercs c Beinenenuem OH B pac-
TBOp, 4YTO CONpoOBOXIaeTcs ypenuuenruem pH >7,8. Tak kak rupoKcuj BaHAUA
(IV) obmagaer aM(pOTEepHBIMH CBOWCTBaMH, T. €. PACTBOPSETCS W B KHCIOTax U B
OCHOBaHMSX, TO MpPH YBEJIWYEHUU pPacxoja THAPOKCUAA HATpUs HE HCKIIOUYEHO,
YTO TIPOUCXONIUT ero pactBopenue B mienouu [14]. Ilpu atom obpasyetcst cMech
KOMIUIEKCHOTO coequHeHns ¢ BanagaTamu (IV) paszmmdaHoro cocraBa, HarpuMmep
BaHagaToB ¢ noHaMu V,40q > V3O72':

4VO(OH)2+2N30H = Naz[V409]+5H20 (7)
3VO(OH), +2NaOH = Na,V;0; +4H,0 (8)

Hannume Ha xpuBOW THUTpOBaHMA Malo BbIpakeHHOTro ckauka npu pH 8,4
yKa3bpIBaeT Ha BO3MOXKHOCTHb HPOTEKaHHUsl JaHHOTO Tpolecca ¢ oOpa3oBaHHEM
COEJIMHEHHU MEpEMEHHOTO COCTaBA.
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6

C K3[Fe(CN)6] — C voso43m20 = 2-107 momb/m
Konnentpamust NaOH: a— 0,01; 6 — 0,2 monb/n
Pucynok — 1 KpuBble THTpOBaHHS SKBIMOJIEKYIISIPHBIX PACTBOPOB

B cucreme K3[Fe(CN)s] — VOSO43H,0 — H,O

Crnenyer OTMETHUTh, YTO OJHOBPEMEHHOE IIPUCYTCTBHE BaHAIWs B CTEIIEHU
okucnenus (IV) u (V) u xenesa B crenenu okucienus (I1) n (III) npencrasnser
co00# BecbMa CIIOKHYIO OKUCIUTEIbHO-BOCCTAHOBUTEIBHYIO CHCTEMY. B cBsi3u ¢
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BBIIIIE U3JI0KEHHBIM U COIJIACHO JaHHBIM [ 17] BO3MOXKHO, YTO B IIEJIOYHOU cpere,
. 2

cozepxanieii rekcanuanodeppar (I1I) u Banagui-uonsl VO, mpoTekaeT 1po-

1iecc okucnenus Bananuna nonamu [Fe(CN)q]” 1o BaHanara:

VO?*' + [Fe(CN)]* + 40H = VO; + [Fe(CN)e]* + 2H,0, 9)

pH
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2
1

0 2 4 6 5 10 1

VNaOH, fiid
a

pH
9
g |
-
6
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2
1
0 T T T T T 1

0 2 4 6 8 10 12

VNaOl-L jlid
0

C K3[Fe(CN)6] — 2'10_3 MOJIB/J 5 C NiSO4-7H20 — 2‘10-2 MOJIB/JI
Konnentparus NaOH: a— 0,01, 6 — 0,2 mons/n

PucyHnok 2 — KpuBble THTPOBaHHS SKBHMOJIEKYIISIPHBIX PACTBOPOB
B cucteme K3[Fe(CN)y] — NiSO,7H,0 — H,O
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Cyns mo xapakrepy KpuBbeIx THTpoBaHmsa, B cucremMe K;[Fe(CN)s] —
VOSO043H,0 — H,O npoTekaroT CIIOXKHBIE HPOIECCHl ¢ 00pa3oBaHHEM IPO-
IYKTOB, COCTaB KOTOPBIX B 3HAUUTEIBHOM Mepe 3aBUCHT OT pH cpenpbl.

Ha pucynke 2 mpencraBieHbl KpHUBBIE THTPOBAHMS SKBUMOJIEKYISAPHBIX
pactBopoB B cucreme Kj3[Fe(CN)s] — NiSO47H,O — H,O ¢ oOmieit koHIeH-
Tpanueit 4-10° monb/n. M3 HONYdYeHHBIX pE3yNHTATOB CIEIYeT, Y4TO KPHBBIE
TUTPOBAHMS HE3aBHCHMO OT KOHILIEHTpPAIlMM THAPOKCHJA HATpHs, WMEIOT aHa-
JOrn4HbIM xapakTtep. Ha xpuBoil THpoBaHus mposBisieTcs ogHa OydepHas 00-
JacTh B LIETIOYHOM cpee.

Cyns mo xapakTepy KpUBBIX, B JaHHOH CHCTEME Hapsay C KOMIDIEKCOOoOpa-
30BaHMEM MpOTeKaeT mpouecc obpazoBanus rugpokcunga Hukens (II). O6 stom
CBHIIETENILCTBYET HAJMYME TOPH3OHTAIBHOIO YYacTKa Ha KPHUBOH THUTPOBaHUS
mpu pH 8. PactBop mpu manHoM pH moMyTHEN, a BBIIENEHHBIA OCATOK MMEI
3€JICHOBATBIN LIBET.

Hcxons w3 nuTepaTypHBIX JAHHBIX M TOJTYYEHHBIX PE3yJbTAaTOB CIEHYET,
9TO B B KUCIION cpere, dkBuMoltekyisipHoi cucteMe K;[Fe(CN)g] — NiSO4 7H,0 -
H,0, ob6pa3zyercst KOMILIEKCHOE COeMHEHKE, BO3MOXKHO Tekcaruanodeppar (I11)
HUKETIS:

2K;[Fe(CN)]+3NiSO,=Nis[Fe(CN)4 ] +3K,>SOs . (10)

B menounoit cpene (pH 8) kprBasg HOCUT rOpU3OHTANBHBIN XapakTep, YTO
MOATBEPXKAaeT 00pa3oBaHUE TMAPOKCHAA HUKeNs. JlaHHBIN mpolecc oTpaskaeTcs
PE3KMM CKayKOM Ha KpHBOW THUTpoBaHHUs. IIpomecc mpoTekaeT mo peaxiuu:

NiSO,+ 2NaOH = Ni(OH),| + Na,SO. (11)

Takum oOpasom, MeTogoM pH-MeTpuHM YCTaHOBJIEHO, YTO B JBOWHBIX
skBuMOIeKyIsIpHBIX cuctemax K;[Fe(CN)s] — VOSO43H,0/NiSO4 7,0 — H,O
MpOTEKaeT mporecc B3anMoaericTBus. [lokazano Bimmusane pH cpenbl Ha BO3MOX-
HocTh mipotekanus B cuctreme K;[Fe(CN)g] — VOSO43H,0- H,O oxucnurensHo-
BOCCTaHOBUTEILHBIX MPOIECCOB C 00pa3oBaHueM BaHanaToB (V) U rekcalaoHo-
tdeppar (II) — wonoB. BeusiBneno, uto B nBoitHoW cucteme K;[Fe(CN)g] —
VOSO43H,0/ NiSO47,0 — H,O B menmouno#t obmactu 06pa3yeTcsi THIPOKCHT
uukesst Ni(OH),.
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T'EKCAITUAHODEPPAT (III), BAHAINJI- JKOHE HUKEJIb (I1) KOCBIJIBICTAPBI
BAP XXYUEJIEPAIH ©63APA OPEKETTECVYI
1-xabapnama. K;[Fe(CN)g] — VOSO,43H,0/NiSO4 7H,0 — H,O xytiecin 3epTTey

pH-MeTpuKanblK TUTpIIEY oIici apKbUIbl IC — OSKBHUMOJICKYJAIBIK MeIIepe
K;3[Fe(CN)]-VOSO043H,0/NiSO, 7H,0-H,O xkyiteci 3eprrenmi. [ekcarmanodeppar
(III) woH-, BaHagMa >XYHECIHIAE KHCBIK TUTpJICY EpITIHAICIMEH HATpUH TUAPOKCHUII
tTaburaTTa Kypaeni cumarra OOJybIMEH CHIIATTallafbl YII aHbBIK OUTiHETIH Oydepiik
aifimakrap (0<pH<2.75; 2.75<pH<6.75; 6.75<pH<8) >xone Oip onci3 aiikpiH Oydepiik
aiimax, o6:bic, pH 8.9 10.6. KpImkeit opraga eTeTiH nporecc KOMIIeKe, ToMeHeyine pH
OpTachIH, OFaH colikec OipiHII KajaaMm " KUCHIK TUTpiiey apansirbiHga pH 3.3-5.0. Onan
opi JKOFapbeUTaybl Ke3iHAe CinTimik opra apamsirbiHaa 6.3—10-ra meitin pH) xypsimamsr
KYPY IIapTTapbl TOTHIFY-TOTHIKCHI3MaHy Oemiri Oap BaHamat (5+) rexcammaHodep- pat
(IT) nonmaper, conpmaii-ax BaHagmii Tuapokcuni V(OH),. Kuceik tuTpney xoc xyiieci
K3[Fe(CN)¢] — NiSO47H,O — H,O 6ap 6ip Oydepmik obasicel cintiai opraga (pH-8).
Kplmkpu1 opTama eTeTiH mpoliece KOMILIEKC Kypbiln (eppoimanuaa Hukenls. Kapait
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XKHUHaKTay >kyhecinae OJI-MoHIapeiHBIH OakpUIaHFaH OOJBICHI TypakTel MoHiI pH 8
KepceTeal Typajbl OiliM KyleciHie HUKEIbh THIPOKCHII EpITiHAICI MeJIeHe Al Kachlinay
TYCKE e3repe/i.

Summary

R. A. Kainbayeva, A. A. Agataeva, R. M. Chernyakova,
U. J. Dzhusipbekov, K. E. Ermekova

STUDY OF THE INTERACTION OF THE HEXACYANOFERRATE (IIT) ION,
VANADIUM AND NICKEL(IT)CONTAINING SYSTEMS
Message 1. Study K;[Fe(CN)g] — VOSO,-3H,0/NiSO4 7H,0 — H,0 systems

The interaction process in the double equimolecular systems Kj;[Fe(CN)¢] —
VOS0,3H,0/NiSO,7H,0 — H,0O was studied using the pH metric titration method. It is
established that in the hexacyanoferrate (III) ion, vanadijsoderzhashchih the system of
curves of titration with a solution of sodium gidroksid are complex. There are three
distinct buffer zones (0<pH<2.75; 2.75<pH<6.75; 6.75<pH<8) and one weakly defined
buffer zone in the pH range from 8.9 to 10.6. In an acidic medium, the process of complex
formation occurs, accompanied by a decrease in the pH of the medium, which corres-
ponds to the first jump on the titration curve in the pH range 3.3-5.0. With a further
increase in the alkalinity of the medium 6.3 to 10 pH, the conditions for the oxidation-
reduction processes with the formation of vanadates (5+) and hexacyanoferrate (II) ions,
as well as vanadium hydroxide V(OH), are created. The titration curve in the double
system K;3[Fe (CN)g] — NiSO47H,0O — H,O has one buffer region in the alkaline medium
(pH 8). In an acidic environment, the process of complex formation with the formation of
Nickel ferrocyanide. As the ON - ions accumulate in the system, the observed region with
a constant pH 8 indicates the formation of Nickel hydroxide in the system. The solution
becomes greenish and becomes cloudy.

Key words: potassium hexacyanoferrate (III), titration, vanadyl sulfate, Nickel
sulfate (II), complex formation, pH.
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ANALYSIS OF COAL-TARRESIN FRACTION
OF SHUBARKOL LOCATION

Abstract. In this article one of main type of raw material used for the production of
sulfur-free petroleum and tetralin is considered. The physico-chemical characteristics of
the coke-chemical resin produced by coal devolatilization of the Shubarkol raw and the tar
fraction with boiling point up to 180, from180 up 230 and from 230 to 280°C have been
examined. Three fractions of initial resin had been analyzed applying gas chromato-
graphy-mass spectrometry with boiling point up to 180, 180-230 and 230-280°C. It was
pointed that the chemical composition of distillate fractions of resin consists of alkyl
derivatives aromatic hydrocarbons with the number of aromatic rings of 1-4. Benzene and
its methyl-, ethyl- and propyl- derivatives were identified with the boiling point up to
180°C.The composition of the fraction with boiling point up to180-230°C consists mainly
of trimethyl- and ethyl derivatives of benzene, phenol and its methyl derivatives. The
composition of distillates with boiling temperature up to 230-280° C includes individual
aromatic compounds and their derivatives with a higher molecular weight.

Key words: coke-chemical resin, semi-coking, tetralin, resin fractions boiling point,
naphthalene.

Introduction. Coke-chemical resin, consisting mainly of condensed aro-
matic hydrocarbons and other high-molecular compounds, also refers to hard-
processed raw materials. In industry, the resin is subjected to dehydration and
distillation into separate fractions, from which benzene, naphthalene, phenols,
pyridine bases and other chemical products are obtained by the methods of
alkaline and acid-type extraction, crystallization, hydro-treating. Each stage of
chemical productsexudationcomes with use of redistillation, high heat and reagent
consumption, loss of valuable products, for example, naphthalene [1-5]. Each
stage of chemical products exudation comes with use of repeated distillations, a
large consumption of heat and reagents, loss of valuable products, for example,
naphthalene. A number of valuable chemical products, for example 2,6-dime-
thylnaphthalene, are currently not produced due to the low content and high cost
of exudation. Currently, due to strengtheningof requirements for the quality of
raw materials for organic synthesis, increased demand for benzene and naph-
thalene, experimental work to improve the processes of hydro-treatment of coke-
chemical raw materialsare carried out [6-9].
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EXPERIMENTAL PART

The material composition of the resin fractions and the hydrogenates
obtained from it were determined by gas chromatographymass spectrometry using
a Chromatek-Cristal 5000 gas chromatograph with a mass-selective detector of
model 5973 with ionization by electron impact (70 eV) under the following
conditions: fused silica capillary column HP-5MS 25 mx 25 mm, the thickness of
the phase film is 0.25 um); injector temperature 280 °C, interface 290°C; the
initial and final temperature of the thermostat is 35 and 280 °C respectively;
column heating oven

at an initial temperature is1 min; the temperature of the column heating oven
changed at a rate of 10°/min; carrier gas - helium; the volume of the introduced
sample is 0.2 pl. Samples were introduced into a chromatograph in a 1:40 split
ratio mode. The registration of the mass spectrum of the components of the raw
materials and the products obtained was carried out in the regime of the total ion
current. The resulting mass spectrum was compared with library mass spectrum
(library NIST98, WILEY 7n, PMW TOXR).

RESULTS AND DISCUSSION

The article presents the results of a study of the chemical composition of
distillate fractions with boiling point up to 180, 180-230 and 230-280°C, exuda-
ting from coal-tar resin obtained by the semi-coking of coal from the Shubarkol
location. The objects of the study are the initial liquid resin of SaryArkaSpetskoks
JSC, Karaganda, obtained by the semi-coking of coal from Shubarkol deposit; and
distillate fractions of the resin with boiling point up to 180°C, 180-230°C and
230-280°C. The characteristics of the initial resin obtained by the semi-coking of
coal from the Shubarkol location is represented in table 1.

Table 1 — Physicochemical index of coke-chemical resin

Index Index value

Density at 20 °C, kg/m’ 1,071
Mass fraction of water, % 3,40
Mass fraction of insoluble matters in toluene, % 1,30
Mass fraction of insoluble matters in quinoline, % 0,20
Ash contents, % 0,11
Fraction composition, mass. %:

Initial boiling point, °C, % 130
Boiling off up to 180 °C, % 2,4
180-330 °C, % 19,0
upto330 °C+ losses 78,6
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As it shown in table 1, coal-tar resin boils off over a wide temperature range.
The yield of fractions with a boiling point up to 180°C of the resin is 2.4 mass%,
the yield of fractions with a boiling point of 180-330 °C is 19.0 mass% and above
330°C is 78.6 mass%. The composition of coal-tar resin includes: water 3.4% and
the ash elements 0.11%. The elemental composition of the products is represented
in table 2.

Table 2 — Elemental composition of the coke-chemical resin

Elemental composition mass. %:
C 91,11
H 5,50
S 0,35
N 1,46
O (by variety) 1,58

The elemental composition of coal-tar resin is characterized by a higher
carbon content of 91.11%, a low content of other elements: hydrogen of 5.50%;
nitrogen 1.46%, sulfur 0.35%, oxygen 1.58% than is the case in petroleum pro-
ducts. Coal (coking) resin, consisting mainly of condensed aromatic hydrocarbons
and other high-molecular compounds refers to hard-processed raw materials. The
number of hydrocarbons of the coke-chemical resin is given in the table 3.

In table 3 represented basic hydrocarbons and 82 substances in the coke-
chemical resin composition were detected by gas chromatography-mass spectro-
metry. From hydrocarbons, the resin contains nitrogen-containing compounds
with spirrellic and pyridine rings, oxygen compounds (phenols, naphthols, fu-
rans), sulfur compounds (thiophenes, sulphides). In the course of the study, the
chemical composition of the coke-chemical resin fractions was determined. The
results of the study are given in table 4.

As can be seen from the table, indene, naphthalene and their alkyl derivatives
as well as in a small amount of diphenyl, acenaphthene and dibenzfuranwere also
identified in the fractions with a boiling point of 180-230 ° C. The composition of
distillates with boiling pint 230-280 °C consists of individual aromatic com-
pounds and their derivatives with a higher molecular weight. The nature of the
distribution of S-, N-, O heteroatoms in the structure of aromatic structures is
different. Nitrogen is found in both six-membered and five-membered rings
(pyridine and pyrrole fragments), oxygen in the hydroxyl group and in the five-
membered ring (furan freagment), and sulfur is only in the five-membered ring
(thiophene fragment).In the fraction of the initial resin with boiling point at 280 °
-350 ° C contains: anthracene, phenanthrene, fluorene, fluoranthene, chrysene,
pyrene and its isomers, benzfluoranthene, isomers of dibenzfluoranthene, high
content of indeno- (1,2,3) -fluoranthene are registered.

128



ISSN 1813-1107

MNe 3 2018

Table 3 — Composition and concentration of coke-chemical resin

Name of identified substances

Concentration, mass, %

Phenol 2,373
Methylphenol(cresol) 7,69

Ethylphenol 2,673
Azulene 0,763
Pyrocatechin 6,41

Methylnaphthalene 2,091
2,3-dihydro-1H-indene-5-ol 0,467
2,3-dihydroxytoluene 0,257
4-ethyl-1,3-dihydroxybenzene 6,92

Tetradecane 0,779
2-methylpentylbenzene 0,217
Pentadecane 0,426
Naphtol 0,573
Cetane 0,482
Methylnapthol 1,205
Tridecanes 0,888
1-tetradecene 0,300
Octadecane 0,21

Hexadecane 0,790
Eicosane 1,066
Genekozan 1,434
Fluoranthene(standard) 0,800
Heptadecane 0,896
Cyclopentadecane 0,888
Saturatedhydrocarbons 1,426

Table 4 — Chemical composition of distillate fractions of the initial coke-chemical resin

Content in fractions

Name of identified matters Temp:,rature, with boiling temperature°C, mass.%
¢ >180 °C 180-250°C 250-320°C

1 2 3 4 5
benzene 80 9,63 - -
thiophen 84 0,18 - -
toluene 110 10,21 - -
m-Xylene 139,138 6,24 0,58 -
o0-Xylene 144 5,39 0,06 -
propylbenzene - 0,41 - -
1-ethyl-1-methylbenzene 159 0,46 0,15 -
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Continuation of table 4

1 2 3 4 5
quinoline 236 0,13 0,54 2,51
3-methylpyridine 144 — 1,44 -
2,4-dimethylpyridine - 0,60 - -
7-methylindol 231 - 0,61 -
2-methylquinoline - 0,13 0,17 0,17
3-methylquinoline — 0,11 0,03 0,25
2- methylnaphthalene 241 — 4,25 9,71
1- methylnaphthalene 245 - 1,82 5,77
diphenyl 255 0,82 0,92 4,22
2- ethylnaphthalene 258 0,60 0,25 1,66
1-ethyl-3- methylbenzene - 1,4 - -
1,2,3-trimethylbenzene 176 0,16 - -
1,2,4-trimethylbenzene 169 2,12 1,40 -
phenol 182 4,67 3,35 -
1,3,5-trimethylbenzene 165 2,86 0,27 -
1,2-diethylbenzene - 0,43 - -
indene 183 4,5 9,69 0,76
m-cresol 202 1,79 431 1,0
2,4- dimethylphenol - 1,56 2,32 2,03
1-methyl-2-2propenylbenzene - 0,92 0,25 -
naphthalene 218 — 41,49 -
2(4)-ethylindyne - 0,19 0,28 -
dimethylindyne - 0,13 - -
thymol 233 0,03 0,08 -
2,3-dimethylpyridine - - - 0,29
isochinoline 243 0,46 0,81 3,29
thiobenzene 185 - 0,21 -
o-cresol 191 1,77 - -
1-ethyl-2,4-dimethylbenzene - 1,14 - -
p-cresol 202 - 1,02 -
1-methyl-inden — 1,53 1,45 0,30
4-methyl-inden - - 0,9 -
3-ethyl-Smethylphenol - - 0,20 0,38
2,5-dimethyl phenol — 0,30 0,35 -
o-ethylphenol - 0,44 0,73 -
1-ethylnaphthalene 259 0,56 0,23 1,30
2,7-dimethyl-naphthalene 262 0,29 0,27 2,25
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Conclusion. Thus, the use of the method of group chemical analysis made it
possible to separate a complex, multicomponent mixture of hydrocarbons and
heteroatomic resin components into fractions of individual compounds with simi-
lar chemical properties. The obtained data on the composition of group fractions
confirm the necessity of using coal tar coke as a raw material source for obtaining
valuable aromatic hydrocarbons, their mixtures and commercial products based
on them. At the same time, to improve their quality, as well as to increase the
yield of the most valuable components, it is advisable to use, if possible, selective
methods for pretreatment of the original resin, which not only allow to preserve
the unique technological properties of the resin, but also to achieve a significant
decrease in its toxic level and carcinogenicity.

The work was performed in accordance with the projectAP05132699
The work was carried out in accordance with the project AP05132699
"Hydrogenated processing of distillate fractions of coal-tar resin of the semi-
coking of cole of Shubarkol deposit to produce sulfur-free naphthalene, benzene
and tetralin".
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LTYBAPKOJI KEH OPBIHBIHBIH, TAC KOMIP ILIABIPBI ®PAKIUSICHIHBIH
TONTBIK KYPAMBIH AHAJIM3/EY

KyxkipTciznenaipinreH HapTaIMH XKOHE TETPAIWH ally OHAIPICIHAE KOJNIaHBLIIATHIH
HETI3ri [IMKi3aT Typi KapacThipbliasl. LlyOGapken KeH OpbIHBI KOMIPiH KapThlaall KOKC-
TEyIEeH aJbIHFaH KOKCOXMMMSJIBIK IIAHBIPIBIH JKOHE KaiiHay Temmepatypacsl 180, 180-
230, 230-280°C maiislp (pakuusIapsIHBIH (HU3UKA-XUMUSIIBIK CHIaTTaMajiapbl 3epT-
TemiHAl. XpoMaToMacc-CIIeKTPOCKOMHSI JTiCi apKbLIbl KaliHay Temmeparypackl 180, 180-
230, 230-280°C Oacrankpl maiblp (pakuusuiapsl aHATU3ACTIHAL. 3epTTey HOTHXKeci
OoibIHIIA IAHBIPABIH JUCTHUIATTHIK (PpakuusuIapbIHBIH XUMHUSUTBIK KYpaMbl apOMaTThIK
cakuHa caHbl 1-4 TeH apoMaTThl KOMipCyTEKTEp/IiH aJKHITYBIHbUIAPIHAH TYPAThIHIBIFBI
KepceTii. XUMUSIIBIK KYpaMbl JKailiibl ajdbIHFaH MATIMETTEP KOKCOXMMHUSUIBIK TaCKOMIp
IIalBIpbIHAH KYHIBI apOMATTHIK KOMIPCYTEKTEp, OJIap/IbIH KOCTIAIAPEIH XKHE OCBI KOMIp-
CYTEKTep HeTi3iHIeri Tayapibl oHIMIEp almyFa OONaTHIHIBIFEI kepceTTi. KaliHay Temmepa-
Typacel 180°C neifiHTi QTUCTHIUIATTHIK (pakius KypamblHaa OCH30I )KOHE OHBIH METHII-,
STHII- KOHE PO TYBIHABUTAPH! aHbIKTanAbl. KaiiHay Temmeparypacs! 180-230°C ¢paxk-
Ms KYpaMbIHJIa /12 OChI KOCBUIBICTAp/IbIH i37epl Oaiikanabl. bys GpakiusiHbIH XUMUSUTBIK
KypaMbl Heri3iHeH OSH30JIIbIH YIIMETHII- )KOHE ITUIITYBIHABUIAPbIHAH, (PEHOI )KOHE OHBIH
METWITYbIH/IBUIAPbIHAH KYpaJIFaH.

TyiiiH ce31ep: KOKCOXUMIUSUIBIK IIaWbIp, KapThlIal KOKCTey, TeTpalluH,KaiHay
TEeMITEpaTypachl, MIalbIp (GpakusIapbl, HaQTaINH.
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AHAJIA3 I'PYIIIIOBOI'O COCTABA OPAKLIUNI
KAMEHHOVYT' OJIBHON CMOJIBI ITYBAPKOJIBCKOI'O MECTOPOX/JIEHM A

PaccMoTpeH OCHOBHOM BWA CBHIPBS, TPUMEHSEMBIH Ul TIPOM3BOJICTBA OeccepHHC-
Toro HadranuHa u TeTpanuHa. MccnenoBansl GU3NKO-XMMHUUECKHE XapaKTEPUCTUKN KOK-
COXMMHYECKOH CMOIIBI, TIOJIy4EHHOH IyTeM MOJyKOKcoBaHUs kKameHHoro yris LlyGap-
KOJIBCKOTO MECTOPOXACHUS U (hpakmuu cMoibl ¢ T. kui. go 180, 180-230 u 230-280°C.
MeTomoM XpOMaTOMacc-CIeKTPOCKOIMN POAHATM3UPOBAHbl TPH (PPaKIUU HCXOTHOU
cMoJtbl ¢ T.kuIL: 70 180, 180-230 u 230-280°C. IToxa3aHo, YTO XUMHYECKHI COCTaB JHUC-
THUJUIATHBIX (PaKIUi CMOJIBI COCTOMT M3 AJIKWJIIIPOM3BOJHBIX aPOMATHUECKHX YTJIEBO-
JIOPOJIOB C YHUCIIOM apomathdeckux kosern 1-4. IlomydeHHBIE NaHHBIE O COCTaBe TPYII-
MOBBIX (pakUMid MOATBEPXKAAIOT HEOOXOIUMOCTh HCIIOJIB30BaHUS KaMEHHOYTOJBHOM
KOKCOXMMHUECKONW CMOJIBI B KAUECTBE CHIPHEBOTO MCTOUHHKA MOIYYECHUS LIEHHBIX apoMa-
TUYECKUX YTJIEBOJOPOAOB, UX CMECEH M TOBapHBIX MPOJIYKTOB Ha UX OCHOBE. B cocraBe
JUCTHIUIATOB ¢ T.KUM. 10 180°C uneHTHUIMpPOBaHBl OCH307 U €T0 METHII-, 3THJI- U TIPO-
mumpon3BoaHble. B cocraBe ¢pakmun c T.kum.180-230°C oOHapyKeHBI CleAbl 3THX
coeiMHEHUH. OTta (pakmust M0 CBOEMY XMMHUYECKOMY COCTaBy COCTOMT B OCHOBHOM W3
TPUMETWII- U 3THIIPON3BOIHBIX O€H301a, (PeHOMa 1 €ro METHIIIIPOU3BOAHBIX.

KnroueBble cj10Ba: KOKCOXUMHYECKAs! CMOJIA, TOTYKOKCOBAHHUE, TETPAIHH, PPaKIInu
cMmodsl ¢ T. kui. 1o 180, 180-230 u 230-280°C, HadranmH.
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POTENTIAL OF PRODUCTION OF BIODEGRADABLE
SURFACTANTS FROM SPIRULINA BIOMASS
IN KAZAKHSTAN CONDITIONS

Abstract. The prospects of using Spirulina biomass in the process of creating a new
class of natural non-ionic surfactants, such as alkyl amides (mono- or diethanolamides) of
fatty acids, which are the most widespread and important class among nitrogen-containing
nonionic surfactants are shown. The results of studies on quantitative growth and accumu-
lation of biomass and its chemical composition are presented. The surface active proper-
ties of the isolated samples were studied. It was found that the biodegradable surfactants
obtained from the Spirulina biomass could significantly reduce the surface tension of
water.

Key words: biodegradable surfactant, microalgae, biomass, spirulina, properties.

Introduction. In the last decade, there has been a large surge in the interest
given to production of biodegradable surfactants due to their advantages, mainly
ecological ones. Moreover, their biological compatibility with living organisms
and their non-toxicity makes them highly applicable in pharmaceutics, cosmetics
and food industry as produce with high added value.

Synthetic surfactants from petrochemical materials is used in many indust-
ries, in most cases inflicting serious damage during their usage, both to the af-
fected object and to the environment. This is way of developments, aimed the
creation of non-toxic and biodegradable surfactants attract a lot of attention in the
scientific circles. Particularly interesting are the biodegradable surfactants that
consist of complex natural molecules of plant-based materials, that have high
surface-active properties.

Although these natural compounds can not compete economically with their
synthetic analogues due to their higher cost and deficiency of the original compo-
nents, which provokes a disputable issue of their usability, the surfactants obtai-
ned from vegetable oils (rapeseed, olive and linseed) are nonetheless already avai-
lable to consumers. It should be noted that the main problem here is the avai-
ability of competition with food products.

Thus, the search of new types of alternative resources for the production of
biodegradable surfactants becomes very relevant. Great efforts have been put into
perfecting the existing processes and the search for new means of fermentation of
microorganisms (yeast fungi, bacteria, etc). However, the current progress in the
creation of natural biodegradable surfactants (based on sugars, sterols and fatty
acids) doesn’t allow for their wide usage on a commercial scale. Main limiting
factors are the high cost of production and the competitive struggle for the resour-

133



XUMWYECKHH )KYPHAJI KA3AXCTAHA

ces with the food industry. Usage of alternative, renewable resources that do not
compete with food industry, such as microalgae, is, at this point, relevant and
practically demanded. Among the available raw materials for the production of
biodegradable surfactants, microalgae biomass have good potential due to the
following reasons: higher growth rates, compared to the usual biomass sources;
the ability to absorb gaseous CO, using solar energy during cultivation with va-
rious climates and on various territories; the ability to store solar energy in
energy-rich compounds, such as lipids; lack of direct competition for land plots
with food industry and the ability to use salt water sources.

The first such commercial production of betaine based on microalgae as an
alternative to the plant-based amidopropyl betaine (figure 1) was created by the
American branch of the BASF company (www.basf.us) under the commercial na-
me Dehyton® AO45 based on the development of Solazyme (www.solazyme.com).
Dehyton® AO45 is manufactured from microalgae made by Solazyme with the
modern technology in a very short time.

H3C‘";N\)]\0@; R—{'}C}—NH—{CH;};;—I"Al—'CZHQ—'C.'E‘HD‘EJ
HaC L
CHs;

Alkyl and alkyl-amido betaine

Figure 1 — Betaine molecule structure

The end goal of the current work is the evaluation of the possibility of crea-
tion of the material base for the biodegradable surfactants using Spirulina biomass
as example in Kazakhstan-based conditions that do not compete with food in-
dustry, and synthesis of new derivatives of the biodegradable surfactants from the
Spirulina biomass, and the evaluation of their surface-active properties, their
potential.

As the object of research spirulina biomass has been chosen. The biomass
was synthesized through autotrophic cultivation of a strain from the global culture
collection located in the Norwegion Institute for Water Research. Spirulina is the
most mass-produced among all of the industrially cultivated globally microalgae
cultures.

EXPERIMENTAL PART

Cultivation of Spirulina microalgae. Biomass Spirulina was obtained by
cultivation in nutrient medium on the basis of mineral water of hydrocarbonate
nature using two kinds of photobioreactor. The laboratory photobioreactor was
used for growth and multiplication of the microalgae in the standard Zarrouk
medium with the purpose of their usage as stock culture in the inoculation process
in an industrial nutrient medium, while in the tubular experimental and the pilot
photobioreactors of the reservoir pond type we cultivated the required amounts of
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the biomass in the main nutrient medium from subterranean mineral waters of bi-
carbonate nature, obtained at the depth of 1800 meters, at the temperature of 75 °C.

To obtain the inoculant solution a sterile Zarrouk medium used with the fol-
lowing composition: compounds containing macroelements (g/L) — NaHCOs,
16,8; K,HPO,, 0.5; NaNO;, 2.5; K,SO,, 1.0; NaCl, 1.0; Na,EDTA, 0.08;
FeSO4 x 7H,0, 0.01; CaCl,, 0.04; MgSO,4 x 7H,0, 0.02; + distilled water and
compounds containing microelements (g/L) — Na,EDTA, 0.5; H;BO;, 2.86;
MnCl, x 4H,0, 1.81; ZnSO4 x TH,0, 0.222; CuSO4 x 5H,0, 0.079; MoOs, 0.015;
NH4VO;, 0.02296; Co(NOs), x 6H,0, 0.04398; K,Cra(SO04)s x 24H,0, 0.0960;
NiSO4 x 7H,0, 0.04398; Na,WO4 x 2H,0, 0.01794; Ti(SO,);, 0.040).

To obtain biomass, at first a mother liquor of microalgae was prepared in a
pilot pool-type photobioreactor, which is a specially assembled test-storage unit
of a tubular photobioreactor (figure 2) with a volume of 50 to 100 liters of the
suspension in a sterile standard Zarrouk solution. The laboratory photobioreactor
was fed with carbon dioxide and air mixture using an aquarium compressor with
an average airspeed of 4.5 L/min. The time of cultivation was up to 17 days, un-
der natural lighting corresponding to the solar intensity of 400 MJ/m’ or more, in
the summertime at the temperature range 20-30 °C. Cultivation of microalgae by
this system allowed the cultivation of reliable and resistant laboratory-based
mononucleic culture, that could be used as stock solution during inoculation.

e
ic ,J‘..I.._‘

Figure 2 — Laboratory setup of the tubular photobioreactor
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Inoculation of the mixture to the industrial nutrient medium was performed
through a sequence of growing additions of hydrocarbonate water refined with the
required biogenic elements on a series of photobioreactors with volumes of
0,5;1,0; 3 m’, and the collection of the required amount of biomass was performed
from the bioreactor with the volume of 15 m’. Biomass was separated through the
filtration of the mixture, and then washed with fresh water, then dried and
grinded. For cultivation in the industrial photobioreactor we developed a special
nutrient medium based on hydrocarbonate water of the subterranean flowing well
with the addition of the required biogenic elements for the effective growth of the
biomass. To keep the temperature of the liquid nutrient medium constant and
stable, thermal energy of the geothermal waters was used, which allowed to pro-
vide a stable production of biomass — 5kg of dry biomass per month. Cultivation
was performed in the patented by the authors: nutrient medium [1] and photo-
bioreactor [2]. Thanks to the fact that the temperature of the process (its nutrient
medium) lies in the 25-35 °C range, biotechnological regime can be supported
using the alternative energy source — the source of the low-temperature geother-
mal water well. The spirulina biomass obtained this way was used as an object of
research to obtain biodegradable surfactants.

Extraction of lipids from Spirulina biomass. The researched dry Spirulina
biomass was thoroughly rubbed with quartz sand. Then it was mixed with the
extracting mixture, 1:1 by mass. The obtained extract, after filtration, was collec-
ted into the measuring cup. Then, the methanol mixture was removed by eva-
poration.

Synthesis of methyl ethers of fatty acids. 2.25 moles (91 ml) of methyl
alcohol and 0.25 moles (218.75 g) of Spirulina extraction lipid were placed in a
500 ml round-bottomed flask. To the reaction mass, 5 weight percent (14.5 g) of
the prepared solid phase catalyst (KOH / activated carbon) was added. The reac-
tion mixture was heated to 73 © C. The heating rate was 1.2-1.3 ° C per minute.
The reaction mixture was kept at this temperature for 8 hours. The catalyst was
filtered off and washed with two 200 ml portions of methanol and reused. The
reaction mass was cooled to 30 ° C and a heavier lower glycerin layer was sepa-
rated. Excess methanol was distilled and regenerated.

Synthesis of methyl esters is carried out according to the inter-esterification
reaction (figure 3).

CH,-O00C-R, R,-COO-CH, CH,-OH
| | -
CH -00C- R, + 3CH,OH —» R,-COO- CH, + CH-OH

| |
CH,-00C-R R,-COO- CH, CH,-OH

Figure 3 — Reaction of inter-esterification
Synthesis of pyrolysis lipids from biomass. Lipids from biomass were

isolated by pyrolysis at temperatures up to 3000C and between 3000—4500C in a
tubular quartz reactor in a current of inert gas of nitrogen. From the sample of
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15.0 grams of biomass, the oil yield was 1.3 and 1.8 g. The obtained oil from the
biomass was dissolved in hexane. The composition of the oil from the biomass
was analyzed using gas-liquid chromotrophy (GLC) equipment equipped with a
mass spectrometric detector.

Determination of fatty acid composition by chromatography-mass spectro-
metry method. Component compositions of the lipid obtained Spirulinae was
identified by gas chromatography (GLC) AgilentTechnologies 5890N with a mass
selective detector (mobile phase: chloroform: methanol = 1: 1, vol.%, HP-1
column type) by the procedure of [3] . The initial temperature of the column is
40 °C, the holding at the initial temperature is 1 min; programming temperature
from 40 to 220 °C, speed 15grad/min, from 220 to 320 °C deg with the speed of
5 grad/min. Exposure at the last temperature of 15 minutes. The gas is helium osm.
brand "5". The sample volume is 1 pl, the temperature of the evaporator is 280 °C.

Identification of the chromatograms was carried out manually by comparing
the mass spectra of the test compounds with the library data of NISTOS.

Determination of surface-active properties. The surface activity of the samp-
les was evaluated on a KRUSS tensor K20 EasyDyne using the Wilhelm plate
method. Surface and interfacial tension measurements were carried out at room
temperature, or in the range of -10 to 100 °C using a thermostated jacket, the
temperature of which is maintained by means of a circulating thermostat. At the
same time, the surface tension of aqueous solutions was determined in the range
of their concentration from 0.001 to 1 %.

RESULTS AND DISCUSSION

Quantitative indicators of growth and biomass accumulation were assessed
by measuring the optical density of culture media on a Perkin Elmer lambda-35
ultraviolet spectrometer in the wavelength range from 420 to 650 nm. In this case,
a maximum intensity of 420-680 nm characterizes chlorophyll, 490 nm beta caro-
tenoids, and 620 nm phycocyanin. The obtained experimental data on the
accumulation of biomass are shown in figure 4.

A common characteristic pattern is the S-shaped form of the growth-time
curve, although the specific shape for each nutrient medium is quite different, due
to the difference in the biogenic constituents of the components. At the same time,
the growth of the microalgae biomass eventually leads to an increase in the cell
concentration to a certain maximum culture density. This limiting density turned
out to be 0.4 g/L and is apparently related to some limitations, including: the ex-
haustion of mineral nutrient elements, the decrease in the penetration of the layer
of light into the stratum or the accumulation of metabolites in the nutrient
medium, as well as by other physicochemical conditions of the environment.

The growth dynamics of the studied culture in both media have a typical
S-shaped curve, which can be conditionally divided into 6 sections. Note that, in
general, the process of accumulation of Spirulina biomass in the studied nutrient
media is similar to that of any other microalgae [4].
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Figure 4 — Growth characteristics of biomass Spirulina in various nutrient media:
a) standard culture medium of Zarrouk;
b) commercial environment based on local bicarbonate mineral water

The composition of the nutrient media directly affects the component com-
position of the resulting biomass, which determines the final properties of the
surfactant. This allows for directional biosynthesis. For example, the authors of
[5] demonstrated the possibility of obtaining an extract of Spirulina biomass with

specified surface-active properties.
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The obtained results indicate that in the conditions of Kazakhstan it is pos-
sible to effectively cultivate Spirulina, suitable for the creation of biodegradable
surfactants.

The chemical composition of the biomass oil obtained by extraction is
determined, and results are given in table 1.

Table 1 — Chemical composition of the extraction oil of biomass
from gas-liquid chromatography data

Compounds Structural formula Content, %
Hexadecane Hal CHa 1,17
Heptadecane Ht EHy 27,73
1, 19-Eicosadiene T e e e e e P P P e 1,90

. . 2
n-Hexadecanoic acid Hok 3,53
Hexadecanal HsC =0 2,29

Hexadecanoic acid, N '\/\/\I/Q\/ 16,15
1 ,

ethyl ester

Phytol J‘V\/!\NWQH 3,74

9,12,15-
octadecatrienoic acid, [+ 9,47
ethyl ester (z, z, z)

9,12-octadecadienoic WW Ly 5.79

acid, ethyl ester e

[+]
S A

Ethyl oleate i 1,23

The reaction of the esterification of triglycerides (lipid fraction) with me-
thanol was carried out in the presence of a catalyst KOH. The component
composition of the fatty acid methyl esters obtained was analyzed by GC on an
Agilent Technologies 6890N (USA) instrument equipped with a mass selective
detector. Identification of the compounds obtained was performed using a gas-
liquid chromatography database. The obtained spectra are shown in figure 5.
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Figure 5 — Chromate-mass spectrometric data of biomass Spirulina

Based on the data of spectral studies, the chemical composition of the lipid
constituents of the fatty acids of the Spirulina biomass is shown in table 2. It
follows from the analysis of the table that the methyl lipid ester is mainly methyl
fatty hexadecanoic acid.

Note that Spirulina biomass is very rich in amino acid compounds (65-70%
protein compounds), the second leading component of its composition are carbo-
hydrates (polysaccharides), and lipids occupy only 7-8%. Biomass microalgae
also contains compounds such as glycolipids, phospholipids and neutral lipids [6,
7], in addition, sugars, sterols, terpenes and fatty acids, which serve as the main
functional components of the composition of natural surfactants [8]. From each
given group, in the future, the most suitable candidates for saccharides, peptides
(amino acids) can be isolated as a starting material with significantly better hyd-
rophilic properties for the production of biodegradable surfactants. As a hydro-
phobic compound from a lipid microalgae composition, one of the fatty alcohols
can be selected. It is on this principle that a new 100% vegetable surfactant based
on alkyl polyglucosides is created under the trade name EcoSense ™ from Dow
Personal Care. This surfactant has the following superiority: excellent foaming,
softness to the skin, does not contain preservatives, broad compatibility, easy
biodegradation, low ecotoxicity.

Fatty acids are useful building blocks for the hydrophobic part of the sur-
factant molecule, since they contain a reactive carboxyl group. Simple alkenes are
also of great interest, since it becomes possible to attach the units of the molecule
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Table 2 — Products of the reaction of methylation of triglycerides

Compounds Structural formula Content, %
Heptodecane P T W N N N 2915
Methyl 9-hexadecenoic acid . 3.678

. 0.

Mgthyl ester of hexadecanoic 33.979
acid
n-hexadecanoic acid 2.569

OH

. 0
Ethyl ester of hexadecanoic 6.227
acid 4
The methy_l est;r of 6,9,12- 16.223
octadecatrienoic acid
M.ethyl 9,12-octadecadienoic 13428
acid 3
OH

Cyclohexanol O/ 5.634
3-tridecene-1-yne 3.707
9,17-octadecadienal 2.497
Other 9.143

at the site of the double bond, and thus can be converted to good hydrophobic
compounds.

The compounds obtained by us in terms of molecular structure are close to
those promoted by the American company in the field of biodegradable surfac-

tants Elevance Renewable Sciences Inc. 9-decenoicacid (9-DA). The company
0

;’/’\/\/\/\)J\
offers 9-DA ( oH ) as a new special sub-

stance, which is a completely natural difunctional compound in the production of
biodegradable surfactants. This comound allows us to create a technological
platform for petrochemical products, acting as a building block, due to the pre-
sence of a difunctional group in the structure. This will significantly expand the
market for innovation and the scope of their use.

Thus, the totality of the obtained data unambiguously testifies that Spirulina
can be an effective renewable industrial raw material resource, which is an alter-
native to traditional types of plant raw materials, which give biopreparation lines,
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and not a separate, specific type of biodegradable products. And in our opinion,
this is the main strength of Spirulina for the development of biodegradable sur-
factants.

Surface active properties of Spirulina samples were studied. The dependence
of the surface tension on the surfactant concentration in the water solution is
revealed. The results are represented in table 3.

Table 3 — Dependence of surface tension on concentration

Name
CO?Cemra‘ Spirulina| Methyl Meth yl.ethers Pyr(?lysis Pyrolysis | New nonionic
tion of biomass | ethers of of.Sp irulina fa}tty oils, oils, tem- | surfactant based
Sl;rj‘scst?;)n’ extract Spirulipa am?:}ég::iiflon terrﬁ;eéziure perature |on gmide .of fatty
) fatty acids chloroform) 300 °C 300-450 °C | acids Spirulina
Surface tension (mN/m)
0.001 56.1 63.6 64.2 69.3 44.1 59.2
0.01 49.8 61.5 43.8 65.8 435 41.4
0.1 45.5 54.1 37.2 61.7 354 31.0
1 34.8 310 23.3 45.3 32.2 29.7

As can be seen from this table, in the samples studied, the surface tension
index decreases with increasing concentration. At the same time, the biomass
extract obtained from methyl esters of fatty acids from spirulina triglycerides
corresponds to lower values of the surface tension index (31.0 mN/m) compared
to the pure extract (34.8 mN/m). This fact indicates that Spirulina is a suitable raw
material for the production of a biodegradable surfactant, since according to [9] a
good surfactant has the ability to reduce the surface tension of water from 72.0 to
35.0 mNem™'. By our amination of Spirulina fatty acids, a new nonionic surfactant
with a surface tension of 29.7 mN/m (table 3) was obtained.

As is known, Spirulina produces such compounds as glycolipids, phospho-
lipids and neutral lipids, which are classified as biological surfactants. Here the
situation is similar to the case of controlled biosynthesis, in which complete elimi-
nation of phosphorus and an increased nitrogen content in the nutrient medium
lead to a mixture of biomass extract having a low value of the surface tension
index (31.2 mN-m™).

Thermochemically obtained pyrolysis lipids Spirulina also have acceptable
surface-active properties. Moreover, the pyrolysis lipid fraction obtained at
temperatures above 300 °C, has better surface-active properties, as can be seen
from the data in table 3.

Thus, the conducted researches established that in the conditions of Ka-
zakhstan it is possible to effectively produce biomass of Spirulina, which does not
compete with crop production.
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The prospects of using Spirulina biomass in the process of creating a new
class of natural non-ionic surfactants, such as alkyl amides (mono- or dietha-
nolamides) of fatty acids, which are the most widespread and important class
among nitrogen-containing nonionic surfactants possessing detergent and
cleaning action, wetting and emulsifying properties , regulating and stabilizing
foaming, which affect the viscosity increase. All this ensures their use in
cosmetics, liquid detergent formulations, pharmaceutical emulsions as an additive
to soaps, hair dyes, as raw materials for the production of other surfactant classes,
as well as in the textile industry, plastic processing, flotation, dry cleaning and
processing of metals. It has been found that biodegradable surfactants from
Spirulina's obtained biomass have the ability to reduce the surface tension of
water significantly more (up to 23 mNem™") than many good surfactants, which
lower this figure to 35,0 mNem™.

Although the production of a completely natural non-ionic surfactant
requires advanced technologies, it is already becoming a commercial reality. As a
source of natural non-ionic surfactant, the raw material resources of the biomass
Spirulina can contribute to the further development of the microalga industry, the
potential market in Kazakhstan in the feed, salmon and poultry industries, as well
as nutraceuticals in the food industry.
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KA3AKCTAH XAFJANBIHIA CITUPYJIMHA BUOMACCACBIHAH
BUOBIIBIPAMAJIBI B53 OHAIPY OJIEVETI

A3OTTBI KOCBUTBICHI Oap Oetimonorenni bb3 kinackHBIH imiHAe KSH TapaifaH jKOHE
MaHBI3IBl (MOHO- HEMMECEe IMATAHOJAMHM) aJKMIONAMHATI Mai KBIIKBUIIAPHI OOJBITI
TaOBUTATHIH JKaHa Tabmru OevimoHoreHni BB3 kmaceiH Kypy mporecinge CrmpynnHa
OroMaccachIHBIH KEJEIIeKTEe Mai1a-TaHybl KOPCEeTiTeH.

3epTTey HOTHKENCIHAEe OMOMACCaHbIH OCYyl MEH JKHMHAKTAJIybIHBIH CaHIBIK KOPCET-
KIIITepl MEH OHBIH XUMHSJIBIK KYPaMbl aHBIKTAIABL. BeIiHIN anblHFaH YyITUIepaiH OSTTiK
OeJIceH Il KacueTTepi 3epTTe/Ii.

Tyiiin ce3gep: OuoblnbIpamMansl OeTTIK-OeJCeHAl 3aT, MHUKpOOanaslp, Onomacca,
CIHPYJINHA, KACUETTEPI.
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IOTEHLIUAJI ITPON3BOACTBA BMOPA3JIATAEMBIX ITAB
N3 BUOMACCEHI CITMPYJIMHBI B YCIIOBUAX KASAXCTAHA

[TokazaHa TNepCIEKTUBHOCTh MCIOJB30BaHUS Onomacchl CIUpyIHHBI B Tpoliecce
CO3JJaHUSI HOBOT'O KJlacca NMPHPOAHBIX HEMOHOTeHHBIX [TAB, Taknx Kak ajiKuionamMuJIbl
(MOHO- WJIM JAMATAHONAMHIIBI) KHUPHBIX KHCIIOT, SBISIOIIMXCS HamOoJee pacmpocTpa-
HEHHBIM W BaXXHBIM KJIACCOM CpEIH A30TCOAEP KAIINX HEHMOHOTCHHBIX MOBEPXHOCTHO-
aKTMBHBIX BeIIECTB. [IpHBENEHBI pe3ysbTaThl HCCIEIOBAaHUI 10 ONPENCIICHUIO KOJIH-
YECTBEHHBIX ITIOKa3aTeNell pocTa M HAKOIUIEHHWS OHMOMAacChl, €6 XHMHYECKOTO COCTaBa.
W3yueHbl MOBEPXHOCTHO aKTUBHBIE CBOMCTBA BBIICIIEHHBIX 00Pa3IoB.

KnrwoueBble cioBa: OnopasnaracMoe  IOBEPXHOCTHO-aKTHBHOE  BEILIECTBO,
MHKPOBOJIOPOCITb, OOMacca, CIIpYJIMHA, CBOHCTBA.
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COMPLEXES OF 1-2-ETHOXYETHYL)-4-
(DIMETHOXYPHOSPHORYL)-4-HYDROXYPIPERIDINE
WITH IONS OF BIOGENIC METALS: SYNTHESIS AND PROPERTIES

Abstract. The complexation of 1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hyd-
roxypiperidine with ions of biogenic metals (Co™, Ni*>, Cu™*, Mn ™) in the ligand : ion
ratio of 2:1 had been studied. It had been turned out that cobalt and nickel ions generate
stable complexes, whereas the product obtained with copper and manganese ions is
basically a mixture of the ligand and the corresponding salt. By modeling with the se-
miempirical PM3 method, it had been shown that a complex in which the divalent metal
ion forms coordination bonds with nitrogen atoms and oxygen with a double bond on
phosphorus is energetically most advantageous, with the piperidine cycle being in the
“boat” conformation. CoL,Cl, (Kaz-10) and [MnL,SO,4] (Kaz-11) at a concentration of
1.0.10-3% significantly stimulate the germination of barley and wheat seeds.

Key words: o-Hydroxyphosphonate, ions of biogenic metals (Co™, Ni'% Cu'?,
Mn"?), complex, synthesis, structure, stimulator of germination of barley and wheat seeds.

Bioregulation - an area that enables to regulate the direction and intensity of
biochemical processes, which can be widely used in medicine, livestock and crop
production. It is related to development of ways to restore the physiological
function of the body both for the prevention and treatment of diseases and age
pathologies. Complex compounds of organic ligands with ions of biogenic metals
refer to promising biologically active compounds. The results of their biological
effect tests showed that chemistry gives novel preparations to doctors, cattle
breeders, agronomists and biologists, allowing them to actively influence the
living cell, regulate the nutritional conditions, growth and development of living
organisms [1-4].

Among the microelements, the content of which in the body amounts to
thousands and even trillions of percent, are: iron, cobalt, manganese, copper,
molybdenum, zinc, cadmium, fluorine, iodine, selenium, strontium, beryllium,
lithium, etc. Despite the small quantitative content in organisms, microelements
has a significant biological role in the processes of growth and development. It
has been established that the excess of microelements, as well as their lack,
adversely affects the plants.

a-Hydroxy- and a-aminophosphonates are of practical interest as substances
with biological activity of widely spectrum and technological simplicity of their
obtaining [5-9]. In addition, the ability of organophosphorus to complex
formation with metal ions [10-14] contributes to the expansion and more intensive
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development of chemistry of this class of compounds. Complexes of amino-
phosphonates with lanthanides and actinides are used in medical NMR diag-
nostics. Using aminophosphonates, effective methods for separating gold ions,
iron ions, copper ions, and also palladium extraction have been developed. Cur-
rently, there are a number of drugs based on nitrogen-containing bisphosphonates
for patients with impaired calcium metabolism. Aminopolyphosphonates as
complexing agents with high specificity for various cations are widely used in
analytical chemistry and catalysis, in the paper and textile industries to remove
trace amounts of metal ions in whitening baths, as well as in medicine to relieve
metal overload in living organisms, particularly for the treatment of anemia
overload of iron in the body.

The previously synthesized hydroxyphosphonate with the N-(2-ethoxy-
ethyl)piperidine moiety [15, 16], at a concentration of 1.010°%, stimulates
growth and increases resistance to drought of plants, and in an experiment on
animals poisoned with salts of heavy metals, it treats their immune status.

To enhance the stimulating growth of plants there is set to study comple-
xation  of  1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine
(ligand, L) with certain ions of biogenic metals - Co™, Mn**, Cu™® and Ni”%. To
prepare the complexes ligand and chlorides of cobalt, nickel, copper and
manganese sulfate are taken with the ratio (metal ion : L) = 1: 2.

H;CO_ OCH;, H;CO_  OCH;

HO. PN HO o
N h
CH,CH,OCH,CH, CH,CH,OCH,CH; |2

M =Co?*, Cu?’, Ni?", Mn?*";
An=2Cl or SO,*

To obtain the complexes, the salt and ligand are separately dissolved in the
solvent, then the solutions are drained and stirred at room temperature for 2 hours.
The reaction mixture is then dried at 50 © C until the solvent evaporates com-
pletely. Moreover, various solvents have been used to prepare the target com-
plexes: ethanol, methylene chloride, acetonitrile, benzene, acetone and water. The
best results were obtained using ethanol or methylene chloride.

The synthesized complexes are crystalline products, some have different
colors (Co™ - dark blue, Ni™ - yellow-green, Cu™ - light blue), but only the com-
plex of the ligand with Mn " is white crystals.

In the IR spectrum of the ligand (figure 1), an intense absorption band is
observed at 1037.5 cm™, which is characteristic of C-N stretching vibrations, the
band at of 1226.2 cm™ is attributed to the absorption of P=O group, 3269.5 cm™ -
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Figure 1 — IR spectrum of 1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine (L)
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Figure 2 — IR spectrum of CoL,Cl,

to the uptake of O-H, 1182.1 cm™ — (-CH,-O-CH,-), 1454.3 cm™ - P-OCHj, and
also several absorption bands of Cgy,-Cqp (2822.2 cm” ' 2879.1 cm™, 2958.9 cm’l).

The IR spectrum of the cobalt complex (figure 2) suggests the formation of a
complex. Thus, the shift of the absorption bands of the P=0O group into the region
1220.6 cm” and P-OCH; - at 1470.2 cm™ indicates the participation of the
phosphonate fragment in the formation of the Co™ - ligand bond, and also the C-
N bonds with 1037.5 cm™ to 1043.5 cm™. Absorption of the bonds of the hydro-
xyl group remains almost unchanged (C-O alcohol - 1037.5 cm™, 3267.4 cm™ -
O-H). The IR spectrum of the nickel complex looks similar.
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The average values of the absorption bands of the bonds of the P-OCHj,
P=0, C-N of ligand and its complexes are presented table 1.

Table 1 — IR spectra of the ligand and its complexes with ions Co'?, Ni*?, Cu*?, Mn"?

IR spectrum, cm’!

Compound

P-OCH; P=0 C-N
Ligand (L) 1454 1226 1037
CoL,Cl, 1466 1200 1043
NiL,Cl, 1456 1188 1049
[CuL,Cl,] 1454 1226 1038
[MnL,SO,] 1453 1226 1037

Infrared spectra of copper and manganese complexes are characterized by the
presence of absorption bands of the above groups both in the ligand itself, which
indicates that the resulting samples contain mainly the initial ligand. However,
judging by some changes in the reaction solution (color, gradual dissolution of the
precipitate of the salt), a complex is formed. Apparently, the technique used is not
entirely suitable for the preparation of complexes with copper and manganese
ions.

The NMR spectra of the obtained complexes due to the strong magnetic field
of the metal ions turned out to be unsuitable for decoding and, accordingly, it is
impossible to determine the structure of the complex. To solve this problem, the
possibilities of computer chemistry are involved. The modeling was carried out
using the semiempirical PM3 method. To accelerate the optimization of ligand
structures and its complexes, its structure is simplified by replacing the sub-
stituent at the nitrogen of piperidine ring by the methyl group, while the extension
of this substituent is assumed to have a slight effect on the heat of complex
formation. As the complex-forming model compound, chloride of bivalent copper
is taken. The accuracy of the optimization (gradient) is set to 0.01 kcal/mol.

To estimate the heat of formation of the copper ligand-chloride system,
calculations were carried out for two conformational states of the heterocyclic
ring ("chair'" and "boat"), and the distance between the ligand and copper chloride
was not less than 7A in order to avoid convergence and the formation of coor-
dination bonds during optimization. Since the possibility of forming coordination
bonds of three groups or fragments of the ligand was taken into account, four
more probable structures (figure 3) of the complex were calculated.

After optimization of the most probable structures of the complex, the heat
of formation was estimated. Calculations show that the formation of complex 4
(HF =-267.960 kcal/mol) is most profitable energetically. The main points for the
generation of coordination bonds between the ligand molecule - 1-(2-etho-
xyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine, and the bivalent copper
ion are nitrogen and oxygen with a double bond on phosphorus, which have the
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Initial system
(ligand "chair")

‘ -

Heat of formation
HF = -200.893 kcal/mol

Complex 1
(Cu™, N, «chair»)

£ €

Heat of formation
HF =-258.157 kcal/mol

Complex 3
(Cu+2, P=0, OH, «chairy)

q

Heat of formation

Initial system
(ligand "boat")

» ‘gﬁ e
¢ ¢ &

Heat of formation
HF = -202.286 kcal/mol

Complex 2
(Cu+2, N, OH, «boaty)

Heat of formation
HF =-261.256 kcal/mol

Complex 4
(Cu+2, N, P=0, «boat»)

Heat of formation

HF =-261.677 kcal/mol HF =-267.960 kcal/mol

Figure 3 — Probable conformation of the ligand and complexes
and the values of Heat of formation

highest electron density. The second molecule of the ligand "joins" to metal ion in
the same way. The nature of the substituent at the nitrogen atom of the piperidine
ring and the metal does not significantly affect the heat of formation of the
complex.

Thus, the most probable structure of 1-(2-ethoxyethyl)-4-(dimethoxyphos-
phoryl)-4-hydroxypiperidine complex with a divalent metal ion is:
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The shift in the absorption bands of the P-OCHj3;, P=0 and C-N bonds in the
IR spectra of CoL,Cl, and NiL,Cl, compared with analogous bands of ligand
testifies the formation of this complex structure.

Test studies on the germination of seeds of two complexes of 1-(2-etho-
xyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine with cobalt (CoL,Cl,)
and manganese ([MnL,SOy]) ions were carried out on the barley variety "Arna"
(elite), wheat variety "Kazakhstan-10 "(elite) and maize variety "KazNIIZR-75".
Table 2 presents the results of the first 3 days after the soaking of seeds in the
corresponding solutions (concentration of Kaz-10 and Kaz-11 was 1,010 %).

Table 2 — Test data Kaz-10, Kaz-11 and applied plant growth stimulants (Gumi-K+Vermicai) and
Baikal EM-1 for germination of barley, wheat and maize seeds in model experiments on phytotron

The number of sprouted seeds for every 10 in the series, pcs.
Preparation Barley variety Wheat variety Maize variety
"Arna" (elite) "Kazakhstan-10" (elite) "KazNIIZR-75"
Control (Water) 2,3/10 5,7/10 no
Kaz-10 (CoL,Cly) 2,5/10 7,7/10 no
Kaz-11 ([MnL,SO,]) 3,0/10 6,7/10 no
(Gumi-K+Vermicai) 2,0/10 7,3/10 no
Baikal EM-1 1,5/10 7,0/10 no

The stimulating effect of Kaz-10 and Kaz-11 and used stimulants (Gumi-
K+Vermicai, Baikal EM-1) on seeds of cereal crops - barley and wheat is noted.
On the seeds of maize varieties "KazNIIZR-75" during the first three days, the
effect does not appear in all the solutions studied.

Thus, it had been shown that hydroxyphosphonate - 1-(2-ethoxyethyl)-4-
(dimethoxyphosphoryl)-4-hydroxypiperidine, forms with the ions of biogenic
metals (Co™, Ni%, Cu™, Mn"?) complexes in the ratio of ligand: ion is 2 : 1. The
cobalt and nickel ions generate stable complexes, whereas the product obtained
with copper and manganese ions is basically a mixture of the ligand and the
corresponding salt. It is energetically most advantageous a complex in which the
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metal ion M" * has coordination bonds with the nitrogen and oxygen of P=O
group, and the piperidine cycle is in the “boar” conformation. CoL,Cl, and
[MnL,SO,] under laboratory ciphers Kaz-10 and Kaz-11 significantly stimulate
the germination of barley and wheat seeds at a concentration of 1.0'107%.

EXPERIMENTAL PART

Control over the reactions is carried out by thin layer chromatography on
aluminum oxide of III degree of activity with the appearance of spots by iodine
vapor. The IR spectra were recorded on a Nicolet 5700 FT-IR spectrometer in
KBr tablets.

Synthesis of di[l1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine]cobalt (II) chloride. To a solution of 0.25 g (9.010” mole) of 1-(2-
ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine in 5-10 ml of ethanol
(or methylene chloride) was added a solution of 0.1 g (4,5.10-4 mole) of cobalt
(IT) chloride hexahydrate in 5-10 ml of ethanol (or methylene chloride). Then a
pink mixture is placed in an ultrasonic bath for 30 min. The reaction solution is
then dried at 50°C, until the solvent has completely evaporated. The complex is
obtained in the form of a crystalline powder of a dark blue color with a yield of
66.7% (0.21 g), m.p. 118-128 ° C (ethanol) and 60% (1.18 g), m.p.108-135° C
(methylene chloride).

Calcd., %: C 38,16, H 6,988 COC22H43N2010P2C12.

Found., %: C 38,49; H 6,59.

IR, cm™: 1183 (-CH,-O-CH,-); 1466 (-P-OCHs3); 2965, 2966, 2969 (Cpo-Cspo);
1200 (P=0); 1044 (C-OH); 3267 (Cyrom-H).

Synthesis of difl- (2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine]nickel (II) chloride. To a solution of 0.25 g (9.010” mole) of 1-(2-
ethoxyethyl)-4- (dimethoxyphosphoryl)-4-hydroxypiperidine in 5-10 ml of
ethanol (or methylene chloride) was added a solution of 0.1 g (4,510 mole) of
nickel chloride hexahydrate (II) in 5-10 ml of ethanol (or methylene chloride).
The mixture is then placed in an ultrasonic bath for 1 min. The reaction solution is
then dried at 50°C, until the solvent has completely evaporated. The complex is
obtained as a crystalline powder of a yellow-green color with a yield of 75.2%
(0.23 g), m.p. 111-161°C (ethanol) and 57.2% (1.18 g), m.p. 141-151° C (methy-
lene chloride).

Calcd., %: C 38,1 8, H 6,99 NiC22H48N2010P2C12.

Found., %: C 38,71; H 6,81.

IR, cm™: 1115 (-CH,-O-CH,-); 1456 (-P-OCHj); 2971, 2972, 2973 (Cop-
Cqp); 1188 (P=0); 1048 (C-OH); 3200 (Cyrom-H).

Synthesis of di[l1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine] copper (II) chloride. To a solution of 0.3 g (7.810™ mole) of 1-(2-
ethoxyethyl)-4- (dimethoxyphosphoryl)-4-hydroxypiperidine in 50 ml of ethanol
(or methylene chloride) was added a solution of 0.005 g (3.9'10™* mole) of copper
(IT) chloride in 5 ml of ethanol (or methylene chloride). The mixture is stirred for
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1 h at room temperature and held for 20 min in an ultrasonic bath. The complex is
obtained as a light blue crystalline powder in 75% yield (0.2 g), m.p. 107-112° C
(ethanol) and m.p. 108-112 ° C (methylene chloride) (mixture of ligand, salt and
complex).

Calcd., %: C 37,91, H 6,94 CUC22H48N2010P2C12.

Found., %: C 42,54; H 7,64.

UK cmektp, em: 1110 (-CH,-O-CH;-); 1454 (-P-OCHs;); 2821,7; 2880,6;
2959,3 (Cyp2-Cyp2); 1226,2 (P=0); 1037,5 (C-OH); 3269 (Carom-H).

Synthesis of di[l1-(2-ethoxyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypi-
peridine] manganese (Il) sulfate. To a solution of 0.9 g (3.2:10° mole) of 1-(2-
ethoxyethyl)-4- (dimethoxyphosphoryl)-4-hydroxypiperidine in 50 ml of ethanol
(or methylene chloride) was added a solution of 0.27 g (1,610 mole) manganese
sulfate (I) monohydrate in 5 ml of ethanol (or methylene chloride). The mixture
is stirred for 1 h at room temperature and held for 20 min in an ultrasonic bath.
The complex is obtained as a white crystalline powder in 70% yield (0.18 g), m.p.
106-114°C (ethanol) and m.p. 109-113°C (methylene chloride) (mixture of
ligand, salt and complex).

Calcd., %: C 33,95, H 6,78 MHC22H48N2014PQS.

Found., %: C 43,59; H 8,94.

IR, cm™: 1110 (-CH,-O-CH,-); 1452,7 (-P-OCHs3); 2957,5 (Cypo-Cqpo); 1226,0
(P=0); 1038,3 (C-OH); 3267.,9 (Carom-H).

Research was carried out in a framework of the grant of the Ministry of
Education and Science of the Republic of Kazakhstan AP05131025.

REFERENCES

[1] Posypnov G.S., Dozorov A.V., Dozorova T.A. Biological nitrogen and its ecological and
economic importance in plant growing // Cereals. 2000. N 2. P. 24-26 (in Rus.).

[2] Zahir Z.A. Plant growth promoting rhizobacteria: application and perspectives in agricul-
ture // Adv. Agron. 2004. Vol. 81. P. 97-169.

[3] Malmakova A.E., Dalzhanova G.A., Zhumakova S.S., Sagatbekova 1.B., Begimova G.U.,
Rakhmatulina R., Zharkynbek T., Southpaeva E., Praliev K.D., Kan V.M., Zazibin A.G., Yu V.K.
Synthetic design of biofertilizer modifiers // International conference daRostim 2017 "Technological
aspects of modern agricultural production and environmental protection”. 8-11-November 2017. Al-
maty. P. 123-125 (in Rus.).

[4] Begimova G.U., Sagatbekova I.B., Praliyev K.D., Kan V.M., Yu V.K. Novel a-amino-
phosphonates as plant growth stimulators // International conference daRostim 2017 "Technological
aspects of modern agricultural production and environmental protection". 8-11-November 2017.
Almaty. P. 118-119.

[5] Begimova Gulzeinep, Tupikina Elena Yu., Yu Valentina K., Denisov Gleb S., Boden-
steiner Michael, Shenderovich Ilya G. The Effect of Hydrogen Bonding to Water on the *'P Che-
mical Shift Tensor of Phenyl- and Trialkylphosphine Oxides and a-Amino Phosphonates // J. Phys.
Chem. 2016. Vol. 120(16). P. 8717-8729.

[6] Begimova G.U., Praliyev K.D., Abzhan E., Baigozhayeva D., Yu V.K. Development of
optimal conditions for aminophosphorylation of phenylpiperazines // Izvestiya Nat. Acad. RK.
2016. Vol. 420, N 6. P. 45-51 (in Rus.).

[7T Yu V.K., Praliyev K.D., Zazybin A.G/, Begimova G.U., Ten A.Yu., Malmakova A.E.,
Dalzhanova G.A., Sagatbekova [.B. Synthetic assembly of biologically active hetero (N-, P-, F-)

152



ISSN 1813-1107 MNe 3 2018

systems // All-Russian scientific conference with international participation "Modern problems of
organic chemistry". Novosibirsk, 2017. P. 326 (in Rus.).

[8] Begimova G.U., Akhmetsadyk O.E., Praliyev K.D., Yu V.K. Dimethyl [(3,4-dimethoxy-
phenyl)(4-phenylpiperazin-1-yl)methyl] phosphonate: synthesis and structure // Chem. Kazakhstan.
2016. N 1. P. 179-184 (in Rus.).

[91] Akhmetsadyk O., Ten A., Turabayeva L., Sagatbekova I., Praliyev K., Zazybin A., Yu V.
Target Design of Novel Pharmacologically Active 1-(Diphenylmethyl)piperazines // 3rd Russian
Conference on Medicinal Chemistry. Kazan. September 28 to October 03, 2017. P. 214.

[10] Bloemink M.J., Diederen J.J.H., Dorenbos J.P., Heetebrij R.J., Keppler B.K., Reedijik J.,
Calcium Ions Do Accelerate the DNA Binding of New Antitumor-Active Platinum Aminophos-
phonate // Complexes Eur. J.Inorg. Chem. 1999. N 10. P. 1655-1657.

[11] Odinets I.L., Matveeva E.V. Application of the methods of "green chemistry" in organo-
phosphorus synthesis // Uspekhi Khimii. 2012. Vol. 81, N 3. P. 221-238 (in Rus.).

[12] Knyazeva LR., Burilov A.R., Pudovik M.A., Khabikher V.D. Phosphorus-containing
macrocyclic compounds: synthesis and properties // Uspekhi Khimii. 2013. Vol. 82, N 2. P. 150-186
(in Rus.).

[13] Beletskaya I.P., Kustov L.M. Catalysis is the most important tool of "green chemistry" //
Uspekhi Khimii. 2010. Vol. 79, N 6. P. 493-515 (in Rus.).

[14] Zazybin A.G., Rafikova Kh., Yu V., Zolotareva D., Dembitsky V. M., Sasaki T. Metal-
containing ionic liquids: current paradigm and applications // Russ. Chem. Rev. 2017. 86(12).
P. 1254-1270.

[15]Praliyev K.D., Yu V.K., Bazunova G.G., Tarakov S.A. Kaz-4 new plant growth stimulant,
Tez. doc. 3rd Intern. Conf. "Regulators of growth and development of plants". M., 1995. P. 13 (in
Rus.).

[16]Prev. 5011 RK. 1-(2-Ethoxyethyl) -4- (dimethoxyphosphoryl)-4-hydroxypiperidine, which
possesses plant growth stimulating activity / Yu V.K., Praliyev K.D.; claimed. 28.12.95; publ.
August 15, 1997. Bul. Ne3 (in Rus.).

Pe3iome
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A. E. Manmaxosa, C. C. Kymaxosa, K. JI. Ilpanues, B. K. IO

KOMIUIEKCBI 1-(2-3TOKCUDTUI)-4-(IUMETETOKCUDPOCDOPUI)-4-
TUJIPOKCUTTUIEPUINHA }
C MIOHAMHU BUOTEHHBIX METAJIJIOB: CUHTE3 M CBOMICTBA

IToka3aHa BO3MOXKHOCTh KOMILICKCOOOpa3oBaHust 1-(2-3TOKCHITHI)-4-(IUMETOKCH-
dochoprn)-4-rHapOKCHITHIepHNHA ¢ HoHaMK OuoreHHbix MetamioB (Co'?, Ni2 Cu',
Mn™) B cooTHomeHnH murana:MoH = 2:1. OKa3agoCk, YTO MOHBI KOOANbTA M HHKEJS
00pa3yroT cTaOMIIbHBIE KOMIUIEKCHI, TOrja KaK MOJyYeHHBIH MPOIYKT C HOHAMH MEIH 1
MapraHia HpeAcTaBIseT B OCHOBHOM MEXaHMYECKYIO CMECH JIMTAHIA U COOTBETCTBYIO-
el conu. MogenupoBaHueM MOTyIMOMpUYecKuM MeToaoM PM3 nokasaHo, 4To sHepre-
THYECKH HanboJjee BBITOAHO 00pa3oBaHME KOMILIEKCA, B KOTOPOM HOH JBYXBAJCHTHOTO
MeTaia 00pa3yeT KOOPAMHAIMOHHBIE CBSI3M C aTOMaMHM a30Ta M KHCIOpPOJa C JBOHHOM
CBsI3bI0 Ha ocdope, P ITOM MUNEPUANHOBBIN UK HAXOAUTCS B KOH(GOPMAINH 6aHHA.
CoL,Cl, m [MnL,SO4] mox madoparopabiMu mudpamu Kaz-10 u Kaz-11 B koHIEHTpamum
1,010 % 3aMeTHO CTHMY/THPYIOT IPOPACTAHHE CEMSH STIMEHS U MIICHHIIBL.

KawoueBsbie cioBa: ruapokcudocoHar, HOHbBI OHOT€HHBIX METAJUIOB, KOMILIEKC,
CHHTE3, CTPYKTYpa, CTUMYJISIINS IPOPACTAHUS CEMSH SIUMEHS U TIICHHIIBL.
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H. V. Keicmaybaesa, T. E. XKapkwinoex, P. M. Paxmamynuna, M. @. @acxymounos,
A. E. Manmaxosa, C. C. JKymaxosa, K. K. Iliparues, B. K. 1O

1-(2-9TOKCUDTUI)-4-(AUMETETOKCUDOCDOPINIT)-4-
T'MAPOKCUITUITEPUAMHHIH BUOT'EHAI METAJIZAP NOHJJAPBIMEH
KEINEHJEPI: CUHTE3I MEH KACHUETTEPI

Jluranm:non = 2:1 KareiHACHHAA 1-(2-3TOKCHAITIIN)-4-(TUMETOKCH(OCHOPHT)-4-TH -
POKCHITHIICPHIMHHIE OHOTeHi MeranaapiasiH HonmapeiMen (Co™, Ni, Cu™, Mn™)
KEIlIeH Ty3y MYMKIHJIr KepceTiireH. MbIC IeH MapraHell HOHAapbIHaH aJbIHFaH OHIMIIEep
JIUTaH]| TIeH COMKeC TY3/bIH MEXaHHKaJbIK KOCMAChl OOJBIN TadblIca, an KoOajabTa IeH
HUKEJIsl HOHAAPhI TYPAKThI KEUIeH TY3€TiH/Ir aHbIKTanabl. PM3 xapThuiail SMITUPUKAIIBIK
9/liciMEeH MOJIEJIbJIey apKbUIbl, €Ki BaJICHTTI METaJIbIH HOHBI a30T kaHe Gocdopaarsl Koc
0aiiIaHBICTBI OTTEri aTOMAApbIMEH KOOPJMHALMSUIBIK OaiilaHbIC TY3reH[e, MUIEPHINH
LUKIIIHIH 6a#Ha KOH(OpManusia OpHAIAcybl KeIleH TY3UTyiHIH SHepTreTHKAaJIbIK JKaFbIHaH
eH THiMal ekeHairi kepcerinreH. Kasz-10 xone Kaz-11 3epTxanansik mudprapMer oepii-
red CoL,Cl, xxane [MnL,SOy4] 1,0'10'3 % KOHIICHTPAIMACHIHIA apia MeH Oumail TYKbIM-
JIapBIHBIH 6CYiH aWTapIIbIKTal BIHTATaHABIPAIBI.

Tyiin ce3nep: ruapoxcudocdoHaT, OHOTEHAI METaIAAPABIH WOHJAPBIMEH, KOMII-
JIEKC, CHHTE3, CTPYKTYPa, CTUMYJISIINS IPOPACTAHHUS CEMSTH STIMEHS 1 TIICHUIIBL.
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INFLUENCE OF DISTANT ACTION EFFECT BETWEEN
POLYMETHACRYLIC ACID AND POLY-4-VINYLPYRIDINE
HYDROGELS ON THE SORPTION ABILITY OF ERBIUM IONS

Abstract. The phenomenon of sorption erbium ions by intergel system of polyme-
thacrylic acid hydrogel (PMAA) and poly-4-vinylpyridine hydrogel(P4VP) was studied. It
was established that the structure of the basic hydrogel has a significant influence on the
self-organization of the PMAA hydrogels. The erbium ions extraction rateof individual
hydrogels PMAA and P4VP was 42% and 16%, respectively. At ratios 5:1 (83% of
gPMAA-17% gP4VP) and 4:2 (67% gMPAA-33% gP4VP), erbium ions were recovered
up to 54% in both cases. The polymer PMAA and P4VP hydrogels have relatively low
values of the polymer chain binding degree (0.54% and 0.20%, respectively).

The obtained results indicate the possibility of creating selective intergel systems for
separation erbium ions.

Key words: intergel system, sorption, Er*" ions, hydrogels, polymethacrylic acid,
poly-4-vinylpyridine.

Introduction. After optimization of the most probable structures of the
complex, the heat of formation was estimated. Calculations show that the forma-
tion of complex 4 (HF = -267.960 kcal/mol) is most profitable energetically. The
main points for the generation of coordination bonds between the ligand mole-
cule - 1-(2-etho-xyethyl)-4-(dimethoxyphosphoryl)-4-hydroxypiperidine, and the
bivalent copper ion are nitrogen and oxygen with a double bond on phosphorus,
which have the

Rare-earth elements are used in various industries: radio electronics, in-
strument making, machine building, nuclear engineering, metallurgy, chemical
industry, etc. Lanthanum, cerium, praseodymium, neodymiumare widely used in
the glass industry in the form of oxides and other compounds [1]. These elements
increase the translucence of the glass. Rare-earth elements are part of special-
purpose glasses that transmit infrared rays and absorb ultraviolet rays, and heat-
resistant glass [2].

Rare earth elements and their compounds are widely distributed in the
chemical industry, for example, in the production of pigments, varnishes and
paints, in the oil industry as catalysts. Rare-earth elements are used in the produc-
tion of certain explosives, special steels and alloys, as degasifiers [3]. Single-
crystal compounds of rare-earth elements (and also glasses) are used to create
laser and other optically active and nonlinear elements in optoelectronics [4].
Based on erbium, neodymium, yttrium, samarium, europium with Fe-B mixture,
alloys with recordable magnetic properties (high magnetizing and coercive forces)
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are produced to create permanent magnets of enormous power in comparison with
simple ferroalloys [5]. Previous studies [6-9] have shown that mutual activation
of polymer hydrogels leads to significant changes in their electrochemical and
conformational properties. It should be noted that in previous studies, the starting
polymers were applied in a dry state. Remote interaction is carried out by the
following processes: rapid - hydration, ionization, dissociation, association and
slow - change in the conformational state of inter-node links.It is obvious that the
initial state of the rare-crosslinked hydrogels should influence the rate of inter-
actions in the intergel system. Swollen polymers are better subjected to mutual
activation due to the fact that the macromolecular ball unfolds during swelling, as
a result, the activity of functional groups increases. In connection with this, the
purpose of this work was to study the sorption ability of the intergel system
gPMAA-gP4VP consisting of preliminary swollen hydrogels with respectto
erbium ions.

As a result of previous studies [1-6], it was established that the remote inter-
action of polymer hydrogels in intergel systems leads to significant changes in the
conformational state as a result of their self-organization.In connection with this,
the aim of this work was to study the effect of the second component (poly-base)
on the self-organization of polymer hydrogels of polymethacrylic acid in the
intergel system, as well as the study of the sorption properties of the gPMAA-
gP4VP intergel systems with respect to erbium ions.

Two main reactions occur in intergel systems:

1. Acid hydrogel dissociation:

m

2. Binding of cleaved proton by nitrogen heteroatom:

L o
AN X

| +H-—:-

/ /
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EXPERIMENTAL PART

Equipment. Optical density measurements for the subsequent calculation of
the erbium nitrate concentration were made using a Jenway-6305 (SC) spectro-
photometer.

Materials. The studies were carried out in an erbium(IIl) nitrate pentahyd-
rate solution. The hydrogels of polymethacrylic acid were synthesized in the pre-
sence of the cross-linking agent N,N-methylene-bis-acrylamide and the oxidation-
reduction system K,S,05-Na,S,0;. The poly-4-vinylpyridine hydrogel (gP4VP)
was synthesized by Sigma-Aldrich (2% cross-linking agent). The synthesized
hydrogels in the aqueous medium constituted the intergel pair «polymethacrylic
acid hydrogel — poly-4-vinylpyridine hydrogel» (gPMAA-gP4VP). The hydrogels
swelling degrees were: o (gPMAA) = 20.65 g/g; o (gP4VP) = 2.65 g/g.,
respectively.

Experiment. The experiments were carried out at room temperature. Inves-
tigations of the intergel system were carried out as follows: the calculated amount
of each hydrogel in dry form was placed in special polypropylene nets, the pores
of which are permeable to low molecular ions and molecules, but impermeable to
the dispersion of hydrogels. Then, an aliquot was taken for subsequent optical
density measurements.

Methodology of erbium ions determination. The method for determining
erbium ions in solution was based on the formation of a colored complex
compound of the organic analytic reagent arsenazo III with erbium ions [7].

Extraction (sorption) degree was calculated by the following equation:

_ Cinitial — Cresidual

x 100%,
Cinitial &
where Ci,a 18 the initial concentration of erbium in solution, g/L; Ciesigue 18
theresidual concentration of erbium in solution, g/L.
Polymer chain binding degree was determined by calculations in accordance
withthe following equation:

y
e=%"edx100%

where vy,5.s — the quantity of polymer links with sorbed erbium, mol; v — thetotal
quantity of polymer links (if there are two hydrogels in solution, it is calculatedas
sum of each polymer hydrogel links), mol.

The effective dynamic sorption capacity was calculated by the following
equation:

Vsorbed
msorbent(s)

where vy, 1S the amount of sorbed metal, mole; mypsomen: — the mass of the sorbent
(if there are two hydrogels in solution, it is calculated as the sum of the two
hydrogels masses), g.

157



XUMWYECKHH )KYPHAJI KA3AXCTAHA

RESULTS AND DISCUSSION

The erbium ions sorption by thegPMAA-gP4VP intergel system occurs by
ionic and coordination mechanisms. The process of rare-carth elements sorption
by the example of lanthanum is described in detail in our previous works [8-10].

Erbium ions extraction by the gPMAA-gP4VPintergel system. The depen-
dence of erbium ions extraction degree by the gPMAA-gP4VP intergel system on
the mole ratio of hydrogels in time is shown in figure 1. The maximum amount of
erbium ions was extracted by the gPMAA-gP4VP intergel system at the ratio of
hydrogels 5:1 (83%gMPAA-17%gP4VP) and 4:2 (67%gPMAA-33%gP4VP).
The degree of erbium ions extraction after 48 hours at these ratios was 54%. The
obtained results indicate that the degree of erbium ions extraction by individual
hydrogels of polymethacrylic acid and poly-4-vinylpyridine is low, the extraction
rates were 42% and 16%, respectively. The remaining ratios of the intergel pair in
the gPMAA-gP4VP intergel system also have much higher erbium ion extraction
rates compared to the erbium ions extraction of the PMAA and P4VP individual
hydrogels.

n, % —=—0h
100 ~e—1h
J —A—2h
90 ~—v—4h
80—- —4—6h
| —<4—24h
70 —»—48h
60 -
50 -
40
30 -
20
10
0 -

hPMAA:hP4VP, mol.%:mol.%

Figure 1 — The dependence on the erbium ions extraction degree by the gPMAA-gP4VP
intergel system versus of the mole ratio of hydrogels at the various duration
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Figure 2 shows the dependence on the polymer chain binding degree (with
respect to erbium ions) of the gPMAA-gP4VP intergel system versus of duration
of time. The maximum values of the polymer chain binding degree in the intergel
system after 48 hours were 0.7% at ratios of gPMAA-gP4VP 5:1 and 4:2. The
polymer chain binding degree values of polymethacrylic acid and poly-4-vinyl-
pyridine individual hydrogels after 48 hours were 0.54% and 0.13%, respectively.
At 2 hours of sorption, a certain increase in the polymer chain binding degree was
achieved. At 24 and 48 hours, a significant increase in the polymer chain binding
degreewas observed; this is particularly noticeable for 4:2 and 3:3 ratios.

0, %
0,8

0,7 1

0,6

0,5

0,4

0,3

0,2

0,1
0,0 — T T T T T T T * T T T " 1
1 2 4 6 24 48 7, h

Figure 2 — The dependence on the polymer chain binding degreeof the gPMAA-gP4VP
intergel system versus of duration of time in the erbium(III) nitrate pentahydrate medium

Figure 3 shows the dependence of the effective dynamic exchange capacity
of the gPMAA-gP4VP intergel system on the molar ratio of hydrogels in time.
The obtained data indicate that the mutual activation of polymer hydrogels in the
intergel pair leads to a significant increase in the values of the exchange capacity
in comparison with the individual hydrogels. The maximum value of the effecti-
ve dynamic exchange capacity was achieved atgPMAA-gP4VPratio of 5:1 at
48 hours of remote interaction of the hydrogels. Further remote interaction of
polymer hydrogels indicates that the gPMAA-gP4VP intergel system approaches
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Q, mmol/g —=—1h
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Figure 3 — The dependence on the effective dynamic exchange capacity of the gPMAA-gP4VP
intergel system versus of mole ratio of hydrogels at the various duration

the equilibrium statewhich evidenced by slower growth of the effective dynamic
exchange capacity as at the beginning of the remote interaction of the hydrogels.
The following ions are present in the solution: -COO", H', Er’* and NO; .
There is an occurrence of these chemical reactions in solution:
1. Dissociation of erbium nitrate along with carboxyl groups dissociation:

-COOH « -COO + H"

Er(NOs); x 5SH,0 <> Er’" + 3NO; + 5H,0
2. Sorption oh erbium ions by polymer hydrogels:

3 -COO + Er’*— -COO;Er

3=N+Er’ — =N'Er

Electrochemical equilibrium in solution depends on these reactions and
therecould be changes of electrical conductivity values in dependence of domi-
nance ofany one of them.
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Conclusions.

1. Individual hydrogels PMAA and P4VP do not possess sufficiently high
sorption properties. The degree of erbium ions extraction is 42% and 16% for
gPMAA and gP4VP, respectively.

2. The degree of erbium ions extraction in the intergel system reaches the
maximum values of 54% at gPMAA-gP4VP ratios of 5:1 and 4:2 after 48 hours.

3. Individual polymer hydrogels PMAA and P4VP have relatively low values
of the polymer chain binding degree (0.54% and 0.2%, respectively) with respect
to erbium ions due to the absence of the mutual activation phenomenon.

4. The maximum values of the polymer chain binding degreein the intergel
systems are 0.7% at gPMAA-gP4VP ratios of 5:1 and 4:2.

5. The obtained results show the possibility of creating erbium sorbents
based on intergel systems when the conditions of activated hydrogels interaction
with Er’” ions change.

The research was carried out according to the scientific and technical
program Ne BR05234667 with in the framework of program-targeted financing
CS MES RK.
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Pe3rome
T. K. Pcymaounos, P. I'. Konoaypos, X. Xumepcen, A. M. Umanzaszei

SPBUI NOHJIAPBIH COPBLIMISIJIAY BAPBICHIHIA UHTEPTEJIB/II
[NOJIMMETAKPWJI KbIIIKBUJIBI )KOHE ITOJIN-4-BUHNJIITMPU IH
I'MAPOT'EJIBAEPIHIH ©3APA ©CEPJIEPI

[Monumerakpun Kpiukeiisl rugporeni (IIMAKr) — nonu-4-BUHWINHPUINH THAPO-
reni (IT4BIIr) naTeprenai xyieciMeH 3pOuii HOHIAPBIH cOpOLMsIay MPOIECi 3ePTTEN/Ii.
[MomumeTakpun KBIMIKBUTEI THAPOTENIHIH ©3iH — €31 YHBIMAACTHIpYBIHA HETi3Ti THUAPO-
TeNAiH KYPBUIBIMBI aHaFYPIIbIM ocep eTeTiHi aHbIKTanabl. [IMAK xone [14BII sxekenereH
THAPOTENACPiHIH SpONii MOHIApBIH IIBIFApy Aspexeci colikecinme 42% xoHe 16%
kypangsl. 83%I1AKr-17%I14BIIr xone 67%IIAKr-33%I14BIIr xartemHactapeiga 54%
apouii mbirapeuiansl. [TAKokone IT4BIT nommmepiik rujaporenjepi MOJIMMEpIiK Ti3-
OekTepiH OaillaHbICy JNOpPEKECIHIH CalBICTHIPMANIbl TOMEH MOHJIEpiHe ue (CoWKeciHIe
0,54% xone 0,20%).

Tyiiin cesuep: unTeprenni xyite, copouus, Er’" HOHAaphI, THAPOrebAep, MOMU-
METaKPHJI KBIIIKBUII, TOJIN-4-BUHUIITAPUANH.

Pesrome
T. K. Pcymaounos, P. I'. Konoaypos, X. Xumepcen, A. M. Umanzaszei

BJIMSTHUE SOPEKTA I[AH?HOI[EI?'ICTBI/I}I MEXOY
[MOJIMMETAKPNJIOBOU KNCJIOTOU 1 ITOJIN-4-BUHWIITTMPUIVHOM
HA COPBLIMOHHVYIO CITOCOBHOCTH K MOHAM 2PBUA

N3yuen mporecc copOIMM HOHOB dpOUST UHTEPTENEBOW CUCTEMON THIPOTeENb MOJH-
MeTakpuiioBoi KucnoTsl(rIIMAK) — runporens nmonu-4-sunminupuansa (rI14BIT). Ycra-
HOBJICHO, UYTO 3HAUMTENbHOE BIMSHHUE HA camoopranuzanuio ruaporeneir [IMAK oxa3zbl-
BaeT CTPYKTypa OCHOBHOTO rujiporeiisi. CTereHb N3BJICUCHUS HOHOB 3pOUs HHINBUAYaIb-
sbeix runporeneit [IMAK u [14BII cocraBnser 42 u 16%, coorBerctBeHHo. [Ipu cooTHO-
menmstx 5:1 (83%rIIMAK-17%rII4BIT) u 4:2 (67%rIIMAK-33%rI14BII) u3Bnekaercs
10 54% »pbus B 0boux ciyqasx. [Torumepnsie rugporenu IIMAK u I14BIT obnanaror ot-
HOCHTEIIEHO HEBBICOKMMH 3HAUCHHSIMH CTETICHU CBS3bIBaHWS moimMepHoi mernwn (0,54 u
0,20%, COOTBETCTBEHHO).

KitioueBble ¢ji0Ba: MHTEpTeeBasi CUCTEMA, COPOIIHS, HOHBI Er*", THIPOTENH, TTOJH-
METaKpPUJIOBask KUCJIO0TA, TOJIN-4-BUHIITAPHUINH.
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FIRE RETARDANT OF CELLULOSE
TEXTILE MATERIALS BASED
ON SOL-GEL COMPOSITION

Abstract. The article describes using the tetroetokisilane, thiourea and fire retardant
to impart fireproof properties to cellulose textile materials. The influence of concentration
of the initial components, temperature and duration of heat treatment on retardant
properties was studied. The morphology of the surface of fibers of textile materials and
elemental microanalysis of the fiber surface structure is studied.

Key words: cellulosic textile materials, fire resistance, sol-gel, tetro-ethoxysilane,
thiourea, fire retardant.

Introduction. At present, a large number of easily combustible fabric mate-
rials, representing a significant fire hazard, are used in living quarters. Inves-
tigations of the causes of fires show that the interior elements of textiles (curtains,
upholstery fabrics, carpeting) not only contribute to the rapid spread of fire, but
also are a source of a number of asphyxiating gases in a fire. Reduction of fire
danger is possible with the help of measures carried out by chemical methods of
fire protection of soft and hard fabric materials. Preventing the development of
fire, chemical means of fire protection facilitate firefighting, and in some cases
exclude the possibility of a fire [1-3].

The actual problem of modern chemistry of polymers is the creation of
materials of low combustibility, as well as the development of specific flame
retardants, flame retardants, which in addition to high efficiency should show
good compatibility with used polymers and meet environmental safety requi-
rements [4-5].

The purpose of this study is to produce cellulose materials with flame retar-
dant properties using sol gel technology.

Experimental part. The main component for the preparation of the sol is
tetroethoxysilane, water and ethyl alcohol solvent, acetic acid hydrolysis catalyst,
article 1030 cotton fabric with a surface density of 147g/m’.

Tetroethoxysilane - is a volatile transparent colorless liquid with a charac-
teristic spicy-sweetish, somewhat similar to an alcohol smell. It is well mixed
with organic solvents, water, aqueous solutions of acids.

Ethyl alcohol - is a monohydric alcohol, under standard conditions a volatile,
flammable, colorless transparent liquid.

Thiourea-CS (NH,), - thioglyclic acid diamide, white crystals of bitter taste,
melting point 180-182 °C (with rapid heating, with slow decomposition); mode-
rately soluble in water, methanol, pyridine, well in 50% aqueous pyridine.
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Before carrying out the experimental work, the cotton bleached fabric of the
coarse band art. 1030 was washed with a 2% non-ionic detergent at 40° C for
20 minutes and then washed with distilled water and dried. After drying, the
desiccator was kept above dehydrated CaCl, for at least 24 hours to determine the
exact sample weighed [6].

Methods of research. A sample of cotton fabric measuring 200 x 200 mm
after determining the exact weight on an analytical balance was subjected to
impregnation in a bath with tetroetoksisilan (at 1: 1: 8) for 1 minute, spin drying
was 90%, followed by drying at 75 — 85 °C for 8 - 10 min, then treated fabric was
subjected to heat treatment at 110 °C, 130 °C, 150 °C for 2 minutes, followed by
rinsing in large amount of distilled water and then drying.

In the second stage after treatment with tetraethoxysilane, the samples were
impregnated in aqueous solution of fire retardant and thiourea for 1 minute. After
extraction 90%, drying at 75 °C for 3 min in an oven, followed by washing in
distilled water and dried at room temperature.

I stage

O0H

II stage

HO ,.-u[j .
=TT - an

Figure 1 — Scheme for the production of fire-resistant composition

Results and discussion. The results of the test of flame retardant efficiency,
tensile load and stability of impregnation after 5 washes are shown in table 1. As
can be seen from the table, the sol-gel composition used provides a high degree of
fire resistance and does not affect the physical and mechonical characteristics of
cellulosic textile materials. This indicates the presence of SiO, coating and
fixation of the fire retardant.

In order to fully elucidate the mechanism of interaction of the fire-resistant
sol-gel composition with cellulose of cotton fiber, the IR spectra of samples of
initial and processed tissues were studied in the work (figure 2). When analyzing
the spectra shown in figure 2 and in table 2, it can be seen that the spectra of the
cellulose treated with this composition compared to the original cellulose have
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Table 1 — Results of the test of flame retardant efficiency
and breaking load of treated cellulose materials

. Length of the Breaking Length of the charred
Concentration of substances, .
L char section, load, area (after 5 washes),
N & mm N mm
. flame Heat treatment temperature, ° C
C,H50),Si | CS (NH
S (N2 etardant [170] 130 [ 150 [ 110 130 | 150 | 110 | 130 | 150
1 Source sample 2201220 | 220 | 202 [ 202 | 202 | 220 | 220 220
2 200 110|123 | 124|203 | 199 [ 198 | 135 | 182 | 166
3 100 60 300 102|109 | 113|201 | 202 [ 199 | 121 | 139 | 165
4 400 951105 | 112205(200 | 196 | 112 | 139 | 124
0,09
0.8 1029
0,07
0,08
3
& 005
H 3344
= 0,04
H
B oo03 00
: 0,02 i \
624 — /\\
0,01
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-0,01

Wavenumbers (cm-1)
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Figure 2 — IR spectra of a control sample and treated cellulose fibers with tetroethoxysilane

Table 2 — Basic vibration frequencies of processed cellulose textile materials

The oscillation frequencies (cm™) Oscillatory modes
Counter. arr. Arr. with TEOS
3336 3344 (NH,)
2904 2902 (C-H)
2360 (P-H)
1624 (N-H)
1456-1392 (C-N)
1031 1029 (Si-O- Si)
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undergone significant changes. In the IR spectrum of the processed sample, all
absorption bands are retained, characteristic of untreated cotton fiber. The absorp-
tion bands of the processed sample indicate the presence of Si-O-Si bond bonds in
the 1029 and 1031 cm™ regions, NH groups in the 1624 cm™ region, and also the
P-H groups in the 2360 cm™ region, CN groups in the regions 1392-1456 cm’.

Based on the foregoing, it can be concluded that the interaction of the
composition with the macromolecules of cellulose leads to a significant change in
the absorption bands of the processed samples. Thus, taking into account the
studies carried out, it can be concluded that when treating cellulose with this com-
position, chemical bonds are formed between the macromolecules of cellulose
and sizing agents.

Investigation of the morphology of the surface of the fibers of textile mate-
rials and elemental microanalysis of the fiber surface structure used an auto-
emission scanning electron microscope JSM-6490LA (Japan) with the X-ray
spectral analyzer system JED-2300 Analysis Station. Based on the result of
scanning electron microscopy, a polymeric layer is formed on the surface of the
treated tissues in the form of an oxide-silicon matrix (figure 3). Figure 3 clearly
shows that fire retardant particles are present on the treated fiber on the surface of
the fiber, fire retardant plates of various shapes are noticeable.

¥ untreated

COT TEOS COT_TEOS COT_TEOS COT TEOS

10m Sim

Figure 3 — Electron microscopic images of cotton fabric and treated
with flame retardant composition with different resolution and energy dispersive microanalysis

According to the energy-dispersive microanalysis, the figure shows the presence
of carbon and oxygen, which is natural for cellulosic materials. After processing,
particles of Si, P, S are formed on the surface of the treated fabric and are distri-
buted rather unevenly.

Conclusion. Analysis of the results of the study allows us to draw the follo-
wing conclusions:

It is shown that this method of impregnating cellulosic textile materials in a
precursor, followed by drying and heat treatment and flame retardant, makes it
possible to obtain a silica coating with a fixed flame retardant of high degree.
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The IR spectra data confirm the appearance of a chemical bond between the
cellulose macromolecules and the flame-resistant sol-gel composition.

Using the method of electron-scanning microscopy, it has been established
that the treatment of tissues with the developed compositions leads to a change in
the morphology of the surface of the fibers.
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Pesome
E. Taxeii, B. P. Taycaposa, A. Bypxumbati

OTHECTOMKOCTb LIEJUTIOJIO3HBIX TEKCTHUJIBHBIX MATEPHUAJIOB
HA OCHOBE 30JIb-T'EJIb KOMITO3ULINHN

B cratse mpuBeneH HOBBIN CIOcOO pa3pabOTKH OTHECTOMKHX IIEJUTIOIO3HBIX TEKC-
THJIBHBIX MaTEpHaiOB 30Jb-T€Ib METOAOM C IMPHUMEHEHHEM TEeTpo3TOKcucuiaana. OCHOB-
HBIM PE3yJIbTATOM MPOBEJCHHOTO UCCIICOBAHMUS SIBISIETCSI pa3paboTaHHask IKOJIOTHYECKU
0e3omacHasi TEXHOJIOTHS TTOJYYEHHsI OTHECTOMKOM 30JIb-I'elb KOMIIO3UIMH, KOTOpasi Mpo-
TCKACT B ABC CTaAUMU. Ha nepBoﬁ CTaguu TEKCTHJILHBIN MaTtepuall MpOIMUTBIBACTCA B IIPEC-
Kypcope B TE€YeHHEe MHUHYTHI, a Ha BTOPOH — B BaHHE C aHTHNUpeHoM. MccremoBaHo
BIMSHUE MapaMeTpoB 00paboTkM Ha I(PQPEKTUBHOCTH OTrHE3AIIUTHOCTH, Ha (HU3HKO-
MEXaHMYEeCKUE CBOMCTBAa TKaHW M Ha CTOHKOCTb OTHECTOWKOM 30J1b-T€NIb KOMITO3HMIIUH
mocie 5-TH CTHUpPOK. BpusBieHO, yTo Hammyumredl 3((eKTHBHOCTBIO OTHE3AIIUTHOCTH
obsamatoT 00pasipl, 00paboTaHHBIE NPH KOHIEHTPALMH TETPOITOKCHCHIAHA PAaBHOU
100 /1 u mpomenane TepMudeckyro odpadorky mpu 150 °C. [Jamnsie MK-crekTpor
TTOJTBEPIKIAIOT MOSBICHNE XUMHUYECKOH CBSI3M MEXKITY MaKpOMOJICKYJIaMH IEJUTIONO3bI U
OTHECTOMKON 30/1b-IejIb KOMIIO3UIUMHU. TakKe MPUMEHEH METOJ 3JIEKTPOHHOM MUKPOCKO-
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MU, PE3yJIbTaThl KOTOPOH J0KA3bIBAIOT HaW4Ke (HYHKIHMOHAIBHOTO MOKPBITHS U (hukca-
IIUM aHTUIHpPEHa B ero o0beMe. Pe3ynbTaThl MCCleAOBaHUS MOTYT OBITh IPUMEHECHHI B
OTJEJIOYHOM IPOU3BOCTBE TEKCTUIBHBIX IIETUTIOJI030COICPIKALIIX MaTEPHUATIOB.

KuroueBble c10Ba: 1E/UTIOI03HBIE TEKCTUIBHBIE MaTe€pPUaibl, OTHECTOMKOCTb, 30J1b-
relib, TETPOITOKUCUIIaH, THOMOYEBUHA, aHTUITUPEH.

Pesrome
E. Taxeu, b. P. Taycaposa, A. Bypxumbati

30JIb-T'EJIb KOMITO3MLA HETT3IHET T
HEJUTFOJIO3AJIbI TEKCTNIJIb MATEPUAJIJAPBIHBIH OTKA TO3IMJIIT

Makanaga TETPOITOKCHCHIAH KOJIJaHAa OTBIPHIN 30J1b-T€b JMICIMCH OTKAa TO3IMIi
LEJUTION03aJTbl TEKCTUIIb MaTEPUANIbIH aly TEXHOJIOTHSCHI CUMATTAIFaH. 3epPTTey KYMbI-
CBIHBIH HET13T1 HOTHXKECI OOJIBIN HKOJIOTHSIIBIK KAYilci3 OTKa TO3IMJIi 30J1b-T'elib Iy dici
Ooutbin TaObUTANBL. Byt ozic exi JeHreiae jkysere acanbl, OipiHINICI: TEKCTUIIb MaTepua-
JIBIHBIH YJTiCIH 30JIb PEKYPCOPBIHIA CIHIPII, CKIHIII JCHIeH/IC aHTUITUPCHMEH OHICHMI3,
OmnJiey napaMeTpIiepiHiH OTKa TO3IMIUTIK MeH y3UTy JKYKTeMeciHe, COHBIMEH KaTap eHIeY
KOMITO3MIIMSCHIHBIH ~ TYPAKTBUIBIFBIHA ocepi 3epheneHii. EH kakcel HoTIDKenepai
terpoaTokcucuinanuby 100 r/m memmepingeri 150 °C TepMoeH ey ©TKEH TEKCTHIIb MaTe-
puannapsl kepcerti. ConsiMeH Kartap 3epaenenren MK-criektp HoTmxeci 6oifbIHIIa TeKc-
THJIb MaTepUAIBIHAAFHI [EIUII0I03a MEH OTKA TO3IMJi 30JIb-Telh KOMITO3HIHNS apachIH-
JaFbl XAMUSUITBIK OaiiTaHBICTHIH 0ap ekeHiH KepceTTi. KommaHpuFaH 3MeKTPOHAB MUKPO-
CKOTI 9fIiCiHIH HOTHXeci OOMBIHIIIA OHIENTEeH TeKCTIIIh MAaTePHANIBIHBIH OeTiHAe (yHKIIHO-
HaJ/Ibl KaObIH MEH aHTHUIHMPEHHIH Oepik OEKITIreHiH KOpCeTTi. 3epTTey HOTHIKEIEpiH
LeJUTIONI03aJTBl TEKCTHIIb MaTepUalIIapbIH OHACY OHIIPICIHIE KOJIaHyFa 00Ja bl

Tyiiin ce3mep: 1eIUIH0I03aIbI TEKCTHIIb MaTepHANIAAPhI, OTKA TO3IMILTIK, 30J1b-Telb,
TETPOITOKCHUCHIIAH, THOMOYEBHHA, aHTHITUPEH.
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BASIC MAIN POLYPHENOLIC COMPOUNDS
OF SOME PLANT SPECIES

Abstract. Data of some plant species containing polyphenolic compounds have been
summarized. The dominant phenolic compounds of the investigated taxa were identi-
fied.The promising plant species for isolation of polyphenolic compounds as potential
sources of original domestic pharmaceutical substances were determined.

Key words: polyphenolic compounds, flavonoids, glycosides, chalcones, Astera-
ceae, Rosaceae, Salicaceae, Polygondceae, Lamidceae.

Among the renewable sources of bioactive substances a special place belongs
to plants traditionally used in folk and official medicine. There are some plant
groups which are common or predominant in large areas and are interested for
chemical and pharmacological studies.Plants of this kind are represented by the
species of the following familiesin the territory of Kazakhstan:Asteraceae
(Compositae), Salicaceae, Rosaceae, Polygondceae, Lamidceae covering an
extensive territory in the natural flora.

At present, researchers attention attracted to the phenolic compounds inclu-
ding flavonoids. Their interest in these substances is justified by their practical
application in medicine.Flavonoids are referred tothe widespread plant meta-
bolites. The elucidated structures of molecules have been described for over 8000
of flavonoids related to several dozens of structural types. A comprehensive study
of flavonoids is done by scientists of major research centers of many countries in
the world. The interest in these compounds is constantly growing due to the exclu-
sively valuable properties of flavonoids such as antioxidant activity and related
ability of many metabolites of this class toact as agents preventing or inhibiting
tumors formation, strengthening blood vessels, protecting liver and a digestive
tract, stimulating the brain and heart functions, making them biologically active
additives (BAA) in medical and dietarynutrition [1-4].

The following plants served as objects of our research of polyphenolic
compounds such as Tanacétum vulgarel.., Helichrysum arenarium L., Crataégus,
Populus balsamifera L., Origanum vulgaris L., Polygonum aviculare L., Bidens
tripartita L., Ajania fruticulosa (Ledeb.) Poljak), Hypericum perforatum L.,
Serratula coronata L., and Carduus.

Tanacetum vulgare L. belongs to the widespreadherbs containing a wide
range of biologically active substances: flavonoids, sesquiterpene lactones, essen-
tial oils. Flowers of Tanacetum vulgare L. are often used in various medicinal
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forms as the vermicidal and choleretic agents.Flavonoids from flowers of Tana-
cetum vulgare L. are mainly represented by apigenin (5, 7,4'-trihydroxyflavone),
acacetin  (5,7-dihydroxy-4'-metoxyflavone), luteolin (5,7,3',4'-tetrahydroxy-
flavone), cynaroside (7-O-b-D-glucopiranoside of 5,7,3'.4'-tetrahydroxyflavone),
eupatilin  (5.7-dihydroxy-6,3',4'-trimetoxyflavone), jaceidin (5,7,4'-trihydroxy-
3,6,3'-trimetoxyflavone), jaceosidine (5,7,4'-trihydroxy-3',6-dimetoxyflavone),
besides the major compound is acacetine-7-O-f-D-glucopiranoside (tilianin 1)
about the yield 0,2% from the air dry raw materials weight [5, 6]. Based on the
sum of flavonoids from Tanacetum vulgare L. isolated by extraction with ethyl
alcohol, the drug Tanaceholwas developed with acholeretic action. The yield of
flavonoids amount is 3,1% of the air-dry raw materials. The content of active in-
gredients (sum of flavonoids and phenolcarboxylicacids) in the product was
determined by spectrophotometer and is at least 55% in terms of luteolin [7].

The flowers of Helichrysum arenarium (L.) Moench.contain the sum of
flavonoids (at least 20 compounds), belonging to different groups: flavones
(apigenin, luteolin), flavonols (kaempferol, quercetin, and their glycosides, 3,5-
dihydroxy-6,7,8-trimetoxyflavonol glycosides), chalcones (isosalipurposide 2),
flavanonsnaringenin, salipurposide (3), and their glucosides. Besides, the major
polyphenolic compounds include chalconeisosalipurposide (2) and flavanonsa-
lipurposide (3), but there is no agreement which of these components is a predo-
minant one [8].

The preparation Flamin was developed based on the amount of pharma-
cologically active flavonoids from flowers of Helichrysum arenarium L. The
main phenolic ingredient in the product Flamin is a chalconeisosalipurposide (2).
When examining the chemical composition of Helichrysum arenarium L.,
naringin and its water-soluble derivatives prunin, quercetin, apigenin, naringenin,
as well as apigenin-5-O-glucoside and isosalipurposide (2) were determined. It
was established by the molecular absorption spectroscopy that the analyzed
extract contains 73.48 mg of flavonoids in terms of rutin, or 17.94 mg in terms of
quercetinper 1g of dry extract which is 20.99 and 5.13%, respectively [9].

Flavonoid apigenin was detected in the raw flowers of Helichrysum are-
narium L. using the HPLC method, which content varies within a range from
0.1453+ 0.0068% to 0.1657 + 0.0085% based on the dried raw material [10].

OH

HOHO
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In plants of the genus Crataégus, biologically active substances are
flavonoids, anthocyanins, triterpenoids, which are used to prepare decoctions,
extracts, tinctures, and tablets. Among flavonoids which are found in the leaves,
flowers, and fruits of Crataégus there are santin, 5-hydroxyaurantine, apigenin,
kaempferol, quercetin, apigenin-7-glucoside, kaempferol-3-galactoside, hypero-
side (quercetin-3-galactoside), vitexin (apigenin C-glycoside), vitexin-4'-rham-
noside, vitexin-4'-rutinoside and also (-) and (+) epicatechins [11]. C-glycosides
dominate in the leaves of Crataégus, while biosides, di-and leucoanthocyanidins
ofoligoglycosides, and other flavane derivatives are synthesized in flowers
[12].From leaves, flowers and fruits of Crataegus stevenij Pojark. 7 flavonoids
were isolated and characterized;moreover, the lipophilic flavonoid scutellarian
4"7-dimethyl ester had beenisolated for the first time [13]. The main component of
a flavonoid fraction in all organs of Crataegus stevenij Pojark. is hyperoside (4).
The total flavonoid content in fruits of Crataegus stevenij Pojark. is within the
range from 0,057 to 0,085% [14], the minimum content of flavonoids is observed
in leaves and flowers 0,89%and1,39%, respectively. The hyperoside content in
flowers ranges from 0,6 to 0,9%, in fruits - from 0,028 to 0,04%, in shoots - from
0,25 to 0,39% [15].

The phenolic composition of Crataegus leaves was studied;four new mo-
noterpene glycosides and a new phenolic glycoside pinnatifidanoside E were
isolated and identified in the process [16].

The fruits of two species Crataegus monogynalacq. And Crataegus azarolus
L. were examined using the HPLC method. The phenolic composition of the
investigated fruits showed some similarities and differences in the ratio of poly-
phenols between the two species. Twenty phenolic compounds were identified
and distributed in four subclasses: four phenolic acids including three hydroxy-
cinnamic acids and one hydroxybenzoic acid, eight flavonoids representing the
most abundant subclass including six glucosylatedflavonols and two flavones;
two anthocyaninswerepresent in the form of cyanidin glycosides with cyanidin-3-
O-glucoside as the most common, and four flavanols. Epicatechinwas identified
in all the fruit parts of both species [17].

Populus L. genus belongs to the family Salicaceae which is curious in its
diversity, reserves, and distribution. Populus L. gemma are rich in the extractives
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with a broad spectrum of biological activity. It was previously determined that
ethanol is the most effective solvent to extract substances from Populus L. gem-
ma both from the technological and economic perspectives. The share of alcohol-
soluble substances averages from 35 to 45% of the raw material weight depending
on atree development stage [18].

Phenol glucosides, phenolcarboxylic acids (caffeic, ferulic, hydroxycin-
namic), flavonoids, tannins were found in Populus L.bark and gemma [5]. It is
well known that Populus L. gemma feature the presence of flavanones, flavones,
and flavonols [19-20]. Thus, in the gemma of P. nigra L., P. trichocarga Toor. ex
Gray, P. grandidentata Michx. growing in Germany the following phenolic com-
pounds were identified: p-hydroxyacetophenone, dimethyl caffeic acid, cinna-
moylcinnamate, vanillin, and a number of flavonoids: chrysin, chrysin-7-methyl
ester, apigenin, galangin, 7-methylgalangin, 7-methylkaempferol, quercetin,
7-methylquercetin,3,7-dimethyl quercetin, pinocembrin, 7-methylpinocembrin,
2,5-dihydroxy-7-methoxyflavanone and 2',6'-dihydroxy-4'-methoxychalcone [21].

In Populus balsamifera L. gemma, the content of the following compounds
was determined: pinostrobin (5), pinocembrin (6), chrysin, tectochrysin, apigenin,
kaempferol, quercetin, myricetin, galangin, izalpinin, isorhamnetin, rhamnetin,
2,6-dihydroxy-4'-methoxychalcone, and 4',6'-dihydroxychalcone. In the extract
from Populus balsamifera L. gemma, theprotocatechuic, gallic, trans-cinnamic,
p-coumaric, ferulic, and caffeic acids were also found. The dominant flavonoids
of the Populus balsamifera L. gemma are pinostrobin (5) and pinocembrin (6)
[22-23].

“)
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Plants of the genus Origanumare characterized by the presence of flavonoids
(rutin, quercetin, luteolin, citrine, hesperidin, and their glycosides). The chemical
composition of biologically active compounds (BAC) of Origanum vulgaris L.
herb was studied which includes the essential oil components, triterpenoids,
saponins, phenolcarboxylic acids, tannins, and flavonoids. Among the compo-
nents of a polyphenol complex in Origanum vulgaris L. were noticed luteolin and
its glycosides, cosmosyne (apigenin-7-glucoside), chrysin, and its glycosides, i.e.
the flavonoid fraction of the plant is mainly represented by flavone derivatives.
The total content of flavonoids in Origanum vulgaris L. samples varies in the
range from 2,62 to 2,79% [24-27].

A promising source of polyphenolic compounds is Polygonum aviculare L.
The aerial parts of Polygonum aviculare L. contain flavonoids (up to 9,4%), tan-
nins, essential oils, carotene, vitamin C, vitamin K, saponins, coumarins (umbel-
liferone and scopoletin), anthraquinone glycosides. In the flowering plant about
30 glycosides of flavonoid nature were observed, which aglycons are rhamnetin,
kaempferol, quercetin, and myricetin. The main flavonoid of Polygonum
aviculare L. is considered avicularin (7) [28].

The chemical composition of Polygonum aviculare L. herb harvested during
the flowering period was investigated. During the chemical composition analysis
of flavonoids, 3 substances of a flavonoid character were identified and qualita-
tively determined: liquiritin (liquiritigenin4'-O-$-D-glucopyranoside), avicularin
(quercetin 3-o-L-arabinofuranoside) (7), cinnaroside (luteolin-7-O-$-D-glucopy-
ranoside). The latter ones, liquiritinand cynaroside, were isolated from Poly-
gonum aviculare L. for the first time [29].

For Bidens tripartita L. antioxidant, antimicrobial, antifungal, hepatopro-
tective, immunostimulating, and hypotensive activities were established. These
types of activity are associated with the presence of a series of phenolic com-
pounds (flavones, chalcones, aurones), essential oils, and polyacetylenes in the
herb [30, 31].

In research [32], the composition of the alcoholic extracts of Bidens tripartita
L. is discussed where the main component of which is luteolin-O-7-glucopy-
ranoside (cynaroside 8). Luteolin and its glycosides were also defined in the

HO
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extract. The total amount of the above-mentioned compounds in extracts is about
55% of all identified components. About 20% of all compounds contenting the
extract belong to hydroxycinnamic acids — the derivatives of caffeic and qui-
nicacids, and the same amount to chalcones with hydroxyl groups in the 3'- and
4'-positions.

From the above-ground parts of Bidens tripartita L. fourteen phenolic
compounds were isolated (butein, 3,2',4'-trihydroxy-4-methoxychalcone, 4'-O-D-
glucopyranosyl-2'-3-dihydroxy-4-methoxychalcone, = okanin,  okanin4'-O-D-
glucopyranoside,  okanin4'-O-(6"-O-acetyl-D-glucopyranoside),  bidenoside,
luteolin, diosmetin, luteoside, achilarin, quercetagetin 3,6,3'-trimethyl ether,
sulfuretin, 6,7,3',4'-tetrahydroxyauron), and two polyacetylenes [33].

As known, Hypericum perforatum L. herb has a complex chemical compo-
sition represented by flavonoids (rutin, hyperoside, bisapigenin, quercetin, lu-
teolin, kaempferol, myricetin), anthracene derivatives (hypericin, pseudohy-
pericin), and essential oils [34]. The following phenolic compounds were isolated
from Hypericum perforatum L.: rutin, hyperoside, quercetin, 6,8'-diquertcetin,
3,8'-bisapigenin, phenylpropanoid, and a chlorogenic acid. Moreover, 3,8'-bisa-
pigenin and 6,8'-diquertcetin have been isolated for the first time [35]. A com-
parative phytochemical study of samples of Hypericum perforatum L. and Hy-
pericum maculatum Grantz was performed using the HPLC method. It has been
established that the predominant flavonoid in Hypericum maculatum Grantz herb
is hyperoside, and in Hypericumperforatum L. is rutin (9). Quercetin is observed
in both species; however, the content of this component is low. The flavonoid
bisapigeninis found only in Hypericum perforatum L. [36].

During the study of a phenolic composition of Ajania fruticulosa (Ledeb.)
Poljak., oxyflavones 5,3'.4'-trioxy-3,6,7-trimethoxy flavone, artemisetin (10),
axillarin, phenolcarboxylic, chlorogenic and caffeic acids were identified [37, 38].

Serratula coronata L. is a promising source of ecdysteroids,its aerial parts
also contain the phenolic compounds (apigenin, rutin, quercetin, luteolin), tan-
nins, coumarins, essential oils, sesquiterpene lactones, and carotenoids. The majo-
rity of flavonoids in the above-ground part of Serratula coronata L. is concen-
trated in the leaves and ranges from 14,87 to 18,50%, much less in the inflore-
scences (4,18-5,88%), and a minimum amount in the stems (2,61-3,44%) in terms
of rutin. The predominant flavonoid (aglycon) of the aerial part of the plant is
3-methylquercetin (11), which content in the inflorescences ranges from 10,4 to
11,9%, in leaves from 2,5 to 5,1%, and in stems — from 1,2 to 2,9% (in terms of
the flavonoids total).

The quantitative content of phenolic compounds in Serratula coronata L.
was studied. During the compositional analysis of flavonoids, 3 substances of a
flavonoid nature were determined and identified, they were: apigenin (5,7,4'-tri-
hydroxyflavone), 3-methylquercetin (5,7,3',4'-trihydroxy-3-methoxyflavone 11),
isokaempferide(5,7,4'-trihydroxy-3-methoxyflavone) [39].
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(11)

In Carduus herb, saponins, coumarins, sesquiterpene lactones, and flavo-
noids (silymirin, sidichristin, and silidionin) were found [4].

The ethanol extracts of four Carduus species (Carduus argyroa Biv.,
Carduus nutans subsp. macrocephalus (Desf.) Nyman, Carduus pycnocephalus
L., Carduus cephalanthus Viv.) were studied by HPLC; it was revealed that the
phenolic compounds kaempferol-3-O-glucoside, kaempferol-3-O-rhamnoside,
luteolin, apigenin, kaempferol, diosmetin, and tricin are present in all samples.
The diosmetin derivatives were found only in C.cephalanthus and C. pycno-
cephalus, whereas luteolinO-arabinosylglucoside, apigeninO-rhamnosylglucoside
and apigenin-7-O-glucoside were present only in C. argyroa and C. nutans
subspecies [40].

The methanol extract of Carduus was studied using HPLC, and eight flavo-
noids and flavonoid glycosides were detected. It was revealed that among all
identified flavonoids luteolin and apigeninhave the highest content [41].

From Carduus pycnocephalusl.the following flavonoid compounds were
isolated and identified: apigenin, kaempferol, diosmetin, and their glycosides
[42].

Thus, as a result of integrating data on the composition of polyphenolic
compounds of some plant species of the families Asteraceae (Compositae), Sali-
caceae, Rosaceae, Polygondceae, and Lamidceae the promising flavonoid plants
have been identified. The provided information helps evaluate the qualitative
composition of polyphenolic compounds in plants and determine their major
components.The promising sources for production of biologically active flavo-
noids (apigenin, tilianine, isosalipurposide, hyperoside, pinostrobin, pino-
cembrin, and avicularin) are Helichrysum arenarium L., Polygonum aviculare L.,
Bidens tripartita L., Populus balsamifera L. gemma, Tanacétum vulgdre L.,
Crataégussanguinea Pall.
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OCHOBHBIE IIOJIN®EHOJIBHBIE COEJUHEHN A
HEKOTOPBIX BJIOB PACTEHNU

O0001IeHB! TaHHBIC 10 TMONMU(EHOIBHEIM COCTUHCHUSIM HEKOTOPBIX BHIOB pacTe-
uuii. TIpu 3TOM ompe/eNieHbl JOMHUHUPYOIIHE (PEHOIbHBIC COSINHECHUS N3y4aeMbIX TaK-
COHOB. BbIsIBIICHBI MEPCIEKTHBHBIC BHbI PACTEHHH Ui BBIACICHHUS MOIU(EHOIBHBIX
COC/IMHECHUH — NOTCHI[MATBHBIX HCTOYHHKOB OPUTHHAJIBHBIX JICKAPCTBEHHBIX BEIIIECTB.

KiroueBble ciioBa: mosudeHONbHBIC COCTUHCHUS, (HIaBOHOUIBI, TJMKO3H/IbI, Xall-
KOHBI, Asteraceae, Salicaceae, Rosaceae, Polygondceae, Lamidceae.
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OCIMJIIKTEP/IIH KEVBIP TYPJIEPIHIH
HETT3T'T ITOJIM®EHOJIJIbI KOCBIJIBICTAPBI

OciMaIKTepaiH KeHOip TypJepiHiH MOJU(PESHOIIB KOCHUIBICTAPBI TYPaibl MAIiMET-
Tep kuHAKTaNAsl. COHBIMEH KOca 3epTTelreH TaKCOHAApAarbl 0achiM (EHOIBl KOCHI-
JIBICTAp AHBIKTAIABI. biperei Mopimik 3aTTapablH BIKTHMal Ke3[aepi OOJbIN TaObLIATHIH
noiudeHoNapl  KOCBUIBICTapAbl OOJIiN ally YIIH KOJJAHBLIATBIH KEJIEHIeKTI OCIMIIK-
TYpJIepi aHBIKTAJJIBL.

Tyiiin ce3nep: monueHOMIBI KOCBUIBICTADP, (HIaBOHOUATAP, TITUKO3UITED, XAIKOH-
nap, Asteraceae, Salicaceae, Rosaceae, Polygondceae, Lamidceae.
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FEATURES OF SORPTION CALCIUM IONS
BY INTERGEL HYDROGELS OF
POLYMETHACRYLIC ACID - POLY-4-VINYLPYRIDINE AND
POLYACRYLIC ACID -POLY-2-METHYL-5-VINYLPYRIDINE

Abstract. Process of sorptioncalcium ions by intergelhydrogelsystems of polymetha-
crylic acid — poly-4-vinylpyridine and polyacrylic acid —poly-2-methyl-5-vinylpyridine
were studied by methods of conductometry, pH-metry, ion-metry. Calcium sorption pro-
cess with individual rare-crosslinked hydrogels of PAA, PMAA, P4VP, P2M5VP and
intergel systems hPMAA-hP4VP, hPAA-hP2M5VP were accompanied by significant
changes of initial electrochemical properties of calcium chloride solution (specific electric
conductivity and pH decreases with time of sorption of the metal ions). Individual hyd-
rogels of PAA, PMAA, P4VP, P2M5VP relatively fast reach electrochemical equilibrium
in salt solution, consequent slight increase after 24 hours is evidence of this phenomenon,
sorption degree after 2 days of sorption of the metal ions reaches 70%. Formation optimal
conformation of the polymers occurs in the intergel systems at ratios hPMAA:hP4VP=4:2
and hPAA:hP2MS5VP=2:4, however, ionization process of macromolecules are compli-
cated due to the fact, that structures of hPMAA and hP2M5VP have bulk methyl
substituent, which interfere undfolding of polymer globe in process of its ionization.
Sorption degree of calcium ions by the intergel systems hPMAA:hP4VP=4:2 and
hPAA:hP2M5VP=2:4 is 93% and 92% respectively.

Key words: intergelsystem, mutualactivation, sorption, Ca*‘ions, hydrogels, poly-
acrylic acid, polymethacrylic acid, poly-4-vinylpyridine, poly-2-methyl-5-vinylpyridine.

Introduction. Water treatment is the process of water coming from a natural
water source to bring its quality in line with the requirements of technological
consumers.It can be produced on water treatment facilities or installations for the
needs of the municipal economy, practically in all industries (for example, heat-
generating enterprises). To evaluate the quality of drinking water, various me-
thods are used, suggesting the study of hydrochemical, microbiological and other
indicators [1].Water treatment consists in the release of water from coarsely
dispersed and colloidal impurities and salts contained in it, thereby preventing
deposition of scale, removal of salts by steam, corrosion of metals, as well as con-
tamination of processed materials when water is used in technological processes.

As you know, the high content of calcium and magnesium ions makes water
hard and unsuitable for drinking. Boiling of hard water promotes the appearance
of scale on the walls of the vessel [2]. The peeling of the accumulated scale
causes malfunctions in the operation of household appliances. American scientists
carried out a study, thanks to which it was possible to establish that a layer of
scale with a thickness of one and a half millimeter reduces the heat transfer about
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15%, the thickness of the scale in three millimeters - about 25%, etc. In addition,
such harmful impurities in water, like calcium and magnesium compounds,
require for heating the liquid up to 25% more electricity.

Over 90% of heating devices become faulty of constantly contacting with
hard water [3-4]. Dissolved in water, calcium and magnesium compounds adver-
sely affect the quality of the laundry washed in it, reducing its "life" from 15 to
30%, while increasing by 30% the amount of consumable washing powder. If you
use special cosmetic products during washing, their useful properties become
ineffective at the contact with hard water.

With prolonged washing with hard water, the human skin also suffers. This
leads to clogging of the pores, weakening of protective properties of the fatty film
on the surface of the skin, which causes flaking, irritation and the appearance of
various rashes [5]. In addition to skin itself, the hair also suffers, which is accom-
panied by symptoms such as itching, dandruff. The very hair becomes dry and
tough to the touch, stop "obeying", visually acquire a neglected appearance.

Such harmful impurities in water, like calcium and magnesium, are able to
accumulate in the body, leading eventually to the deposition of stones in the
kidneys and obstruction of the vessels [6]. Do not drink hard water if you do not
want serious health problems.

On the other hand, in many industrial solutions, there are problems of sepa-
ration of alkaline-earth metals ions from the ions of target metal. In leaching so-
lutions, after extraction of main ion (for example, uranyl, gold, zinc ions, etc.),
calcium ions and other alkaline and alkaline earth metals remain.

At present, industrial water treatment plants assume the use of ion exchange
resins [7]. The purpose of this work is study the features of sorption calcium ions
withintergel systems based on the rare-crosslinked polymer hydrogels of acid and
basic nature.

EXPERIMENTAL PART

Equipment. Specific electric conductivity was measured on conductometer
MARK-603 (Russia), pH of the solutions was measured on pH-meter MetrohM
827 pH-Lab (Switzerland). Measurement of Ca*" ions were made on ion-meter
1-160MI (Russia).

Materials.Investigations the solution of calcium chloride containing 50
mg/Lwere made. Hydrogels of polyacrylic (PAA) and polymethacrylic (PMAA)
acids were synthetized in presence of crosslinking agent N,N-methylene-bis-
acrylamide and redox system K,S,05—Na,S,0;. Hydrogel of poly-4-vinylpyridine
(P4VP) was synthetized (2% of crosslinking agent) by “Sigma Aldrich” company.
Hydrogel of poly-2-methyl-5-vinylpyridine (P2M5VP) was synthetized in me-
dium of dimethylformamide in presence of crosslinking agent epichlorohydrine.
Intergel pairs hydrogel of polymethacrylic acid — hydrogel of poly-4-vinylpyri-
dine and hydrogel of polyacrylic acid — hydrogel of poly-2-methyl-5-vinylpyri-
dinewere made from the synthetized hydrogels. Swelling degrees of the hydrogels
are: (X(hPAA):Zg.l?) g/g, Ov(hPMAA):23-76 g/g, (X(hp4vp):2.65 g/g, a(hp2M5vp):1.98 g/g
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Experiment. Experiments were made at room temperature. Studies were con-
ducted as follows: calculated amount of each hydrogel in dry state was put in
special glass filters, pores of which is permeable for low-molecular ions and
molecules, but impermeable for hydrogels dispersion. After that the parameters
(specific electric conductivity, pH, Ca>" ions concentration) were measured during
48 hours. Measurements of above mentioned parameters were made in absence of
the hydrogels in the solutions.

RESULTS AND DISCUSSION

Sorption of low-molecular ions (calcium ions) from solution is usually
accompanied by significant changes of electrochemical properties of the salt. It
should be noted that conformation of the macromolecules is also changed during
their self-organization during interaction with the metal solution. Sorption process
of calcium ions by functional groups of the polymer hydrogels of acid and basic
nature can be described by the following chemical reactions:

-COOH + Ca*" — (-C00),Ca + 2H" (1)
N'H + Ca®* -N",Ca + 2H" )

As seen from the reactions 1 and 2, sorption of calcium ions by the carboxyl
group and heteroatom of pyridine ring occurs due to formation of coordination
bonds.

Sorption of calcium by intergel system hPMAA-hP4VP. Figure 1 represents
dependence on specific electric conductivity of calcium chloride from
hPMAA:hP4VP molar ratios in time. Sorption of calcium provides decrease of
the metal amount in the solution (in accordance with reaction 1), result of what is
decrease of electric conductivity with time. It is seen from obtained data that
maximum decrease of electric conductivity is observed at hPMAA:hP4VP=4:2
ratio, exact minimum is observed at 48 hours of remote interaction of the
polymers. Also low wvalues of electric conductivity are observed at
hPMAA:hP4VP=3:3 ratio. In case with individual hydrogels of PMAA and P4VP
electrochemical equilibrium is reached faster, after 24 hours electric conductivity
decreases less intensive, what, in turn can be explained by absence of additional
ionization of the macromolecules.

Sorption process of calcium ions by the intergel system hPMAA-hP4VP also
impacts onconcentration of hydrogen ions in the solution (figure 2). Maximum
release of protons is observed in presence of only acid hydrogel, what is due to
absence of the polybasis which can associate protons in the process of ionization
of the polymer hydrogels in intergel pairs. The lowest release of protons occur in
presence of the basic hydrogel, what is due to low dissociation of water mole-
cules. Decrease of pH with polyacid share in intergel pairs is due to predominance
of carboxyl groups dissociation process over association process of hydrogen ions
by nitrogen atom, also it should be noted that ionization of the polybasis at cal-
cium sorption occurs also due to formation of coordination bonds between nitro-
gen atoms and the metal ion.
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Figure 2 — Dependence on pH of calcium chloride versus of mole ratio hPMAA:hP4VP

Exact areas of maximum and minimum sorption of calcium ions by the
intergel system are observed (figure 3). Calcium ions concentration decreases
with time. High values of sorption degree of calcium ions are observed at ratios
hPMAA:hP4VP=4:2 and 3:3, at that maximum amount of the metal is sorbed at
ratio 4:2 (sorption degree is 93%), while individual hydrogels of PMAA and
P4VP extract not more than 65% of calcium ions.
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Figure3 — Dependence on Ca®* ions concentration versus of mole ratios of hydrogels

Obtained results show that in all intergel pairs sorption occurs intensively in
comparison with individual polymer hydrogels. This is due to formation of
optimal conformation of the macromolecules for calcium ions sorption at
hPMAA:hP4VP=4:2 ratio due to unfolding of polymer globes due to repulsion of
same-charged groups on internode links in result of the polymers remote inter-
action.

Sorption of calcium by intergel system hPAA-hP2M5VP. Sorption of calcium
by intergel system hPAA-hP2M5VP (figure 4) is accompanied with decrease of
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Figure 4 — Dependence on specific electric conductivity
of calcium chloride versus of mole ratios of hPAA:hP2M5VP
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specific electric conductivity with time similarly to intergel system hPMAA-
hP4VP (figure 1). However, in this case minimums of electric conductivity are
observed at another ratios of the hydrogels in intergel pairs. Exact minimum of
electric conductivity is observed at ratio hPAA:hP2M5VP=2:4 at 48 hours of
hydrogels interaction with calcium chloride solution. Also low values of electric
conductivity are observed at ratio hPAA:hP2M5VP=1:5. Similarly to hydrogels
of PMAA and P4VP hydrogels of PAA and P2M5VP rather fast reach electro-
chemical equilibrium, what is evidenced by absence of significant decrease of
specific electric conductivity after 24 hours.

Sorption of calcium also provides changes of pH of the salt solution (figure 5).
As seen from figure, with polyacid share increase in the intergel pairs pH decrea-
ses. However, at ratio hPAA:hP2M5VP=5:1 pH values are higherthat at ratios
hPAA:hP2M5VP=4:2 and 3:3, what indicates to prevalence of proton binding by
nitrogen atom in pyridine ring process over dissociation process of carboxyl
groups. Change of self-organization of the polymer macromolecules in process of
calcium ions sorption provides protons release in solution, and, in the end,
decrease of pH.
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Figure 5 — Dependence of pH of calcium chloride from hPAA:hP2M5VP molar ratios in time

Dependence of calcium ions concentration from hydrogels molar ratios in
presented on figure 6. Similarly to the case with PMAA and P4VP hydrogels
(figure 6), hydrogels of PAA and P2M5VP do not have high values (not higher
that 65%) of calcium ions sorption degree. High ionization of internode links
of polymer chains of the polyacid and polybasis at hydrogels ratio
hPAA:hP2M5VP=2:4 provides maximum sorption of calcium (92% of the metal
is sorbed at 48 hours). More than 80% of calcium is extracted from the solution at
ratios hPAA:hP2M5VP=3:3 and 1:5.
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Analysis of obtained results on specific electric conductivity, pH provides
conclusion that highly ionized state of hPAA, hPMAA, hP4VP and hP2M5VP is
a consequence of the polymers mutual activation at their remote interaction. Also
it should be noted that transition into highly ionized state can be complicated if
there is a bulk substituent (ex. methyl) in structure of polymer, what, in turn,
interfeersunloding of polymer globe during mutual activation. By this pheno-
menon different degree of sorption of calcium ions in the intergel systems
hPMAA:hP4VP=4:2 and hPAA:hP2M5VP=2:4 can be explained. Obtained data
on specific electric conductivity also indicates to high ionization of the polymers
at these ratios.

Conclusion.

1. Sorption of calcium ions by intergel system hPMAA-hP4VP and
hPAA-hP2MS5VP is accompanied with specific electric conductivity and pH de-
crease due to change of initial electrochemical equilibrium in salt solution.

2. Absence of phenomenon of mutual activation and further transition into
highly ionized state, provides fast reach of electrochemical equilibrium of
individual hydrogels of PAA, PMAA, P4VP, P2M5VP, consequence of what is
very slight increase of sorption degree after 24 hours of interaction. Sorption
degree of calcium ions by above mentioned hydrogels does not exceed 70%.

3. Optimal conformation of polymer macromolecules in intergel systems
hPMAA-hP4VP and hPAA-hP2M5VP for maximum sorption of calcium ions
appears during their self-organization at ratios hPMAA:hP4VP=4:2 and
hPAA:hP2M5VP=2:4, sorption degree is 93% and 92% respectively.
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4. Significant difference (over 25%) of sorption degree of individual
hydrogels and intergel systems is due to the fact that remote interaction in intergel
systems provides formation of high density of charged functional groups without
counter ions on internode links of polymer chains.

5. Intergel systems based on rare-crosslinked hydrogels of PAA, PMAA,
P4VP, P2MS5VP can be used for development of innovative technologies in water
purification and hydrometallurgy.
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MMOJIMMETAKPIWJI KbIIIKBIJIbI — ITOJIN-4-BUHWJITTMPUAVH )KOHE
IMOJIMAKPWJIKBIIIKBLIBI — ITOJIN-2-METWJI-5-BUHWJITTUPUANH
I'MAPOI'EJIBAEPIHEH K¥PAJIFAH UHTEPT'EJIBJIEPIMEH
KAJIBLIMM NIOHJIAPBIH COPBLIMSIJIAY JAFbI EPEKIIEJIIKTEP

[Momumerakpun KpikpLibl ([IMAKT) — nonu-4-sunmmmupunun (I14BIIr) sxoHe no-
smakpui KeIkputbl (ITAKT) —nonu-2-metnn-5-sunmnmmupuaua (I12MSBIIr) runporen-
fepi apKBUIB KYpBUFaH MHTEpreai kyienepiMen Ca’  HOHBIH copOuusiay mporec-
CIH KOHIyKTOMETpHs, pH-MeTpusi, HOHOMETpHUS 9JiCTepiMEH 3epTTeNn/i. AHBIKTAIFaHBbl,
KaJbLUI MOHJApBIHBIH COpOLMsIIay MPOIECi jkeke cHpek TopianraH nonmmepiik [TAK,
[IMAK, TI4BII, TI2M5BII ruaporenaepimen, connmaii-ak I[IMAKr-I14BIIr, ITAKr-
[I2MS5BIIr uaTeprenai xyhenaepiMeH KalbIiid XJIOPUIl epiTiHAICIHIH 6acTammKbl AIeKTPO-
XUMHSIIBIK KacHeTTepi aHTaplbIKTail e3repicTepiH Oalikayra Oomamsl (yakpIT eTe Kele
MeTaJlT HOHBIH COpOIMsaya MEHIIIKTI AIeKTPOTKI3TIIITITiHIH )oHe pH MoHIepi TomMeH-
neiini). XKexelTIAK, TIMAK, T14BI1, [12MS5BII ruaporeninae Ty3 epiTiHIICIHIH 3JIEKTPO-
XUMHSJIBIK TEMe-TCHIIK KbUIOaM TEHECEl, COHBIH CalJapblHaH Oip TOyJiK ©TKCHHEH
KeiiH a3 FaHa ecyi Oalikanansl. Kanpliuii HOHIapBIHBIH COHFBI copOrmsiay aapexkeci 70%
nedin okereni. MHreprenmi okydenepiae MOJMMEpNEpAiH OHTAaMIbl KOH(OPMALUSICHI
rIIMAK:rI14BI1=4:2 xone rIIAK:rTI2M5BI1=2:4 katbiHacTapbhiHIa Ty3inemi. Amnaiina,
MaKpOMOJIEKYJIaJapJblH aybicy Tpoleci KUBIHIBIK TyFbi3aznpl, edWTkeHi [IMAK skxoHe
[2MS5BIT kypsutbIMAapia MeTHIAI KOpbhIHOAcapiiap KeMNTiriHeH HOHAaHY HpOLECiHIe
MOJIMMEPITIK TYHiHAepAiH aiHamybHa kexepri kenrtipeni. TTIMAK:rII4BII=4:2 sxoHe
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rITAK:TTI2M5BI1=2:4 wunHTeprenmi >XyWenepiMeH COUKECIHINE KaJbIMid HOHIAPBIHBIH
copbuusiiay nopexeci 93% sxone 92% Kypaiiab.

Tyiiin cesjep: mHTeprenm xyiie, e3apa Gencenaennipy, copouus, Ca’" moHmapsI
JKaFJai, THAPOTEIbACD, TOTHAKPIIIKBIIIKEUIBL, TIOJTAMETaAKPUIIKBIIIKBUTEI, TIOTH-4-BAHUII-
MUPUIH, TIOJTH-2-METHII-5-BUHWITUPUAIVH.
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OCOBEHHOCTH COPBIIMHM MOHOB KAJIBIIA NUHTEPT'EJIEBBIMU
TUJIPOTEJISIMU TTOJIMMETAKPUJIOBOM KUCJIOTHI —
[OJIN-4-BUHUJIITUPUIUHA U [TOJIMAKPUIIOBOIM KUCJIOThI —
[OJIN-2-METWUJI-5-BUHWJITIMPUTUHA

Metomgamu KoHIyKTOMETpHH, pH-MeTprnn, HOHOMETpHUH UCCIIEI0BaH MPOIiecc copo-
i uoHoB Ca’ MHTEpreeBBIME CHCTEMAMH THIPOTETh MOTMMETAKPHIOBOH KHCIOTHI
(TTIMAK) — ruaporens nonu-4-sunmmmupuanHa (r114BII) u rumporens mommakpuioBoi
kucnotsl (TIIAK) — runporens nonu-2-metun-5-suamwimupuauda (rlI2MSBII). Ycranos-
JIEHO, YTO MpoIecC COpOIMH HMOHOB KaJbIMs KaK WHIUBHIYaJIbHBIMH PEIKOCIIMTHIMU
nonumepHbeiMu Tuaporessimu [TAK, TIMAK, TI4BII, TI2MSBII, Tak 1 uHTEpreaeBbIMUA
cuctemamu TIIMAK-TTI4BII, TtITAK-rII2M5BII, comnpoBoxaaercs CyIleCTBEHHbIMU
HM3MEHEHUSIMU HCXOAHBIX 3JIEKTPOXMMUYECKUX CBOWMCTB pacTBOpa XJOpHAa KajbIus (CO
BpEMEHEM COpOLMHM MOHOB METajlla MPOMCXOAUT CHIKEHHE 3HAYCHWIl yJEeNbHOM dIieK-
tporpoBogHoctd u pH). MuamBuayansueiMu rugporensmu ITAK, TIMAK, TI4BII,
[M2M5BIT moctaTodHO OBICTPO JTOCTHraeTCsl JIEKTPOXUMHUIECKOE PABHOBECHE C PACTBO-
POM COMH, BCIEACTBUE YETO MPOUCXOAUT HE3HAUUTENBHBIA POCT MO HUCTEUEHHIO | CyT,
KOHEYHas CTEIeHb COPOIIH HOHOB Kanblus gocturaetr 70%. O6pa3oBaHne ONTHMAaIHHOMN
KoH(OpManny MOJINMEPOB B HMHTEPTEJIEBBIX CHCTEMaxX MPOMCXOANUT MPH COOTHOIIECHHSIX
rIIMAK:rT14BI1=4:2 u r[TAK:TTI2M5BI1=2:4, ogHako mporiecc mepexoaa MaKpoOMOJIEKYJIT
3aTpyaHsercs TeM, 9To B cTpykTypax [IMAK u I12MS5SBII npucytcTByeT 00beMHBIN Me-
THJIBHBIA 3aMECTUTEIb, MEIIAIOIINI pa3BOPauNBaHUIO TIOIMMEPHOTo KiyOKa B Iporecce
ero woHmzanuu. CTerneHb COpPOLMM HOHOB KalblMA WHTEPIreJIeBBIMH CHCTEMaMHU
rIIMAK:rT14BI1=4:2 u rITAK:rTI2M5BI1=2:4 coctasnset 93 u 92% COOTBETCTBEHHO.

KnaioueBsbie ciioBa: nHTEpreneBas cucTeMa, B3auMHAsi aKTHBAIHs, COPOIMs, HOHBI
Ca®', ruaporen, mMOTMAKPHMIOBAas KHCIOTA, MONMMETAKPHIOBAs KHCIIOTA, MOTH-4-BH-
HWINHUPHUIVH, TTOJU-2-METHII-5-BUHWITHPHIHH.
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STRUCTURE AND BIOLOGICAL ACTIVITY
OF THE MIXED-LIGAND COMPLEX OF COPPER
WITH P-NITROBENZOIC ACID AND MONOETHANOLAMINE

Abstract. Analysis of the current state of theory and practice of various growth
stimulants application allows to note their wide use in agriculture, where they play impor-
tant role such as mineral fertilizers. In this connection, a lot of number growth stimulants
are created, and compounds based on metal complexes take important place.

Key words: p-nitrobenzoic acid, monoethanolamine, Cu complex, molecular and
crystal structure, SAR, TG-DSK, mass spectrum, growth stimulating activity.

Introduction. The possibility of an enhancement of biological action of the
low-active organic substances by formation of monoligand metal complexes was
studied in detail, and very promising results were obtained [1-3]. However, the
literature analysis indicates that there are no works devoted to systematic study of
bioactivity optimization in mixed-ligand complexes.

Very promising is the approach when cheap and commercially available
substances demonstrating simultaneous antimicrobial and growth-stimulating
actions will be used as the main ligand. The simplest mono-derivatives of benzoic
acid, as nitro-, amino- and hydroxybenzoic acids are such compounds [4]. Etha-
nolamines, showing the same biological effect can be selected as an auxiliary
ligand [5]. Based on this, we conducted the syntheses with participation of the p-
nitrobenzoic acid (PNBA), monoethanolamine (MEA) and salt of copper (I)
sulfate (Cu,SO,) salt.

Thus we have synthesized a new mixed-ligand metal complex of copper
containing two molecules of PNBA and two molecules of MEA.

EXPERIMENTAL PART

A hot solution of PNBA containing 0.167 g (1 mmol) in methanol was ad-
ded to solution of water-methanol mixture (1: 0.25 by volume) containing 0.135 g
(0.5 mmol) of CuCl,-2H,0 in 4 ml. In to this mixture 62 ul of MEA was added
dropwise with constant stirring. The reaction mixture was kept in an ultrasonic
bath (30 kHz) for 10 minutes. The resulting solution was placed in a tub, not
tightly closed (at 20° C). After 8 days prismatic crystals are formed. The yield
was about 60%.
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Experimental data for X-ray diffraction analysis were collected using the
CrysAlisPro program [6] on an X-ray difractometer ‘“Xcalibur R CCD” (Oxford
diffraction, England) using CuK, radiation with A=1.5418A (graphite monochro-
mator, w-scanning method). The correction for absorption was made by a multi-
scan method of the same program. The structures were solved by a direct method
and refined by the least square method [7] using the SHELXS-97 software pac-
kages [8]. Molecular and crystalline structures were plotted by the MERCURY
software [9]. The crystallographic parameters and details of structure refinement
are given in the table 1.

Table 1 — Crystallographic parameters and details of the structure refinement
of the mononuclear mixed-ligand Cu complex.

Characteristics Amount of parameters value of quantity
Formula Cu[((PNBA),+(MEA),)]
Crystal system Monoclinic
Etc. gr. P2,/n
a, A 4.781(5)
b, A 21.252(5)
c,A 10.701(5)
a, deg 90
B, deg 97.375(5)
Yy, deg 90
v, A 1078.3(13)
Z 2
p( calculated), g / cm® 1.595
u, mm’! 1.077
Crystal dimensions, mm 0.08 x 0.16 x 0.40
Scanning interval 0, deg 3.9,50.2
h, k, I range -5:5;-25:24; -11:12
Collected reflections 7618
Rint 0.034
Reflections with I> 20 (1) 1540
GOOF (F2) 1.08
R1, wR2 (I> 26 (I)) 0.0601, 0.1956
APrmaxs APmins € / A3 -0.56, 0.48
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The thermal analysis of compounds was carried out in an inert argon
atmosphere under programmable non-isothermal heating conditions in mixture
with a-ALO; standard in ratio 1: 1 at heating rate of 10 deg / min in 25-400°C
temperature interval on combined thermal analyzer STA 409 PC LUXX from
Netzsch (Germany). Mass spectra were registered using an ion trap mass spectro-
meter and time-of-flight mass spectrometer Aglient 6400 TripleQuadrupole LC /
MS (Germany) and Q-TOF Agilent 6520 va 6400 TripleQuadrupole LC / MS
(Germany), respectively. The ionization was performed by electrospray, the mass
spectra were recorded with the following experiment parameters: m / z range 50-
400, dehydration gase flow rate (nitrogen) 3 ml / min at 300 ° C, gas pressure on
nozzle needle 20 psi , the voltage of the fragmentator is 35 V, capillary voltage is
3500 V.

Results and Discussion. In the crystals; the Cu®" ions located at inversion
centers are coordinated chelatly by two MEA molecules through nitrogen and
oxygen atoms (figure 1). Two more PNBA molecules are monodentately attached
to metal ions, both by oxygen atoms of the carboxyl group, which is in carboxy-
late form in order to compensate positive charge of the copper ions. The carboxy-
late group is not coplanar with benzene ring - the corresponding dihedral angle is
25.28 °. The nitro group is inclined to aromatic nucleus at 11.51°.

Figure 1 — The structure of the complex molecule in the Cu[((PNBA),+(MEA),)] compound

Polyhedron of the copper ions is octahedron which is strongly distorted by
the Jahn-Teller effect [10-12].

The mixed ligand metal complex with composition of Cu [((PNBA),+
(MEA),)] is stable up to 167°C (figure 2) and loss of mass in the temperature
range of 20-370 ° C occurs in one stage - 167-320° C, in this interval the thermal
decomposition of the sample with loss of weight of 62.16% takes place. The
DSC-curves show two peaks: endothermic - Ty, 155.2 and the immediately
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Figure 2 — Thermal analysis of the complex Cu[((PNBA),+ (MEA),)]
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following exothermic peak at T,,.x 185 © C. The first peak corresponds to sample
melting, and the subsequent thermal oxidative destruction is characterized by an
exothermic peak. The total amount of energy corresponding to these processes is
157 J / g. The maximum degradation rate is 2.5% per minute.
To study the component composition, the complex compounds were
analyzed by HPLC-mass spectrometry (figure 3). After the scan with posi-
tive ionization, a molecular fragments with the characteristics [M + H] = 518,
[M =517 + 1] were detected, and it can be assumed to formation of the complex,
which is sufficiently resistant to external influences.
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Figure 3 — Mass spectrometry of the complex Cu[((PNBA),+ (MEA),)]
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Thus, the Cu[((PNBA),+(MEA),)] compound is a mixed-ligand mononuclear
complex of Cu (II) with PNBA and MEA of 1: 2: 2 ratio.

Growth stimulating activity. PNBA shows growth stimulating activity, but
significantly less than p-aminobenzoic acid [13]. The stimulating effect of MEA
is much greater, and therefore preparations based on this substance are used as
growth stimulants [14]. In this connection, synthesized compounds should exhibit
enhanced growth-stimulating properties.

During the experiments, the testing compound - mononuclear complex of Cu
with PNBA and MEA was designated as substance No.1.

In vegetative experiments, the effect of synthesized compound on the
growth, development, and harvest of cotton-wool was studied. Before sowing, the
seeds were soaked with water and tested stimulants with 0.001% concentration. In
the growing phase of 3-4 true leaves, in the budding and flowering - fruit-forma-
tion phases of cotton growing, the plants were sprayed with the test preparation
[15, 16].

When applying the plant growth stimulator, the general provisions are obser-
vance all rules of agricultural technology, support of good plant nutrition regime,
and observing the rules for using the stimulant so as not to destroy the plant. The
growth stimulator was stored in tightly closed glass container with plug glass
stopper in dry and dark place or in opaque containers.

During the cotton growing period, careful maintenance of plants was carried
out: watering, loosening of the soil, thinning, fertilizing, treatment of plants from
diseases, phenological observations and biometric measurements were carried
out. During the growing season, soil moisture was maintained at 60-65% of total
moisture capacity.

The vegetation experience was carried out in 4-fold replication.

Soil under the experience: typical serozem (Calcisol, WRB, 2006) with the
following characteristics: C 1 - 0.54%; N (o1 - 0.09%; P 1101 - 0.14%; pH 7.2.

The stimulator was studied on cotton crop (Gossypium hirsutum) of the
"Akdarya-6" sort in vegetation experiments. The average vegetative period of
plants varies from 117 to 128 days.

The land treatments were carried out according to generally accepted tech-
nique of Cotton Breeding, Seed Production and Agro-Technologies Research
Institute (Tashkent, Uzbekistan).

In the experiments special attention was paid to acceleration of development
rates of cotton- plants. In Fig. 4 the influence of studied stimulator on growth of
main cotton-plants stem on different development stages is clearly traced. If in
germination stage there was no significant difference in variants, then stimulating
effect of studied complex on plant growth is found to phase of 3-5 true leaves (the
length of the main stem is 61.3% longer than in control version). The highest
plants are fixed in variant with stimulator, reaching a maximum of 18.0 cm,
which exceeds the control variant by 6 cm (i.e. by 50%). In the flowering phase
and in terminal stage of fruit formation (maturation), the intensification of plants
growth was noted: in the stimulator variant the length of plant main stem were
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Figure 4 — Dynamics of cotton growth under the influence of the preparation

respectively 82.25 and 109.25 cm (which is 19.6 and 21.1% longer than in
control).

The main criterion which make for effectiveness of studied preparation is the
level of cotton-wool harvest. From the results presented in table. 2. it can be seen
that the yield of in the test group of plants (with growth stimulator) was 28.3%
higher than yield from the control plants (without stimulant). It is important that
under influence of mixed-ligand complex, the opening and ripening of bolls is
somewhat delayed. Thus, in the control variant 70% of cotton-wool was collect at
first harvest, while in tested variant only 45.7%, for 2 harvest, respectively, 20.0
and 30.1%, for 3 harvest - 9.4 and 24.1% of the total harvest of cotton-wool.

It should be especially noted that in variant with mixed ligand complex, in
addition to increasing bolls number from one plant (up to 33.75 pcs vs. 26.0 pcs
in control, i.e. by 29.8% more), the complete ripening of formed bolls was fixed
(the number of unripe fruit-elements in test variant was 41.5% less: 11.3 pieces
versus 19.3 in the control). These phenomena together contributed to increase in
yield of cotton-wool by 28.3%.

Table 2 — Cotton yield by applying mixed ligand complex as growth stimulants

Weight of cotton-wool
(seeds and lint), in g / per 1 plant

Ne Variants  [harvest 1| harvest 2 |harvest 3] Total | Sumof | Weight | Imma- | %
28.08.16| 14.09.16 [30.09.16 bolls, units| of boll, ture
per 1 plant g fruit, g

Total harvest

NagoP140K60-
background

2 | Prepration1 | 67.25 44.25 355 |147.0| 33.75 435 11.3 | 129.8

80.25 22.97 10.8 | 114.6 | 26.00 4.4 19.30 | 100
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So, on the basis of the carried out studies it was revealed that Cu [((PNBA),+
(MEA),)] compound, has stimulating activity on the growth and development of
cotton. In this metal complex, growth of bioactivity to almost 30% is observed.

Multifunctional action on plants, apparently, is associated with the activation
of phytohormones, which is expressed in acceleration of seeds germination, plants
lenght, mass of aboveground part and roots, productive bushiness. The revealed
positive qualities of the stimulant under investigation ultimately lead to yield
increase and an improvement in the cotton fiber quality.

Conclusion. Thus, our complex of agrochemical vegetative studies, the qua-
litative characteristics of the studied compound, and its influence on the yield of
the tested plants made it possible to conclude that effective stimulant of a new
generation that positively influenced the growth and development of cotton was
obtained.

The practical significance of synthesized compounds is growing if we take
into account that it is the mononuclear copper complex that exhibits maximum
antifuzario activity [10]. To apply this compound as a growth preparation, the
cotton seeds are soaked in advance by inoculation. Since Fusarium fungi are
constantly present in the soil, the preparation simultaneously exhibits both growth
and antifungicidal actions. In this regard, we can argue that an effective dual-
action complex has been obtained that is promising in terms of introduction into
agriculture.
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n-HUTPOBEH30M KbILIKbIJIbI MEH MOHOSTAHOJIAMUHMEH
MBICTBIH APAJIAC JIMT'AH/] KEIHEHIHIH K¥PbIJIBIMbI
’KOHE BNOJIOT'MAJIBIK BEJICEHAUIITT

Typai eciMIiK ©CIMiH BIHTATAHABIPFBIIITAP KOJIAHYABIH TEOPHSICHI MEH MPAKTHKA-
CBIHBIH aFbIMJIaFbl JKai-KyWiH capanray oJiapAblH MUHEPAJIbIK THIHANTKBIIITAD CHSKTHI
MaHBI3/Ibl POJI aTKapaThlH aybUl MIApyallbUIBIFBIHIA OJAPAbIH KEHIHEH KOJJIaHbLIATHIH-
JBIFBIH aTan eTyre MyMKiHAiKk Oepeni. OckiraH OaiilaHbICTBI, KONITEreH OCiMAl bIHTAJAH-
JBIPFBILTAP KACAJIBIN, METAUT KEIISHJIepiHe HETi3/1eJITeH KOCBhUIBICTAp MaHbI3/Ibl OPBIH
aryna.

Tyiiin ce3nep: N-HUTPOOEH30H KBIIKBUIBI, MOHOITaHOJIAMHUH, Cu KeIlleHi, MOJIeKY-
JIABIK JKoHE Kpuctanasl KypblibiM, SAR, TG-DSK, macc cnektp, ecimMzi bIHTalaHIbIpa-
TBIH OENICEHAIIK.
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CTPYKTYPA 1 BUOJIOTNUYECKAS AKTUBHOCTD
CMEIIAHHO-JIMTAHAHOI'O KOMILJIEKCA MEJIN
C n-HUTPOBEH30MHOU KNCJIOTOU 1 MOHOSTAHOJIAMMHOM

AHamm3 COBPEMEHHOTO COCTOSHHS TEOPHH W TPAKTHKH MPUMEHEHHS Pa3IHIHBIX
CTHMYJIAITOPOB POCTA ITO3BOJISIET OTMETHTH UX MIMPOKOE HMCIIOIB30BAHUE B CEITHCKOM XO-
3SUCTBE, TIe OHU UTPAIOT BAXHYIO POJIb KaK MHHEpaJbHbIE ya00peHus. B cBsa3u ¢ aTuM
CO3/71aeTC MHOXKECTBO CTHUMYJISITOPOB POCTa, M COSAMHEHHUS, OCHOBAHHBIC Ha METAILIH-
YECKUX KOMIUIEKCAX, 3aHUMAIOT BAXKHOE MECTO.

KiroueBble ci1oBa: m-HUTPOOCH30MHAS KHCIOTa, MOHOATaHOJIaMUH, koMiuieke Cu,
MOJIEKYJISIpHasl U KpucTamnudeckas ctpykrypa, SAR, TG-DSK, macc-criektp, cTUMyIu-
pyro1iast pocT akTUBHOCTb.
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WATER SOLUBLE POLYMERIC DRUG
FORM OF LOCAL ANESTHETIC BASED
ON POLYVINYL ALCOHOL

Abstract. The new water soluble polymeric drug form of local anesthetic novocaine
on the based synthetic polymer polyvinyl alcohol has been developed. By means equilib-
rium dialysis method the interaction of novocaine with polyvinyl alcohol was studied. The
dynamic of drug release into physiological solution was investigated. It was concluded the
possibility of the polymer application for prolongation action of novocaine.

Key words: polymeric form, local anesthetic, novocaine, polyvinyl alcohol, drug
release.

Introduction. One of perspective directions in the field of drug delivery
systems is development of complexes of drugs with various water-soluble poly-
mers. Application of such complexes allows to lower of toxic action of drugs and
also to receive long therapeutic effect. Rigid requirements of medicine (biocom-
patibility, solubility in water or physiological solution, ability to completely re-
move from organism, etc.) sharply narrow the circle of polymers used as drug
carriers. For these purposes it is considered the most expedient application of
polymers which have properties of blood substitutions [1, 2]. Among the high-
molecular compounds having such properties, the wide spreading has found
polyvinyl alcohol [3, 4].

One of the most important tasks in the field of chemistry of medico-biolo-
gical polymers is the development of polymeric forms of anesthetic drugs. The
existing arsenal of antipain drugs are small and many of them have a number of
disadvantages, namely short duration of the anesthetic and toxic effects on the
body associated with overdose of the drug. In many cases, especially in disaster
medicine, to eliminate pain syndrome it is necessary to maintain the effective
concentration of the analgesic drugs in the body for long time. A prolonged effect
can be achieved by immobilizing anesthetic drugs to macromolecular carriers [5-8].

In the present study the polymeric water soluble forms of novocaine based on
polyvinyl alcohol are described.

EXPERIMENTAL PART

Polyvinyl alcohol (PVA) were purchased from Sigma Chemicals, St.louis,
USA. Novocaine was used pharmaceutical grade.

For detailed understanding of character and nature of binding and the inter-
action between drug and macromolecules were studied by means equilibrium
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dialysis method. The release behaviour of novocaine from polymeric solutions
was examined by dialysis method in a modelling biological medium at 37°C. The
amount of drug released was determined spectrophotometrically by measuring the
absorbance maximum UV spectra were recorded on a Jasco UV-VIS (Japan)
spectrophotometer.

RESULTS AND DISCUSSION

Polyvinyl alcohol has found wide application in medicine as blood substitute,
bases for ointments, prolonger of action of many medicinal substances. The basic
advantages of this polymer are solubility in water and other solvents, absence of
toxic and allergenic action, high ability to complexation. To the purposes of pro-
longation, the polymer with molecular weight 15000-20000 was applied. That
provides long stay of polymer and binding drug in living organism.

The determining role in binding of polyvinyl alcohol with various low-
molecular substances is played hydrogen bonds and hydrophilic interactions.
Presence in structure of drug the appropriate groups capable form weak comp-
lexes with PVA, gives the basis to use this polymer for prolongation of therapeu-
tic action of drug. Interaction of drug with PVA was studied by means of various
physical and chemical methods.

UV-spectroscopic researches are shown that at mixing water solutions of
drug and polymer precise change in spectral characteristics novocaine at 202 nm
as increase of the maximum of absorption. This process proceeded in time,
increase of optical density occur within 6-8 hours. The given effect is caused
complexation of molecules novocaine with OH-group of polymer due to
formation of hydrogen bonds. Viscosimetric measurements also testified about
complexation of drug and polymer. So, the intrinsic viscosity of 0,5 % solution of
PVA at dilution water changes linearly, and at dilution the same solution of 0,5 %
solution novocaine occurs sharp increase of the given viscosity in the field of
small concentration of polymer, characteristic for polyelectrolites. The given
effect testifies to increase of the linear sizes of macromolecules result of its
association with novocaine. Measurement of viscosity of solutions at various
mole ratio of components has shown, that at the ratio close to equimolar (0,8-
0,9 mole novocaine on 1 part PVA), the sharp increase of viscosity testifying to
formation of a complex of structure 1:1.

For more detailed investigation of interaction novocaine with PVA the
method of equilibrium dialysis was used, allowing establish degree of binding
between components in solution not only qualitative, but also quantitatively.
Experiments carried out in water solution at various temperatures, using acetylcel-
lulose dividing membrane. Drug, diffused from one cell through membrane,
contacted with polymer which is taking place in other cell. Changing concen-
tration of drug in various experiments with constant concentration of PVA, quan-
titative characteristics of process of interaction (coefficient of distribution,
binding constant, thermodynamic parameters) were determined. The coefficient

198



ISSN 1813-1107 MNe 3 2018

of distribution novocaine at equilibrium dialysis characterizes itself the rela-
tionship of drug amount in dialysed cell and outside solution. Constant of binding
determined according to Klotz equation [9] by the diagram of dependence 1/a
versus 1/C, where “a” is the parameter describing the share of macromolecules,
formed complex, C - concentration or unbound drug (figure). This dependence
represented a straight line which corner of inclination corresponded 1/Kc.

-
o
)

1/r x 102, mole/mole
N W A OO N ®© ©

-
1

0 0,05 0,1 0,15 0,2 0,25
1/C x 10-5, mole-1

o

Dependence on novocaine versus interaction with PVA at the temperature:
o-25°C,0-37°C, 0—-50°C.

Values of thermodynamic parameters of interaction at various temperatures
are presented in table 1. The data indicate clearly that with increase of tempera-
ture parameters of drug the binding with PVA decrease.

Table 1 — Thermodynamic parameters of novocaine interaction with PVA

Temperature, K, 107, Free Energy, Enthalpy, Entropy,
°C L/mole kJ/mol kJ/mol E.u
25 41,4 -9,22 -5,47 12,65
37 38,2 -9,39 -4,12 15,32
50 38,1 -9,48 -3,32 18,71

Process of complex formation has exothermic character, negative values of

change testify to it enthalpy and free energy, and also positive change of entropy.
Low absolute values thermodynamic parameters indicated the prevailing value of
hydrogen bonds in process. Alongside with them existence of hydrophobic inter-
actions between components in the complex is possible.
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The release of drug from polymeric solution was investigated. Experiments
carried out at various ratio polymer:drug - from 1:1 up to 4:1. For comparison the
amount of drug, released through membrane in absence of polymer was deter-
mined. Results of investigation are presented in table 2.

Table 2 — Dynamic of novocaine release from PVA into physiological solution

Ratio Quantity released drug, %
Drug:Polymer lh 2h 3h 4h 6h
1:0 24 45 71 82 94
1:1 19 35 59 74 75
1:2 14 31 53 69 79
1:3 12 28 47 65 72
1:4 11 25 44 61 68

Received data indicate that at the presence of polymer the diffusion of novo-
caine through membrane is reduced. So, for 8 hours at molar ratio polymer:drug =
= 1:1 preparation is diffused on 78 %, while from water solution novocaine is re-
leased on 96 %. On the basis of the received data the diagrams of logarithmic
dependence of amount released novocaine in time were drawn and constants of
rate of drug diffusion through the membrane are calculated (figure 2).

0,8 -

0,6 -

0,4 -

lg1/1-m/mo

0 1 2 3 4 5
Time, h

Figure 2 — Dynamic of novocaine release from PV A solution
at different ratio polymer:drug. ¢ —4:1, 0 —2:1, A—1:1.
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It is shown that with increase molar ratio of reagents from 1:1 up to 1:4,
the value of constant of diffusion decreases and makes 5,93; 5,61; 5,33 and
5,06-10-5 s, accordingly. Kinetic curve of diffusions show, that the greatest pro-
longing effect achieved at a ratio PVA:drug equal 1:4.

Conclusion. Thus, the investigations have shown that local anesthetic novo-
caine in water solutions forms with synthetic polymer polyvinyl alcohol the com-
plexes due to hydrogen bonds and hydrophobic interactions. Long therapeutic
action of polymeric water-soluble complexes was established. The opportunity of
creation on polyvinyl alcohol basis the injected medicinal forms prolonged the
rapeutic actions were shown.

The research was carried out according to the scientific and technical prog-
ram No. BR05234667 within the framework of program-targeted financing CS
MES RK.
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[MOJIMBMHWJI CITMPTIHE HET'T3AEJI'EH
KEPI'UIIKTI AHECTETTUKTEPAIH CYA EPUTIH ASPIJIIK TYPJIEPI

[ToauBHUHKUI CIIMPTIHIH CHHTETHKAJIBIK TOJIMMEPIHE HeTi3/eJreH HOBOKAaUHHBIH JKep-
TUTIKTI aHECTCTUKTEPIHIH JKaHa CyJa CPUTIH MOJUMEPII ASPUIIK (opMmanapsl d31pacHI.
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HoBokanHHIH MOJMBUHUI CIHPTIMCH €3apa OPEeKEeTTeCyl Tere-TeHIIK MHaan3 dMiCiMEH
3epTreni. OU3HONOTHIIBIK TY3Ibl AOPi-IopMEKTepai 00caTy MUHAMHKACHI 3E€PTTEII.
HoBokanH ocepiH y3apTy YVIIIH HOJMMEPIl KOJAAaHYy MYMKIHIITT TYpajabl KOPBITHIHIBI
KAacaJibl.

Tyiiin ce3nep: monumepnik Typiepi, )KeprilikTi aHeCTETUK, HOBOKaWH, MOIMBUHHI
CIHPTI, IopiHiH OeiHyi.

Pesrome
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BOJOPACTBOPMBIE JIEKAPCTBEHHBIE ®OPMBbI
MECTHOI'O AHECTETUKA HA OCHOBE ITOJINMBMHUWJIOI'O CIIMPTA

Pa3paboTaHbl HOBBIE BOJOPACTBOPUMBIE TIOJIMMEPHBIE JICKApCTBECHHbBIE (POPMBI MECT-
HOIO0 aHeCcTeTHKa HOBOKAaWHA HAa OCHOBE CHUHTETHYECKOro MOJUMEpa MOJUBHHUIOBOIO
cnupTa. MeToZoM paBHOBECHOIO AWAN3a U3Yy4YEHO B3aHMOJICHCTBHE HOBOKAHHA C IMOJIH-
BUHHJIOBBIM cripToM. McciienoBana muHamMuKa BEICBOOOXIEHHs pernapara B (uznoso-
ruueckuil pactBop. CrenaHo 3aKII0YEHHE O BO3MOXKHOCTH HCIIOJIb30BaHMs MTOJIUMeEpa AT
MIPOJIOHTUPOBAHMS JEMCTBUS HOBOKAMHA.

KnroueBble ciioBa: monuMepHbie (JOPMBI, MECTHBIH aHECTETHK, HOBOKAWH, TTOJIHBH-
HUJIOBBIHA CIIUPT, BEICBOOOXKICHNE JIEKAPCTBA.
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SUPRAMOLECULAR SELF-ASSEMBLY OF D-PINITOL
WITH CYCLODEXTRINES

Abstract. Water-soluble mixed complexes of D-pinitol with cyclodextrins in the
ratio 1:1 composition were formedby the supramolecular interaction. The structure of
supracomplexeswas studied by NMR spectroscopy methods.

Keywords: D-pinitol, cyclodextrins, supramolecular complexes, NMR spectroscopy.

One of the most promising and intensively developing areas of modern sup-
ramolecular chemistry is the preparation and investigation of complexes of
biologically active compounds of plant origin with cyclodextrins (CDs) [1-5]. It is
known, that inclusion supramolecular complexes of CDs with biologically active
compounds make it possible to regulate the solubility of the latter in water, reduce
their toxicity, permit the transfer of liquid substances to solid substances, and
increase the stability of substances to oxidation and hydrolysis [6-8].

The choice of D-pinitol(1) as a substrate of supramolecular self-assembly is
due to the fact that this compound of plant origin has antidiabetic and hypo-
glycemic properties and it is very promising for use in pharmaceutics [9].

OH

OMe

CDs are relatively affordable compounds, manufactured from renewable raw
materials such as starch. The a-, B- and y-CDs containingglucopyranose units are
the most common ones. The increased interest in CDs is primarily due to their
cyclic structure and the ability to form supramolecular host-guest inclusion
complexes with a variety of hydrophobic guests due to the internal cavity [10,
11]. The attractiveness of CDs as host molecules in the formation of inclusion
complexes is also explained by their nontoxicity.
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In supramolecular chemistry, the size and shape or geometric comple-
mentarity of the interacting components play a decisive role; therefore, a-, B- and
v-CDs of various sizes of the internal cavity as well as the more hydrophilized 2-
HP-B-CD (2-hydroxy-p-CD) were used to obtain complexes with the substrate.

Supramolecular complexes of 1 with a-, B-, y- and 2-HP-B-CDs were ob-
tained by the interaction of equimolecular amounts of substrate with receptors in
ethanol solutions of reacting substances at 50°C for 5 hours followed by isolation
of supracomplexes drying.

Investigation of supramolecular complexes of 1 with CDs by NMR spectro-
scopyis based on the determination of the difference in the values of 'H chemical
shifts of substratel and receptors (CDs) in the free state and in the composition of
complexes as a result of intermolecular interaction. One can judge the formation
of internal or external complexes, respectively, according to the change of the
value of chemical shifts of internal or external protons of CDs. The change in the
chemical shifts of "H NMR in the spectra of the substrate makes it possible to
determine the direction of entry of the latter in the cavity of CDs [12, 13].

The substrate of supramolecular self-assembly 1 was obtained from
SilenebranhuicaBoiss collected in the South Kazakhstan region in natural habitats
and isolated by water-ethanol and isobutanol extraction [9]. Its structurewas
established based on the results of "H and C NMR spectroscopy obtained in
DMSO-d; (table 1). The correctness of the assignment of one-dimensional 'H and
BC NMR spectra of 1 was confirmed by two-dimensional correlations of the
NMR spectra such as 'H-'HTOCSY, 'H-'HROESY, 'H-?CHMQCand'H-
BCHMBCand coincided with the published results [9, 14, 15].

'H NMR spectra data of a-, p-, y- and 2-HP-B-CDs in the free state and sup-
ramolecular complexes on their basis with 1 obtained in D,O are represented in
tables 2 and 1.

Table 1 — The values of the chemical shifts of 'Hand">C NMR of 1
in the free state (85, DMSO-dg) and in the composition of the complexes (5, D,0), ppm

C atom s ] 3 ("H) in the complex with
No. | %O % (1D a-CD B-CD y-CD | 2-HP-B-CD

1 72.52 | 3.34m, 4.41 d (OH) Signals of CDs are overlapped by signals of 1

2 73.12 | 3.60 m, 4.64 d (OH) Signals of CDs are overlapped by signals of 1

3 71.45 | 3.47m,4.38 d (OH) Signals of CDs are overlapped by signals of 1

4 72.92 | 3.60 m, 4.55 d (OH) Signals of CDs are overlapped by signals of 1

5 70.61 | 3.34m,4.25d (OH) Signals of CDs are overlapped by signals of 1

6 84.33 297t 3.28t 3.29t 3.28t 3.20t
6-OCH; | 60.15 3.41s Signals of CDs are overlapped by signals of 1
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Table 2 — The 'HNMR chemical shiftsof o-, -, y- and 2-HP-CDs
in the free state (8y) and in the composition of the complexes (3), ppm

H a-CD B-CD v-CD 2-HP-CD

atom _ _ _ _
AS= AS= Ad= As=
No. o 5 =5-8, ) 0 =5-9, 8 5 =5—9 B o =09,

491(5.00| 0.09 [4.87|5.02| 0.15 4.96 | 5.05 | 0.09 | 492|495 | 0.03
349 (3.58| 0.09 |3.45(3.60| 0.15 3.51 | 3.60 | 0.09 | 3.46 | 3.48 | 0.02
3841393 0.09 |3.77|391| 0.14 3.78 | 3.88 | 0.10 | 3.87 | 3.86 | -0.01
344|353 0.09 |3.39(3.54| 0.15 344 | 353 | 0.09 | 3.46 | 3.48 | 0.02
3.7113.82| 0.09 |3.68|3.83| 0.14 3.72 | 381 | 0.09 | 3.72 | 3.74 | 0.02
371382 0.11 |3.68 3.83| 0.14 372 | 381 | 0.09 | 3.72 | 3.74 | 0.02

NN | [W|N|—

A comparison of the integrated intensities of the 'H NMR signals of the
molecule of 1 with a-, B-, y-, and 2-HP-B-CDs in supramolecular complexes has
shown that 1 forms complexes of 1:1 composition with all CDs.

Changes in the proton chemical shifts in cyclodextrin molecules Ad occurred
to an equal extent both for the internal hydrophobic protons H-3, H-5 and H-6,
and for protons located in the outer hydrophilic surface H-1, H-2 and H-4at the
formation of supramolecular complexes 1 with all CDs. Changes in the chemical
shifts of the proton H-6in the molecule of 1 occurred to an equal extent in all the
complexes formed by a-, B-, and y-CDs. The chemical shifts of the proton H-6 in
the complexes of 1 with 2-HP-B-CD were slightly different. Due to the similarity
in the chemical structure of CDs with molecule 1, almost all the proton signals of
the substrate were not resolved because of the superimposition of cyclodextrin
NMR responses on them. Integral intensities of the protons of CDs molecules
were 6-8 times larger in magnitude than the corresponding signals of the mole-
cule 1. It can be assumed on the basis of the data obtained that the main inter-
action factors are hydrophilic interactions through hydroxyl-groups of interacting
molecules with the formation of inclusion complexes, and complexes without
inclusion in the supramolecular self-assembly of 1 with CDs molecules [16, 17].
The water-soluble aggregates formed thereby are able to solubilize the lipophilic
molecules of substrate 1 through non-inclusive complexation [18]. This is confir-
med by the good solubility of the obtained supramolecular aggregates of 1 with
CDs in aqueous solutions.

In order to direct search of "candidate compounds" with the desired types of
pharmacological activity, substrate 1was tested using the PASSonline program
(http://www.pharmaexpert.ru/passonline). The computer program PASSonline is
based on the principle of "sliding control" of databases of chemical compounds,
and allows selecting the most promising from the set of substances, i.e. with the
desired pharmacological properties. The accuracy of the prediction of biological
activity is 94% [19]. It is established that 1potentially has a wide range of
pharmacological properties as a result of PASS-prediction (table 3).
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Table 3 — PASS prediction data of the compound 1

Type of Probability, Type of Probability,
biologicalactivity % biologicalactivity %
Anti-seborrheic 86 Antidiskinetic 67
Anti-eczemic 82 Fibrinolytic 67
Vasoprotective 77 Anthelmintic 63
Antineoplastic 77 Cytoprotective 62
Analeptic 69 Anti-infectious 58
Lipotropic 67 Anti-inflammatory 58

As can be seen from table 3, antiseborrhoea and antiparasitic activities are
predicted for the molecule 1 with a comparatively high probability of experi-
mental confirmation, as well as other promising pharmacological properties.

Despite of the fact that the computer prediction data does not allow one to
state absolutely exactly whether the substance under study will have predictable
activity, nevertheless, the use of computer programs like PASSonline allows
selecting the most promising substances for in-depth study in biological test
systems invitro and invivo from the set of substances.

EXPERIMENTAL PART

The a-, B-, y- and 2-HP-B-CDs of “Fluka”’company were used in the work
with a purity of 99%; The 'H and >C NMR spectra were recorded in DMSO-d,
(1) and D,O (complexes) on a JNM-ECA Jeol400 spectrometer (399.78 and
100.53 MHz, respectively). Chemical shifts are measured relative to signals of
residual protons or carbon atoms of deuterated dimethyl sulfoxide.
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INFLUENCE OF VARIOUS FACTORS ON HYDROGENOLYSIS
OF THE SHALE OF THE KENDYRLYK DEPOSIT

Abstract. The present work represents the results of studies on the hydrogenation of
Kendyrlyk oil shale for the production of motor fuel components, assessment of the state
and prospects of hydrogenation under low hydrogen pressure. According to the experi-
mental data, the dependence of the yield of liquid products (YLP) on the temperature,
pressure and duration of the experiment was determined by the method of nonlinear
regression. It is shown that an increase in the temperature and duration of the experiment
does not exert a noticeable effect on the shale hydrogenolysis indicators. And with increa-
sing of hydrogen pressure in the range from 4.0 to 8.0 MPa, the degree of transformation
of the organic mass of shale (OMS) increases by 20% and the amount of shale in the
reaction of hydrogen is doubled, the yield of liquid products, gas and water is increasing.

Key words: hydrogenolysis of shale, the yield of liquid products, Kendyrlyk, bau-
xite, the organic mass of shale, the degree of conversion.

Introduction. Oil shale is one of the promising types of organic raw mate-
rials, which can largely compensate, and in the future replace oil products and
gas. Unlike other types of solid fossil fuels (SFF), oil shales contain significant
amounts of hydrogen in organic matter. The possibility of obtaining liquid and
gaseous hydrocarbons from oil shales, similar in composition and properties to
petroleum products and natural gas, makes it possible to consider them as impor-
tant strategic resources [1].

World reserves of oil shale in the equivalent of shale resin are approximately
2.9 trillion barrels, but the industrial processing of oil shale is carried out only in a
few countries. At the same time, research begun in the first half of the twentieth
century in the field of the processing of oil shale in synthetic motor fuels and
chemical products did not cease, and have again become relevant by now.

About 25 deposits and shows of oil shales dated to the Upper Devonian,
Lower Carboniferous, Upper Paleozoic, Middle and Upper Jurassic and Paleo-
gene deposits have been identified on the territory of Kazakhstan to date. They
differ in the composition of the initial substance and the conditions of formation,
which, largely, determined their qualitative and technological characteristics.

The shales of the Kendyrlyk Formation (the Kalynkar and Best layers) have
been most thoroughly studied, the shales of the Saikansk Formation are the least
studied. High-quality schists of the “Best” layer. The average content of resin
exceeds 10%, reaching in some samples up to 27%. The distillation of the resin
showed the possibility of using shale to produce artificial fuel. Earlier, we studied
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the thermodynamic analysis of gasification and the thermocatalytic processing of
the Kenderlyk oil shale [2-5]. In the present work, the influence of various factors
on the hydrogenolysis of the shale of the Kenderlyk field was studied.

Experiment. The work was carried out by researchers from the Research
Institute of New Chemical Technologies and Materials and the Moscow State
Mining University

As a raw material for hydrogenation, samples of oil shale of Kvarts JSC were
applied, additionally enriched by flotation and centrifugal separation in heavy
liquids. Shale concentrates had a particle size of less than 0,1-0,2 mm, contained
(wt. %): W* —1,2-1,3; AY-18-22 (including carbon dioxide 2,4-2,5); S4-1,7-1,8.
The elemental composition of the samples was the following (% on daf):
C - 74,2-747; H — 8,9-9,0; S — 1,2-1,4; N — 0,4-0,5; O — 14,5-15,0. Heat of
combustion of oil shale Q*f was 31,5-33,4 kJ/kg.

Shale paste consisting of 40 wt.% shale and 60 wt.% liquid shale product
with a boiling point above 300-320 °C, obtained in the process itself and during
the pyrolysis of liquefaction residues was subject to hydrogenation. 0.5-3.0%
catalysts were added to the paste, the corresponding polymetallic ores containing
Fe, Ni, and Ti were used.

Hydrogenation was carried out at the Research Institute of New Chemical
Technologies and Materials in an intensively shaken reactor with a volume of
0.2 liters and at Moscow State Mining University in a bench-type flow-through
unit with a reactor volume of 0.8 liters, and the processing of slurry (the
remainder of shale liquefaction) by pyrolysis in a flow unit with a moving
downward layer of a solid coolant. The capacity of the unit was 3-10 kg of raw
materials/h [9-14].

The results of the thermocatalytic hydrogenation of Kenderlyk shale in the
intensively shaken reactor are shown in table 1.

Table 1 — Characterization of the process of thermocatalytic hydrogenation of Kendyrlyk shale.
Ratio shale : pasteurizer — 1 : 1,5; Pressure, MPa — 8,0; Duration, min. — 15;
Catalyst - Bauxite -094, wt.% —2,0; A~ 15,0

Process indicators Temperature, °C

410 420 440
Degree of transformation of OMS, wt. % 83,2 84,5 82,2
Hydrogen in the reaction, wt. % 0,8 1,2 1,5
The yield of liquid products, wt. % 50,3 49,7 46,2
With boiling point higher 320 °C 27,2 28,4 29,5
The remainder with boiling point higher 320 °C 23,1 21,3 16,7
Gas, wt. % 10,3 11,4 12,1
Water, wt. % 7,6 7,8 8,0
Coke on the mineral part, wt. % 2,5 2,9 3,6
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According to table 1, the nonlinear regression method was used to determine
the dependence of the yield of liquid products during the hydrogenation of shale
on the temperature T and the degree of transformation of the OMS W:

YLP (T,W) = 0,18T + 0,49W — 0,0019 - T - W (1)

It was shown (figure 1) that the temperature dependence of YLP to the tem-
perature is extreme, and the data in table 2 indicate that the function of YLP
(T, W) satisfactorily reproduces the experimental data.

YLP, wt 3o
51

324

53

450 T ¢

B8 35 g g

N

Figure 1 — Influence of temperature and the degree of transformation of OMS
on the yield of liquid hydrogenation products

Table 2 — Comparison of experimental and calculated data on the yield of liquid products
as a function of temperature and degree of transformation
(shale: pasteurizer = 1: 1.5, T= 15 min, P = 8.0 MPa, catalyst - bauxite No. 094)

];Zﬁf:: W:th. The yg:rlgd(l)lfctg’tihquld A = (exp.—calc.) 100‘?//exp.,
°C ’ experiment calculation ’
410 83,2 50,3 55,0 -5 -10
420 84,5 49,7 54,0 -4 -8,0
440 82,2 46,2 52,0 -6 -13,0

The obtained results indicate that the temperature has a significant effect on
the indices of the hydrogenolysis of oil shale. In the temperature range 410-440
°C, the degree of transformation of the organic mass of shale reaches 82.2-84.5%,
with increasing temperature, an increase in gas production and hydrogen con-
sumption is observed from 0.8 to 1.5 wt. % as a result of the destruction of the
fraction with a boiling point above 320 °C, the content of which in hydrogenate
decreases from 23.1 to 16.7 and the content of gasoline and diesel fuel increases.
The content of coke on the mineral part is insignificant, but increases in the
studied temperature range from 2.5 to 3.6 wt.%.
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A similar effect on the process of hydrogenolysis of shale has an increase in
the reaction time to 30-45 minutes. The data characterizing this fact are summa-
rized in table 3.

Table 3 — Hydrogenolysis of Kendyrlyk shale. Ratio shale : pasteurizer 1 : 1,5; Pressure,
MPa — 8,0; Temperature — 410 °C; Catalyst - Bauxite -094, wt. %. —2,0; A*-15,0

Process indicators Duration of experience, min
15 30 45
Degree of transformation of OMS, wt. % 83,2 84,7 87,2
Hydrogen in the reaction, wt. % 0,8 1,35 1,7
The yield of liquid products, wt. % 50,3 49,8 49.4
With boiling point higher 320 °C 27,2 29,6 30,1
The remainder with boiling point higher 320 °C 23,1 20,2 19,3
Gas, wt. % 10,3 11,5 12,6
Water, wt. % 7,6 7,9 8,2
Coke on the mineral part, wt. % 2,5 2.8 3,9

The function describing the total YLP G (¢, W) as a function of the duration of
the experiment ¢ and the degree of OMS conversion W, is as follows:

G(t, W) = -0,27t +0,59W + 0,0030 - t - W )

The reproducibility of the function is given in table 4, and its graph in the
three-dimensional coordinate system is shown in figure 2.

We have studied the effect of pressure on the indices of hydrogenolysis in
the interval 4-8 MPa. The results are shown in table 5.

With increasing hydrogen pressure in the range from 4.0 to 8.0 MPa, the
degree of transformation of the organic mass of shale increases by almost 20%,
and the amount of hydrogen involved in the reaction doubles, the yield of liquid
products, gas, water increases, i.e. the process of hydrogenolysis of Kendyrlyk
shale intensifies, the content of gasoline and diesel fuel increases. The hydrogen
pressure above 8 MPa does not have a significant effect on the process indicators.

Table 4 — Comparison of the experimental and calculated data on the yield of liquid products
as a function of the duration of the experiment and the degree of transformation
(T=410°C, P =8.0 MPa, shale: pasteurizer = 1: 1.5, bauxite catalyst No. 094)

of g:g:ﬁggce W(,%wt. The yifrlgd?iisfaokhqmd A = (exp—calc.) 100'?/2exp.,
min experiment | calculation
15 83,2 50,3 49,0 1 2,0
30 84,7 49,8 50,0 0 0
45 87,2 49,4 51,0 -2 -4,1
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YLE. wt o

Figure 2 — The graph of the dependence of YLP on the duration of the experiment
and the degree of transformation of OMS

Table 5 — Characteristics of hydrogenolysis of Kendyrlyk shale depending
on the pressure of the process. Ratio shale : pasteurizer 1 : 1,5; Temperature — 420 °C;
Experiment duration — 15 min; Catalyst - Bauxite -094, wt. %. —2,0; AY-150

The hydrogen pressure
Process indicators in the reactor volume, MPa

4,0 6,0 8,0 9,0 10,0
Degree of transformation of OMS, wt. % 64,1 76,3 83,2 84,1 83,1
Hydrogen in the reaction, wt. % 0,4 0,6 0,8 1,1 1,0
The yield of liquid products, wt. % 40,2 47,1 50,3 50,3 49,9
With boiling point higher 320 °C 18,4 19,3 27,2 274 26,9
The remainder with boiling point higher 320 °C 21,8 27,8 23,1 22,9 23,0
Gas, wt. % 6,8 8,9 10,3 11,0 10,5
Water, wt. % 5,7 6,8 7,6 7,8 7,8
Coke on the mineral part, wt. % 1,8 2,1 2,5 2,5 2,5

According to the data in table 5, hydrogen in the series of experiments varies
insignificantly (from 0.4 to 1.1), so the total YLP can be represented as a function
of G (P, W) from two variables: pressure (P) and degree of OMS transformation
(W). Mathematical processing of the data of table 5 by the method of nonlinear
regression showed the following relationship:

G (P,W)=4876-P +0,5408W - 0,05184 - P - W 3)
Table 6 shows the data showing the reproducibility of the experimental data
G (P, W), and figure 3 shows its graph, which clearly shows the dependence of

the YLP in the hydrogenolysis of the Kenderlyk meteorite shale on the pressure
and the degree of OMS transformation.
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Table 6 — Comparison of the experimental and calculated data on the yield of liquid products
as a function of the pressure of the process and the degree of conversion
(T =420°C; t =15 min; shale : pasteurizer = 1:1,5; Catalyst - Bauxite Ne 094)

The yield of total liquid
Pre:srl(l)rcee,slf/[Pa WZ%WL ] products, % ; A = (exp.—alc.) loo.é/iexpw
experiment calculation
4,0 64,1 40,2 40,88 -0,68 -1,692
6,0 76,3 47,1 46,79 0,31 0,6582
8,0 83,2 50,3 49,50 0,80 1,5900
9,0 84,1 50,3 50,12 0,18 0,3579
10,0 83,1 49,9 50,62 -0,72 -1,443
YLE. wt3n

&0 70 0 LK
W,k 2 F. 28
Figure 3 — Graph of the YLP function (P, W)

Conclusion. Thus, the analysis shows that during the hydrogenolysis of
shale of Kenderlyk deposit, the temperature and duration of the experiment do not
have a significant effect on the yield of liquid products, and increasing the
hydrogen pressure in the interval from 4.0 to 8.0 MPa leads to an increase in YLP
from 40.2 to 50.3 by weight %. The hydrogen pressure above 8 MPa does not
have a significant effect on the process indicators.
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PI'TI Ka3axckuii HalMOHAIBHBIN YHUBEPCUTET UM. anb-Papadu,
AI'TTI HUN HoBeIX XUMHUYECKUX TEXHOJIOTHI U MaTepuanoB, Anmatsl, Kazaxcran

BJIMAHUE PA3JIMYHBIX ®AKTOPOB HA THIPOT'EHOJIN3 CJIIAHLIA
MECTOPOXIEHUA «KEHIEPJIBIK»

B nacrosmeit pabore mpuBeAeHB! PE3yNIbTAThl MCCICIOBAHUN 110 THAPOTCHU3AINT
KeH/BIpIIBIKCKOTO TOPIOYEro CllaHIa Uil MOJYYEeHUs] KOMIIOHEHTOB MOTODHBIX TOIUIHB,
OLICHKA COCTOSIHHS M TEPCIEKTUBBI NPUMEHEHUSI METO/a TUIPOTESHHU3AINH 0] HEBBICO-
KHM JIaBJIeHHEM Bogopoaa. [1o skcrepuMeHTanbHbIM JaHHBIM, METOJIOM HEJIUHEHHOH pe-
IPECCHU OIIPEACIICHbl 3aBUCUMOCTH BBIXOa KHIAKHX NpoaykToB (BXKII) ot Temmeparypsl,
JaBJICHHS M TPOJOJDKUTENBHOCTH OIbITa. [l0Ka3aHO, 4TO yBEJMYEHHE TeMIEpaTyphl H
MMPOAOJLKUTCIIBHOCT BPEMEHU OKCICPUMEHTA HE OKa3bIBAIOT 3aMCTHOI'O BJIMSAHHUC Ha
HOKa3aTeI TUIPOTeHONN3a CJIaHI@a, a C MOBBIICHUEM JaBJICHHS BOZOPOAA B MHTEpBAje
ot 4,0 1o 8,0 MIla Ha 20% yBenMuHBaeTCS CTEIEHB MPEBPAIICHUS OPraHUIECKON MacChl
cnania (OMC) 1 KoJIMYECTBO BOBIEUEHHOIO B PEAKIIMIO BOJOPO/Aa YBEIHMUMBACTCA B JBa
pasa, HapacTaeT BBIXOJ] XXHKUX IIPOAYKTOB, I'a3a ¥ BOJIBI.

KaioueBsble cjioBa: rHapOreHONN3 CIIaHIA, BBIXO XKUAKUX MPOAYKTOB, KeHaepibIk,
OOKCHT, OpraHryecKasl Macca CJIaHIla, CTETICHb IPEBPAILCHNSI.

Pe3rome
K. K. Kaupbexos, H. M. [{xcenovibaesa, d. T. Epmonouna

PMK on-®apabu areinaarst Kazak YITTHIK YHUBEPCUTETI
EMK Kana xuMusIbIK TeEXHOJOTUsUIap KoHe Matepuanaapasl F3U, Anmatel, Kasakcran

«KEHJEPJIK» KEH OPHbBI TAKTACBIH TMAPOI'EH/JIEYTE
OPTYPJII ®DAKTOPJIAP/IbIH OCEPI

Bepinren >xympicra KeHnepnik KeH OPHBIHBIH JKaHFBIII TaKTATaChIH T'MIPOTCHACY
apKbUIBl MOTOP OTBIHJIAPBIHBIH KOMIIOHEHTTEPIH ajly HOTWXKeNepi, Kyinai Oaraimay MeH
CYTETIHIH TOMEH KBICHIMBIHJA THIPOTEHJICY 9JIICTEPiH KOJIaHy OoJiallarkl KOPCETIIreH.
3epTTey HOTHXKEIEepi OOMBIHIIA CHI3BIKTBHIK €MEC pEerpeccust dfici apKbUIbI CYHBIK OHIM-
nepai mWeFBIMBIHBIH (COILL) Temmeparypara, KbICBIMFa XOHE TOXKIpPMOCHIH Y3aKThHI-
JIBIFBIHA TOYCNIUTIKTEpl aHBIKTadFaH. HoTmwxkeciHne TtemmepaTypa MeEH ToXipnOeHiH
Y3aKTBUIBIFBIH JKOFAPBUIATY TAKTACTHI TUIPOICHACY KOPCETKIIITEepiHe aiTapibIKTai acep
eTrelmi, ax cyTekTiH KbIchIMBI 4,0-TeH 8,0 MIla apanbireiHIa JKOFapantaraH CailblH Tak-
TacTHIH opraHukaiblK canMarbiHbH (TOC) aitHamy mopexeci 20 % >KoFapbUIaiabl jKOHE
CYJbIH, Ta3](blH, CYWbIK OHIMICP/IH IIBIFBIMBI, PEAKIUsIFa KIPICKEH CYTEKTIH MeIepi
2 ece JKOFapbUIaiiIbL.

Tyiiin ce3aep: TakraTacThl THAPOTeHACY, CYWBIK OHIMICP/IH HIBIFbIMBI, Kenaepiik,
OOKCHT, TaKTaTaCThIH OPraHUKAJIBIK CaJIMarbl, aifHAITy Aapexeci.

215



XUMWYECKHH )KYPHAJI KA3AXCTAHA

VK 677.027
K. ZH. DYUSSENBIYEVA

Almaty technological university, Almaty, Republic of Kazakhstan

SAFETY OF TEXTILE MATERIALS TREATED
WITH ANTIMICROBIAL AGENTS

Abstract. The article is devoted about development of cellulose textile materials by
sol-gel method, using safe antimicrobial agents. The influence of the sol-gel composition
on the physical and mechanical properties and safety indices of textile materials were
studied. Comparison obtained burst load data processed materials showed that a gelatin-
based composition have reduced burst load parametersthan liquid glass . According to the
results of the study, titanium dioxide has the lowest antimicrobial activity than zinc chlo-
ride. Optimal technological regimes for the production of antimicrobial cellulose textile
materials have been developed.

Key words: sol-gel, ecological safety, antimicrobial activity, final finishing of tex-
tile materials, sodium metasilicate, gelatin, titanium dioxide, zinc chloride.

Introduction. The problem of clothing security is most relevant for the
population. In addition, the trend of increasing use of materials from chemical
fibers and threads, as well as their chemical finishes, along with economic advan-
tages, also carries serious risks to human health.

A serious problem for the hygienic assessment of modern textiles is textile-
auxiliary substances, the main component of which is formaldehyde, which
belongs to the second class of danger, has a general toxic, irritant, allergenic, mu-
tagenic, carcinogenic effect, causes damage to the central nervous system, lungs,
liver , kidneys, organs of vision. The concentration of free formaldehyde in tis-
sues exposed to additional final finishes with preparations based on precon-
densates of thermosetting resins is especially great. The allocation of chemical
volatile substances in this case should not exceed the standards specified in TR
TS 017/2011 "On the Safety of Light Industry Products".

The creation of materials with new preset properties is possible on the basis
of chemical, colloidal processes. The technology of obtaining materials with
certain chemical and physico-mechanical properties, including obtaining the sol
and transferring it to the gel. Today's sol-gel technology is a way of obtaining
multicomponent gels of high homogeneity and purity with the subsequent con-
version into gel into: films, fibers, powders, monolithic, porous products [1].

Analysis of the literature showed that the sol-gel method in the final finishing
of textile materials, as well as the safety study of these materials is still at the
study stage.

In this regard, the development of a technology for the production of anti-
microbial cellulosic textile materials and the study of the safety of these materials
treated with antimicrobial preparations using sol-gel technology [2, 3], which
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simultaneously will not only reduce the resource costs, the availability of reagents
and equipment, is topical.

Safety of light industry products is estimated by the following indicators:

— mechanical (breaking load, strength of fastening, flexibility, impact
strength);

— chemical (the maximum permissible release of harmful chemicals into the
air and (or) aquatic environment, the list of which is determined depending on the
chemical composition of the material and (or) the purpose of the product);

— biological (hygroscopicity, air permeability, water resistance, electrostatic
field strength, toxicity index or local irritant effect, color stability).

To obtain antibacterial textile materials, antimicrobials and conditions for the
synthesis must be appropriately selected. Using appropriate synthesis conditions
and careful selection of biocides, a large amount of biocide can be incorporated
inside the silica matrix, so that the biocide becomes effective [4, 5].

MATERIALS AND METHODS

Materials. The object of the study was 100% bleached cotton linen fabric
with article 1030 and a surface density of 147 g/ m’.

Preparation of samples. For the sol-gel composition the following
components were chosen: liquid glass concentration 5-10 g / 1, gelatin 10-20 g /1,
titanium dioxide, zinc chloride concentration 5-10 g / I, water solvent. After stir-
ring the solution for 5-7 minutes, HNO3 3-5 ml / | or sodium carbonate 10-15 g /1
(in portions) was added to the magnetic stirrer at room temperature, to a pH
of 10-11.

Then, impregnation of tissue samples was carried out at room temperature
for 2-4 minutes. After impregnation, the tissue was squeezed to a weight gain of
90-100%. Further, the samples were dried in a oven for §-10 minutes at 70-90 °C.
The heat treatment was carried out at temperatures of 100, 125, 150 ° C for two
minutes.

Research methods. The tensile strength of the fabric was measured on a
tensile machine RT-250M (Russia) in accordance with GOST 3813-72. "Textile
materials. Fabrics and piece goods. Methods for determining tensile properties of
tensile properties".

According to GOST 9.060-75 Unified system of protection against corrosion
and aging. Fabrics. "The method of laboratory tests for resistance to microbiolo-
gical destruction determined the biostability of tissues in laboratory conditions".

In accordance with GOST 12088-77 "Textile materials and products made of
them". The method for determining air permeability was carried out on a machine
MT-160 (Russia).

Determination of low-fissility of the fabric was carried out on a machine
MT-022 (Russia) in accordance with GOST 19204-73 "Textile fabrics. Method
for determination of non-rupture".
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RESULTS AND DISCUSSION

It is known that the finishing or coating of fibers can reduce the resistance of
the tissue to rupture, so studies have been carried out to identify this fact, and the
biostability of tissues in the laboratory has been determined, the results are shown
in table 1.

Table 1 — Parameters of the absolute breaking load of the modified samples,
kgf before and after biodegradation

Concentration The Heat The absolute breaking load, kgf
Ne of components treatment, ducks the substrate
catalyst oC
F L F L
17.6 43.1 17.3 26.7
100
17.2 38.2 16.4 28.1
1 | TiO/ZnC, | Na,SiO; . 16.3 25.1 18.7 30.1
5g/L 5-10 g/L 168 | 267 | 184 | 33.1
14.8 42.6 19.4 42.4
HNO; 150
3-5m/L, 14.1 39.2 18.3 29.9
NaHCO; 17.8 38.6 18.4 48.4
10-15 g/L 100
18.1 39.1 17.4 49.6
2 | TiO,/ZnC, | Xenatuu 195 13.2 37.8 20.2 56.1
5gL 20 g/L 128 | 362 | 182 | 49.1
13.1 41.7 17.8 37.9
150
12.0 40.2 16.2 58.7
3 Untreated sample 13.8 45 14.1 39.3

The obtained burst load data in comparison with liquid glass and gelatin
showed that the processed materials with a gelatin-based composition have
reduced burst load parameters, possibly due to an increase in the gelatin
concentration to 20 g / L, a liquid glass concentration of 5-10 g / L, or a different
the structure of precursors affecting textile material.

With increasing heat treatment temperature, the breaking load of the treated
fabric is reduced. This is due to the fact that in the process of polymerization of
the nanoscale solution and the formation of a polymer film on the fiber, the
mutual mobility of macromolecules decreases.

Two antimicrobial agents were used, according to the results of the study,
titanium dioxide has lower antimicrobial activity results than zinc chloride. This
is evidenced by the results of the burst load after biodestruction, the strength
indexes decreased by 3-5%.

Mildewedness was estimated from the total opening angle of fabric folds on
the basis and weft in accordance GOST 19204-73 on the SMT instrument. The
results are represented in table 2.

218



ISSN 1813-1107 MNe 3 2018

Table 2 — Effect the concentration of components of the composition
on indices of low crumeness of cotton fabric

Heat treatment, °C
No Concentration Catalyst
- of components 100 125 150
ducks the ducks the ducks the
Ti0./ZnCl | Nas SiO HNO, substrate substrate substrate
1| sgL | sl0gL |3-SmUL| 125 | 95 | 115 | 90 | 105 | 95
NaHCO3
10-15 /L 220 205 200
Ti0,/ZnCl, | HKenarmn 120 | 115 | 115 105 | 105 | 95
2 5glL 20 g/L 235 220 200
ducks the substrate
3 Untreated sample 105 95
200

The analysis of the results showed that in the samples treated with the
proposed compositions, compared to non-impregnated tissue, the low-crease
results are increased. With an increase in the concentration from gelatin to 20 g
/L1, the result of low crushing was 235 degrees, with a slightly higher temperature
of heat treatment.

For many textiles, air permeability of the fabric is an important property, and
studies have been carried out in connection with this. The results are shown in
table 3. Based on the results obtained, it has been shown that the treatment of
cellulosic materials using a sol-gel method based on liquid glass and gelatin does
not lead to disruption of air and steam exchange, does not prevent the transport of
moisture vapors from the surface of the human skin to the outer surface of mate-
rials, which ensures the maintenance of normal functions of thermoregulation of
the human body.

Table 3 — Indices of air permeability of processed samples

The catalyst Air permeability, dm*/m*s
No The concentration Heat treatment, °C
of the components
100 125 150
. - HNO; 3-5 mn/n

TIOZ/Zl’lclz Naz SlO3 3 ’
1 S/l 5-10 g/l NaHCO; 10-15 g/L 169,9 168,1 162,5
y | TOSZnCl | itin 20 gL 168,5 167,3 166,8

5g/L

3 Untreated sample 166
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Conclusion.

1. Modified cellulose textile materials were taken using safe antimicrobial
preparations with a sol-gel method;

2. When the temperature is raised to 150 ° C, a certain decrease in the
strength parameters is observed. The results of the burst load after biodegradation
showed a decrease in strength parameters by 3-5%;

3. Based on the results of the study, titanium dioxide has lower antimicrobial
activity values than zinc chloride;

4. Studies of air permeability showed that with increasing temperature and
concentration of liquid glass and gelatin, a slight decrease in air permeability
occurs from 169.9 at 100 °C to 162.5 at 150 °C;

5. According to the results of the study of low-purity, it has been established
that with an increase in the gelatin concentration to 20 g / L, the indices increase
from 200 degrees to 235 degrees.
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Pe3ome
K. K. [ltocenbuesa

AHTHUMUKPOBTHIK ITPETTAPATTAPMEH ©H/IEJIT'EH
TEKCTUJIb MATEPNAJIIAPBIHBIH KAVIIICI3AIT'T

Cratnsiga 307b-Teb 9JiCiH KOJIaHy apKblIbl aHTHUMHUKPOOTHIK IEIUTION03aIBIK MO-
IUUIUpPICHTeH TeKCTIIIh MaTepHaIIapblH aly Tocimi jka3purFad. Kayirnciz mpenaparrap
apKBUIBl IEJUTIONO3AIBIK MOJU(DUIIMPICHTEH TEKCTWIb MaTEpHANJApPBIH ally TEXHOJIO-
THACHI Kacayupl. ¥ ChIHBUIFAH TOCUI MakTa MaTa YITUIEpiH 307b-T€lb KOMITO3UIUSICHIHA
CIHJIpIN, COJaH KeiiH KeNTipy KoHe TePMHSIIBIK OHJICYACH OTKI3YICH TYpabl.

MoaubunupieHreH yariepaiy OepikTirine *oHe MHKPOOUOIOTHSIIBIK TYPAKThIIbI-
FBIHA HIBIHBI CYWBIKTBIFBI MEH JKEJIATUH KOHIIGHTPALMSICHIHBIH dcepi 3epTTesii. Ammper-
TEy YIUiH ONTHMAJIbABI KeJIECiIel mapaMeTpiiep YCHIHBULABL: CYHBIK HIBIHBI KOHIIEHTpA-
ekl 5-10 1/71, a30T KBIIIKBLUIBI KOHIICHTPAIMSCH! 3-5 MII/JI, IWHK XJIOPHUJII KOHIICHTpa-
musichl 5 T/71 JkoHe TepMmoeHzey Temmeparypacel 125 °C. YKacanplHFaH TEKCTHIb Mare-
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pHAIIapBIH OHJICY TEXHOJOTHSICH TEKCTHIIb MATCPUAIIAPBIHBIH TUTHCHAIBIK KOHE 3KC-
IUTyaTalMOHIBl KACUCTTEPIH CAKTaill OTHIPHIN aHTUMHUKPOOTHIK OCICEHILTIKTI KaMTachi3
eTe.

Tyiiin ce3mep: 307b-Telb, SKOJIOTHUSIIBIK KAYINCi3/iK, aHTUMHKPOOTHI ©HJIEY, TEKC-
THJIBMaTEepUAIIAPBIH COHFBI OHJICY, HATPUH METACHIINKATHI, )KEATHH, IIIHK XJIOPHUII.

Pe3iome
K. 2K. [llocenbuesa

BE3OITACHOCTDB TEKCTUJIbBHBIX MATEPUAJIOB,
OBPABOTAHHbBIX AHTUMUKPOBHBIMU ITPETTAPATAMU

Onwucan croco® TOJyYeHUS] aHTHUMHKPOOHBIX LEJUTIOJIO3HBIX TEKCTHIIBHBIX MaTe-
pHaJIoB ¢ IPUMEHEHUEM 30JIb-Tellb MeToza. Pa3zpaboTaHa TeXHOIOTUsSI MOAN(DHUIIUPOBAHUS
C TIpUMEHEHHEeM 0e30TacHbIX NpenaparoB. [IpeiokeHHbIH CIocod COCTOMT B MOCIHEN0-
BaTEIHLHOM MPOMHUTKE 00pa3loB XJI0MYaTOOyMaKHOH TKAaHHW B 30JIb-Te€JIb KOMITO3HIMH C
TIOCIIEAYIOIIEH CYIIKOI M TepMUUECcKOil 00pabOTKOIA.

HccnenoBaHo BIHMSIHUE KOHIEHTPAIMH JKUIKOTO CTEKJIA M JKENaTHHA HA yCTOWYH-
BOCTh K MHUKPOOHOJOTHYECKOMY pa3pylICHUIO U MPOYHOCTHBIE CBOMCTBA MOAUMHUIMPO-
BaHHBIX 00pa3ioB. BBISABICHO, YTO ONTUMAIBHBIMU MapaMeTpaMH Ui ANNPETUPOBAHUS
SIBJISTIOTCSI: KOHIICHTPANUs JKUAKOTO cTekia 5-10 1/71, KOHIIEHTpAIUs a30THOW KHCIOTHI
3-5 MU/, KOHIIEHTPAIMS XJIOPUAa [IMHKA 5 T/ U Temieparypa Tepmoobpadorku 125 °C.
Pa3pa60TaHHa$[ TEXHOJIOTUA OTACIKU TCKCTHUIIBHBIX MaTCpHajiOB oOecrieunBaeT aHTH-
MHUKPOOHYIO aKTUBHOCTH TEKCTHJIBHOIO Marepuajia C COXPaHCHHEM THTHEHHYECKUX H
9KCIUTyaTal[HIOHHBIX CBOWCTB..

KnioueBble cioBa: 30ib-Tenb, JKOJOrMYecKass O€30MacHOCTb, AHTUMHMKPOOHAs
AKTHBHOCTb, 3aKJIIOYHUTENIbHAS OT/IENIKA TeKCTWIIFHBIX MaTepHaoB, METACHINKAT HATPHS,
JKEIIATHH, TAUOKCH]] TUTaHa, XJOPH/] [INHKA
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VJIK 547.495.2:631.559.2:633.511
C. YCMAHOB

AO «MHCcTHTYT XNMMHIYecKnX Hayk MMeHH A.B. bextypoBa», Anmartsl, Pecry6nmka Kazaxcran

IATH I'VIOBAJIBHBIX BBI3OBOB XXI BEKA
U NMPEJJIOKEHUSA 11O UX PEHIEHUTO

AHHoTanusi. B 0030pHO#1 cTaThe paccMaTpuBarOTCs MATh TIIOOATBHBIX BBHI30BOB
XXI Beka, obo3naueHHblie ['aBoit ['ocymapcTsa, KacaTeabHO OOCCICUCHUS MPOIYKTAMHU
MTUTaHKS HaceJeHHs Hallel TIaHeThl — yrpo3a r1o0anbHO MPOoI0BOJILCTBEHHOMH Oe3omac-
HOCTH, MCYEPIIaeMOCTh PECYPCOB W JIerpajalusi 3eMellb, IpoOiIeMbl KOPMOBOH 0a3bl U
MacTOMII /sl )KUBOTHOBOJICTBA, OCTPBIM A€(DUIMT BOJBI, TJ00aNbHAs dHEpreTHdecKas
6€301acHOCTb, HEZOCTATKH BTOPOH M TpeThel MHIyCTpHanbHOW peBoironnu. [Ipencras-
JISFOTCS TIPEJUIOKEHNUS 110 UX PEIICHHIO.

Ha ocHoBaHMm nOCTOBEpHBIX pe3ynbTaroB HccienoBanuii (2003-2016 rr.), mpose-
JCHHBIX B CIEIMAIN3UPOBAHHBIX WHCTUTYTAX, OMBITHBIX, OIBITHO-POM3BOACTBEHHBIX
paboT, a Takke IPUMEHEHHSI HOBOTO TIOKOJICHHUS (PUTOOHOMpEnapaToB — MUKPOOHOyH00-
pernst MOPC B Pecniyonmuke Kazaxcran Ha mmomaan 6oxee 3 muH. ta (2003-2017 TT.),
T'ocymapctee Typkmenuctan - 90 Thic. Ta (2015-2017 rr.), PecniyOnuku Y30exkucran B
9-tu obnactsax (2013, 2014, 2017, 2018 rr.), B 6-TH cyObekTax Poccuiickoit denepammu
(2013-2014 rr.) mukpobuoynobpenus MOPC, ycraHOBIIEHO:

— mojydeHHe Ha ()OHE MHUHEPAIBHOTO IMUTaHHS, JONOJHUTEIBHOTO ypoXKas spo-
BOI MSATKOW TIICHHIIBI HAa OOTapHBIX 3eMJISIX - 3—3,5 1i/ra, HA MOJMBE XJIOMKA-CHIPIA -
10-20 1/ra, kaprodens n oBomebdaxueBbx KynbTyp — 150-300 1/ra, MIom0BBIX W BHHO-
rpagauka — 100-150 1/ra, kopmoBbix — 100-150 1/ra;

— TIOBBIIICHUE YPOXKAHHOCTH C/X KYJIBTYp HPH CHIDKCHHH HOPMBI MHHEPaJbHBIX
ynobpennii B 1,5-3 pa3za, nedunure NOIMBHOMN BOIBI M MOUYBeHHOU Biard B 1,3 u 1,7 pa3sa,
3aCOJIEHHOCTH 3eMelb, cyxoBeeB Ha 150-300%;

— TIOKPBITHE, 33 CUET pean3aldy JOMOIHUTEIBHOTO ypOXKas, MOJHBIX 3aTpaT BO3-
JenbIBaHus ¢/X KyapTyp Ha 30-100% u Ooee;

— HaKOIUICHHE B MOYBE IOCJIC YOOPKHU IOIMOJHHTEIBHOTO ypokas 38-40 kr/ra yc-
BosieMbIX (popm NPK nurarensHbIx a5eMeHToB U 5-20 T/ra OpraHuku.

[Mony4eHHbIE pe3yabTaThl SBISIOTCS OCHOBOM PEIICHHS ISITH III00AbHBIX BHI30BOB
XXI Bexa.

KaroueBsie cioBa: mukpoduoynodpenne MOPC, mpomoBosnbcTBeHHast Oe3omac-
HOCTb, JETPajalys 3eMelb, IpoOJIeMbl KOPMOBOM 0a3bl M neduiTa BOIbI, TI00anbHAas
SHepreTrveckas 6e30MacHOCTh, HEJOCTATKH NIEPBOM, BTOPON U TPEThel MHILYyCTPHAILHOM
PEBOJIOIHIA.

Brenenue. OOecrnieueHre BCEBO3PACTAIOIIETO HACEICHUS HAIllCH IUIAHETHI
MOJTHOICHHBIMHU MPOJyKTamMu NUTaHus B X XI-M Beke sABISETCS BeChbMa aKTyaslb-
HBbIM, JJI1 KOTOPOTO HMHHOBAIIMOHHOE Pa3BUTHE ATPONPOMBIILICHHOIO KOMII-
JIeKca, ¥, B YaCTHOCTH, MPOU3BOJCTBO PACTEHHEBOJICTBA, UIMEET OOJbIIOE 3HAUE-
Hue [1].

XuMH3anusi TPOHM3BOJCTBA PACTCHUEBOJICTBA, B YACTHOCTH NPHUMEHEHHE
MUHEPAJIbHBIX YJIOOpEeHWH, NpUBEIa K Yyrpo3e MOTEPU IPOJAOBOJILCTBEHHOU
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6e3onacHoctd ['ocyaapcTB, OCHOBHON MPUYMHOW KOTOPOW CTallM: Jerpaianuu
3eMellb; CHKEHHE I'yMyCa; yXyALUIEHHE SKOJIOTHUH MOYBHI [3].

[Ipesunent Pecnyomuku Kazaxcran B cBoem OOpamenun k Hapoay Kazax-
CTaHa OTMEYACT, UTO 800d - Kpaline 02panuyeHnblil pecypc, © 6oprda 3a obmana-
HUE €€ MCTOYHMKAMH YK€ CTaHOBHTCS BaXHEUIIMM (aKTOPOM T'€OTONUTHKH U
KOH(IUKTOB Ha ruiaHere. Jeduuur Boabl B HeauekoM OyIylieM MOXKET cO3JaTh
OosplIKe POOIIEMBl B METAIIONNCAX U B IIOJINBHOM 3€MJIC/ICIINU.

Jnsa pemieHus BwllenpuBeAeHHBIX BbI30BOB XXI Beka AO «MHCTUTYT XU-
Mudeckux Hayk uMmeHu A.b. bextypoBa» coBmectHo ¢ TOO HayuHo-npoussoa-
cTBeHHOE OoOBemmHeHUE «AHa JKep» pazpaboTasio HOBOE ITOKOJICHHE (HUTO-
OouonpenaparoB — Mukpoouoymoopenne MOPC, addext nelcTBUS KOTOPOTO
OCHOBaH Ha HCIOJIB30BAaHUM HewcdepraeMol OecIiaTHON SHEpruH MOYBEHHBIX
MHUKPO- U MaKpOOPTaHM3MOB, YTO SBJSIETCS HOBBIM HaIpaBICHHEM B obecre-
YEHUH MPOAYKTOB IMUTAHUS HAceICHUS Hallel maHeTsl B X X1 Beke [2, 4].

NuBectupoBanne MOPC B pacrenueBoctBo Pecryonuk Kazaxcran n Y30e-
kuctal, l'ocymapctBa TypkMeHHCTaH MOMKET SIBUTHCSI OCHOBOW BBIIIOJHEHHS
HamnpaBJIeHUH - Pa3BUTHSA W JMOEpaN3alliid SKOHOMHUK, Pa3BUTHS COIMAIBLHON
chepsl «Ctparernu ACHUCTBHI MO JallbHEWIIEMYy pa3BUTHIO rocynapcTB LleH-
TpanbHOH A3un Ha 2019-2023 rogs!.

PE3VJIbTATBI 1 X OBCYXXJIEHW A

AHAJIN3 NATH IJ100aJbHLIX BEI30BOB X XI Beka m 3a1a4
«Crtpareruu «Ka3zaxcran — 2050»

[Ipesunent Pecrryonmuku Kazaxcran H.A. Hazapbaes B oOpamennn Kk Hapo-
ny Kazaxcrana ot 14 nexabpst 2012 roma oTMeTun 5 riI0OaIBHBIX BBI30BOB
XXI Beka, CBS3aHHBIX C OOCCIICYCHHEM BCEBO3PACTAOIIETO HACEIICHUS Hallleh
IJIAaHETHI TPOYKTAaMU TTUTAHHUS.

B INocnanuu Hapoxy Kazaxcrana ot 17 staBapst 2014 roga aiis oGecriedeHus
mporpecca CTpPaHbl OH BBIACIMI CICAYIOIIEe: 32 CUET BHEAPEHHUS HAYKOEMKOM
MOJENN 3KOHOMHKHU YBEIU4UTh N0 70% SKCHOPTHBIA HOTEHUHUAT HECHIPbEBOU
MPOAYKIMK; B JIBa pa3a CHU3UTHh DHEPTOEMKOCTh BaJOBOTO M BHYTPEHHETO IPO-
TyKTa; JUIS CO3/IaHUST HOBBIX TEXHOJOTUYECKUX OTPACIICH SKOHOMUKH 00CCTICUUTh
pocT puHaHCHpOBaHMS HayKH 10 ypoBHS, He HUXke 3,1% ot BBIL

1. ¥Yrpo3a rj106ajibHoii IpoA0BOJILCTBEHHOI 0€30I1aCHOCTH

s BeITONTHEHUsT TocTaBlieHHbIX 3a1ad [IpaButensctBom PK Obuto mpose-
neno Cosemanue ¢ ydactueM llpesmmenta Pecrrybmukm Kazaxcran (IIporokon
Ne 01-7.1 or 23.01.2013 1.), rae B mynkte 3.4 «Crparerus «Kazaxcran — 2050»
npenycMoTpeHo «BHeapeHne mnepeaoBOro OmbITa HCHOJIB30BAHHUS BIAro- M
pecypcocOeperaomumx TEeXHOJIOTHH, 00ecrieueHne CeIbCKOro XO3SIHCTBa ceMe-
HaMH, YJIOOPSHHUSIMU U CPEJICTBAMH 3aIIUTHI PACTCHUI.
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Hawa cnpasxa. B Mupe Hemobop yposkasi M3-3a 3aCyXH COCTaBiIsIeT Ooiee
30%, >xapkoro Betpa (cyxoseil) - 15% u u3 npou3BoAUMBIX 730 MITH. T MIIICHUIIBI
nons cinabod mmeHunsl (pypaxkHoe 3epHO) mMmeeT 3HaueHue 52-55%, (Y30e-
kuctane - 100%, Typkmenucrane - 70%, Poccuiickoit @exnepanun - 6onee 30%,
Ykpaune - 6omee 27%).

Hcnonps3yemble B pacTeHMEBOACTBE MHMHEpaIbHBIE YIAOOpEHHUS M CpelCTBa
3alIMTBl PACTEHUH MMEIOT PsAJ CYLIECTBEHHBIX HemocTaTkoB. Koadduuument
WCTIOJIB30BaHUS a30Ta TYKOB He TpeBbImaeT 35%, nmearaokcuna gocdopa — 20%.
MuHepanbHble yIOOpEHHs] U CPEIACTBa 3aIIMTBl PACTEHHH CHIKAIOT KadecTBO
CEJIbCKOXO03AHCTBEHHBIX KyNbTYyp. [loTeHIIMANM cpeACcTB MUTaHUs U 3aIUTHI pacTe-
HUI HCYepNaH U He B COCTOSHUM OOECIEeYUTh NMPOLYKTaMH NMUTaHus (TeM Oosee
KaueCTBEHHBIMH) HaceJeHne Hameil turaHeTsl B XXI Beke. Yxe k 2040 romy
Oyner HeoOXOAMMO TOBBICHTH YpPOKaWHOCTh MPOAYKIMH PAaCTCHHEBOACTBAa Ha
70%.

Ka3zaxctan mn3-3a HECBOEBPEMEHHOIO BBINAACHUS OCAJKOB 3aHMMaeT IO-
clieTHee MECTO B MUpE TI0 cOOPY 3€pHOBBIX Ha SMHUITY TTOCEBHON TUTOIIAIH.

Takxe ciemyeT OTMETHUTBH, YTO CENbXO3TOBAPOIPOM3BOAUTEISIMH HCIOIb-
3yetcss He Oonee 20% MuUHepalbHBIX YAOOpEHHH, BHITycKaeMbIx B PecryOnuke
Kazaxcran. Ilpu 3TOM 10711 MUHEPAJIbHOTO NUTAHUS B (POPMUPOBAHUHU PACTCHUN
cocraBisier He Oomee 10%, a ocraBmmecs 90% - mpuxomaTcs Ha TIOYBEHHBIE
pecypchl.

Hawu npeonooicenus: Heobxonumo co3maHue W NPOIBIKEHHE HA PBHIHOK
HOBBIX, a0COJIOTHO MHHOBAI[MOHHBIX TPENapaToB, KOTOpbIE MOTIH OBl oOectie-
YUTh: OOJIee MOJTHOE MUTaHUE M 3alUTy PAacTeHUH; MOBBIIIEHHE 3aCyX0- U Kapo-
YCTOMYMBOCTH (CYXOBEi) pacTeHHii; YBEIMYEHHE YPOKAHHOCTH CEIbCKOXO-
3SMCTBEHHBIX KyJbTYyp Ha Oorapubix 3emisix Ha 20-50%, Ha nonuse - 40-100%;
[OJIyYEHUE KAYECTBEHHOW U DKOJIOTMYECKH YACTON NMPOAYKIUH.

2. UcuepnaeMoOCTh pecypcoB 3eMellb

Hapsiny ¢ mpuponHpiMu OOraTcTBaMU MBI JOJDKHBI OEPEKHO OTHOCHUTBCS K
MOYBEHHOMY IUT0Z0poauio. Ecii MBI nomepsiem IOUBeHHOE n1000podue, TO HaM
He HyJcHbl Oy YT Hedhmb, 2a3, d1eKMpPOIHEPUSL.

[TouBeHHOE TIONOPOAME SIBISCTCS CIUHCTBEHHBIM HCTOUYHHKOM JUIS TPO-
MIUTaHMS BCETO J)KUBOTO Ha 3emie. BakHbIM B coxpaHeHNH OajlaHca B 9KOCHUCTEME
SIBIISIETCS. TIOYBCHHBIM MOKpOB. HanBHOCTH uesioBeuecTBa HET Mpezesa, MoTeps
MOYBEHHOTO IUIOOPOIUS M, COOTBETCTBEHHO, IMOYBEHHOI'O MOKPOBA OCTaHOBUT
’KM3HB Ha HAILCH TUTaHeTe.

CeronHsi U3-32 JICATENBHOCTH YeJOBEKa B MHpE TepsieTcss 26 MIPA.T B TOJ
IUIOJIOPOJTHOTO CJIOSI TIOYBHI. [IpM 3TOM €XKerogHo HaOII0AAeTCs] MHTCHCUBHBIN
mpolecc Jerpajalnu 1mous, KOTOPBIH B Hocieanue roasl ysennumnica B 30 pa3 B
CPaBHEHUU C UCTOPUIECKUM IIEPUOJIOM TOJIOIICHA.

Hawa cnpaska. dpgpexm Apana. Tlo nanaeim OOH u3-3a BeIchIXaHUS Apasa
HECKOJBKO COT MHJUIMOHOB TOHH TBUIH, TIECKA M COJIM BUTACT B BO3AYXE, H OHU
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yxxe nocturin WHawiickoro okeaHa, Hapymas skocucremy 20-25% Hamei
wiaHeTsl. M3 roga B rox maxoTHble 3emin PecryOnmku Y30eKucTaH cokpamia-
FOTCSI BCIEJICTBHE 3aHOCA UX [IECKOM H COJIBIO.

Hamu mouBbl Jouuid 10 KpUTHYECKOM TOuku. JlanmpHeiias aerpamamus
3eMeNb NPUBEIET K MOJHOW JECTPYKIMM IO4YB, U OHAa MPEBPATUTCSA B IbUIb U
BbIBeTpUTCs. B pesynbrare: 1. YemoeuectBo »xzaer ronoa. 2. IIbuib 3aTMuT
COJIHILIE, YTO NPHUBEIAET K MUPOBOI1 KaTtacTpode.

2.1. Jezpaoauusn 3emensv u Ilapnuroentit 3ghghexm u3z-3a npumenenus mu-
HepanbHbIX YOoOpenut. JIns TOBBIIEHUS YPOKaWHHOCTH C/X KYyJBTYp BO BCEM
MHpE HCTIONB3YIOT MUHEpaJbHbIE yaoOpenus. OHako MUHEpalIbHbIe yI00peHus,
0CcOOEHHO a30THBIE, PE3KO YBEIMUYMBAIOT YUCICHHOCTH OJUTOTPO(HBIX MHKPO-
OpPraHu3MoB B 5-9 pa3, KOTOpble MHHEPAIN3YIOT TYMYC M OpraHHYECKHE Bellle-
ctBa nouBkl. [Ipu BHeceHnu B mouBy 100 Kr/ra aMMHaYHON CENUTPHI IPOUCXOIUT
pasznoxkerne 250-500 kr/ra opraHUYECKUX BEMIECTB, NMPH 3TOM B Ta30BYyIO (a3y
Beiiensiercss 150-300 kr/ra yriekucioro rasa, 11,5-23 kr/ra a3ora mo4s B BHJIE
OUOKCUIA M OKCHJIA, MO JKBUBAIEHTY IPEBBILAIONINE a30T BHOCHMBIX YI00-
pEeHUI.

[lo manueiM naypeatoB HoOGeneBckoii mpemuun 3a 2007 r. «BKJIaI» MUHE-
pasbHBIX ynoOpeHHi B HMapHUKOBHIA 3ddekt coctaBmser 20-22%. Ux mpemo-
KEHUS: Uil CHIDKCHHUS! NMApPHUKOBOTO 3¢ ¢eKTa U3-3a MUHEPAIbHOTO MUTAHUS U
JeTpalaliiy 3eMelb YMEHBIINTh HOPMY UCIOJIb30BAHUS TYKOB.

Ceromus 20-22% Bcero HaKOIICHHOTO YIIEKUCIIOTO Ta3a B atMocdepe — 3To
pe3ysbTaT pa3pylIeHUs F'yMyca U OpIraHUYECKHX COEIMHEHHUM MOYBBI BCIIEJCTBHE
MPUMEHEHUS] MUHEPAIBHBIX yI0OpeHUii.

B pa3BuThIX TOCyapcTBax MHUpa Ha MOJUMBHBIX 3eMIIsIX, Tae NPK-yno6penus
HCTIONB30BAINCH COTJIACHO HAayYHO-OOOCHOBAaHHBIM PEKOMEHAALUSM, MOTEPSHO
no 60% rymyca. Ecnu OBl 3TH cpeAcTBa NMUTAaHUS PACTCHUI IOJIOXKUTEIBHO
BJIMSUTH HAa TyMYC IIOYBBI, pa3Be ObI 3T0 ciydminoch? VHTEHCHBHOE NMPUMEHEHHE
MUHepalbHBIX ynoOpenuit B Kurtae npuseno x Tomy, uto u3 129 muH ra moces-
HbIx miomaned 100 mun perpaagupoBansl. [loaTomy B Kutae npussto perienue
YMEHBIITUTH HOPMBI UCTIOIH30BAHNS MUHEPAIBHBIX YI00peHuit B 2 pa3a, obectie-
yrBas UX 3QpPEeKTUBHOCTH 3a CUET MUKPOOPTaHU3MOB.

YenoBedecTBO, ynoOpsis MOYBY, HEBOJBHO ynoOpseT u MupoBoil okeaH,
BCJIE/ICTBME YETO IOBBIMIAETCA CKOPOCTH TOTJIOMEHHUS YIIEKHUCIOTO ra3a, KOTo-
pBIH IPUBOAWT K MHTEHCHBHOMY BBIJICJICHHIO B atMocdepy 3akucu azora. [Ipn
3TOM HEyMEpPEHHOE MOTpebJeHne MHUHEpPANbHBIX YAOOpDEHUH, W B MEPBYIO OYe-
penb HUTPATOB, CHIDKACT COJEPXAaHUE KUCIOpOJa B MOYBE, a 3TO CHOCOOCTBYET
MTOBBIIIICHHOMY BBIJIEJICHHIO B aTMOc(epy 3aK¥cH a30Ta M METaHa.

VYraekuciplil ra3 (JUOKCHA YTIepoja), MPOIycKas UIMHHOBOJIHOBBIEC JTy4H
CBETa K IOBEPXHOCTH 3€MJM, 3aACPKUBACT OTPAKEHHE KOPOTKOBOIHOBOI'O
M3ITy4YeHHs], YTO MPUBOIUT K HArPEBAaHUIO MOBEPXHOCTH IUIAHETHI W M3MEHEHHUIO
knumaTa. OKHMCIBI a30Ta OKa3bIBAIOT OTPHUIATENIbHOE BIMSHHE HA MApHUKOBBIN
3¢ dexT, danaHc pa3InYHBIX IKOCUCTEM H 340pOBbE JI0ACH. 3aKUCh a30Ta BPEAUT
Hameit atmocdepe B 300 pa3 MHTCHCHMBHEE, YeM YTJICKHUCIBINA Ta3, W SBIACTCS
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TJIABHOW TNPWIMHOW pa3pylIeHUs O30HOBOTO Cjos 3eMiau. MeTaH — MOUTHBIN
MapHUKOBBIM Ta3, OTpUIATENILHBIA 3()(EKT KOTOPOro CUiIbHEE TUOKCHUIA YTIie-
pona B 21 pas.

2.2. IIpoobnemut Kopmoeoii 6azvl u nacmouwy 01 HCUGOMHOBOOCHEA.

1. l'ogoBast moTpeOHOCTH KUBOTHOBOACTBA B KopMax 30-32 MITH T KOPMOBBIX
SJIMHUII.

2. PeansHoe notpebnenue 18-20 mnn 1. Hepunur 38-40%.

3. IloceBBI MHOTOJIETHHUX TpaB COKpaTwimch oT 2,3 no 1,4 MuH ra, ogHO-
JETHUX TpaB — OT 2,2 muH ra 10 105 TeIC. Ta.

4. Bonee NOJIOBUHBI HCIIONIb3YEMBIX macTOuI — 70 MITH Ta, IerpaJipOBaHbI.

5. JI7st TOTHOIEHHOTO 00eCTieueHHs HBIHEIITHETO ITOTOJIOBhSI CKOTA IMacTOUII-
HBIM KOPMOM, HEO0XOJTUMO BHECTH B 000pOT 0KoJio 30 MJIH ra macTouIl.

Hawwu npeonosicenusi: T'ocynapcTBo JOJDKHO 0337a4UTh YUCHBIX CO3JIaHUCM
HOBBIX, a0COJIFOTHO WHHOBAIMOHHBIX IIPETapaToB, KOTOpPhIE MOTIH OBl obOec-
[E€YHTh:

— CHW)KEHHUE MAapHUKOBOTO (P deKTa;

— COXpaHEHHE U MOBBIIICHUE TIOYBEHHOTO TUIOIOPOJIUS;

— MOJyYEHUE BBICOKUX M KAUECTBEHHBIX YPOXKAEB CEIbCKOXO3SHCTBEHHBIX
KyJIbTYD;

— BOCCTAHOBJICHHE JIETPAJMPOBAHHBIX IMACTOWIN U, B YCIOBHUAX JSHHUIUTA
ITOYBEHHOM BJIary, MPoJICHUE NIEPHOJIa BETeTaI[U PACTCHUH;

— CHMXCHHE CEOSCTOMMOCTH MSCOMOJIOYHOM MPOJYKIMH 3a CYET IIOBBI-
[ICHHUS PEeHTA0CIbHOCTH BO3/ICIBIBAHUS KOPMOBBIX KYJIIBTYD.

2.3. Ocmputii oepuyum 600wt. Ipesunent Pecniyonuku Kazaxcran B cBoeM
oOpameHnn k Hapony KaszaxcraHa oTMedaer, 4TO 800a - KpatiHe 02PAHUYEHHbIL
pecypc, 1 60prOa 3a o0yIalaHne €€ UCTOYHUKAMHU YKE CTAaHOBHUTCS BaXKHCHIITNIM
(hakTOPOM I'eOIOIMTUKU ¥ KOH(DIUKTOB Ha TuiaHeTe. JleuiuT Boibl B HEJAIEKOM
OyIynieM MOXeT co37arTh OOJNbIIKME MPOOJIEMbI B METAIoNUCaX U B IOJMBHOM
3eMJIIEICITUH.

Hawa cnpaska:

1. Kak Oput10 OTMEYeHO, U3-3a AeHINTa TOYBEHHOW BIIAaTd MBI HaXOJUMCS
Ha TIOCIIEIHEM MECTE B MUpE 10 cOOpY ypoxKasi IIIEHUIBI Ha eIUHUILY TIOCEBHON
TIIOMIATH.

2. B momuBHOM 3emnenenuu 20-25 % BBIpalBacMbIX OBOIICOAXYEBBIX
KyJbTYp HE BOCTPeOOBaHO HACEIICHHEM.

3. B AnnmatuHCKO# 0671acTH HA MTOCeBHOH 1ommanu 470 ThIC. Ta IS TIOIHBA
pacxoayetcst O0osee 2 MIIPA.KyO.M. NMPECHOM BOJBI, a TOJ0OBas MOTPEOHOCTH B
BojiooOecnieueHu r.AnMatel coctaBisier He Oonee 600 miH.Ky0.M. CHUXKEHHE
HOPMBI TIOJIMBHOM BOIBI HA 25 % MOXeT 00ecrednTh BOJOW €IIe OAMH TOpOJ C
HACeJICHHEM, OOJIBIINM, YeM AJIMATHI.

Hawe npeonoscenue:

1. HeoO6xomnumo pa3pabaTeiBaTh MHHOBAIMOHHKIE TIPENapaThl M TEXHOJIOTHH,
obecIeuynBaloIye BEICOKHE YPOXKaU ¢/X KyJIbTYp, KpOME KareJIbHOTO OPOIICHHUS,
MIpY CHM)KEHWH HOPMBI TIOJIMBHOM BoJIbI B 1,3-1,7 pasa.
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2. C y4eToM mOTpeOUTEIBCKOTO CIPOCa HYKHO HalaJuTh TOCYyAapCTBEH-HOE
pery1MpoBaHye BeIpallliBaHUsA MPOAYKLIUN PACTEHUEBOACTBA Ha MOJIMBE.

3. OueHp MHTEpECHas Hes — HCIOJIb30BaHUE MOANOYBEHHBIX BOJ 32 CUET
MOIITHON KOpHEBOH CHUCTEMBI. IJisl 3TOro HY>KHO ONpEAEIUTh TyOHHY 3ajeraHus
IPYHTOBBIX BOJ 10 30HaM M 00JacTsM, ONpPEICIUTh MPEnapaThl, yCUINBAIOLINE
KOPHEBYIO CUCTEMY PAaCTEHHH.

4. COanaHcupoBaHHasi TPaHCIHpAlMs BIard M3 MOYBHI B PACTEHUE U CHU-
JKEHHE MCTIapeHUs BJIarM U3 PaCTEHUI MOKET CTaTh OJHON U3 OCHOB IOBBIIIEHUS
KIIJI ncrionbp3oBaHusi MOYBEHHON BIIATH.

2.4. I'nobanvnaa 3nepzemuueckana oOezonacnocmsy. I'maBa I'ocynapcTa
H.A. Hazap6aeB ormetnn: «Hactymaer HoBast 9pa, B KOTOPOi YeoBeUeCKas KH3-
HEIEATEeNIbHOCTh OyIeT OCHOBBIBATHCS HE TOJBKO M HE CTOJIBLKO HAa HE(TH U rase,
CKOJIbKO Ha BO30OHOBJISIEMBIX HCTOYHUKAX SHEPTUIY.

Hawa cnpasxa. Kak Ob11o ckazaHo panee, AJsl MOBBIILCHHUS YPOXKaHOCTH
C/X KyJIbTYp HCHIONB3YIOT MHHEpaJbHBIE YIOOpEHMS, a Ui €€ COXpaHCHHS -
MIECTUIHIHBIC TIPENapaThl, TPOU3BOICTBO KOTOPHIX OUYEHH SHEPTOEMKO.

Jns BeIycka 1 T MUHEpaTbHOTO MTUTAHHUS HE00X0IUMO 6 ThICc. KBT anexTpo-
sHepruu. Crnegyetr oTMeTuTh, uTo Bo BpeMeHa CCCP B konue 80-x romos B Ka-
3axcTaHe MPUMEHSIIOCHh 1,3 MIIH T MUHEpalIbHBIX YA0OpEeHUI.

Hawe npeonoowcenue. Vicronp3oBaTh B TPOMU3BOJCTBE PACTEHHEBOJICTBA
0eCIUIaTHYIO PHEPTHIO MOYBEHHBIX MHUKPOOPTa-HU3MOB, YHCICHHOCTHIO B OJJHOM
rpamme nouBsl 4-16 mupa.KOE, a takke MOLIHYI0 KOpHEBYIO cuctemy. Kpome
TOT0, HEOOXOUMO CO37JaHNE HOBBIX WHHOBA-IIMOHHBIX OWOMpenaparoB, odecte-
YUBAIOUINX BBICOKYIO 3 (EKTHBHOCTH MUHE-PATBHBIX YIOOpEHHU NPU CHIDKCHUN
HOPMBI UX IPUMEHEHUs B 2-4 pasa.

2.5. Heoocmamku emopoit u mpemveii UHOYCHPUATbHBIX DEGOIIOUUIL.
Hawa cnpaska. B XX B. YUCIICHHOCTb HACEJICHUS HAIICH IUIAHETHl YBEIUYMIIAChH
¢ 1,6 1o 6 mapn. yen., B 2011 r. ona nocturna 7 mupg., a B 2014 r. — 7,3 mupg.,
[IO3TOMY BCE 3TH BBI3OBBI CBSI3aHBI C 00ECIICUEHHEM BCEBO3PACTAIOLIETO Hacese-
HUs Halllell IUIaHeThl IPOAYyKTaMu nutanus B XXI-M Beke.

HayuHno-TexHndeckuil mporpecc, BTOpas WHAYCTpUAIbHAs PEBOIIOLUS U
MOroHs 3a OoNbIIMMM MPHUOBUIAMH B XX-M BEKE IMPHUBEIM K OONBLIMM HpO-
Oremam, CBSI3aHHBIM C HapyIIEHHEM dKOCHCTEMBI. B ATOM Hemaiast 101 IpuHaI-
JIS)KUT WHTEHCHBHOM XMMH3ALMU CENbCKOXO3SIMICTBEHHOTO MPOM3BOJICTBA C HC-
[0JIb30BAaHUEM MMHEPAIbHBIX yIOOPEHUH M CPEACTB 3alIUThl PACTEHHUH, YTO
MIPUBENIO K JETpajialliél 3eMelb M YBEIMYECHHIO BHIOPOCOB B aTMmocdepy yrie-
KHCJIOTO ra3a, MeTaHa M a30Ta. YYeHbIe 3KOJIOTH MPEeAyINpekaaioT, YTO eClId He
c6aBUTH 000POTHI, TO yke K 2050 r. 4eI0BEUeCTBO MOKET CTOJKHYTHCS C HKOJIO-
ruyecKkoi karacTpodoil. A 3To: H3MEHEeHUe KIMMaTa; He00X0AUMOCTh MHOTOMUII-
JTUApIHBIX WHBECTUIIMI Ha TpeoOpa3oBaHHE CEIThCKOTO XO3SHCTBA; pPOCT IIEH Ha
MUILEBBIE MPOAYKTHI; 3aTOIUIEHUE OOJBIINX TEPPUTOPUI U TOJION; MepecesieHne
JmoAed, YTo Hen30€)XHO NMPHUBEIET K BHYTPHHALMOHAJIBHBIM M MEXHALMOHAIIb-
HBIM TPEHUSM ¥ KOH(IMUKTaM.
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Ceromnss B mMupe Oonee 1 MupA. 4enl. MPOXKHUBAIOT 3a 4epPTOH OETHOCTH.
I'moGanpHOE MOTEIUICHHE WM TOXOJIOJJAHHE B MTOTE MPHUBEAYT K MCUE3HOBEHHUIO
KHU3HM Ha 3emJie. [lerpaganust 3eMenb, Je@UIUT MONUBHOW BOABI M OYBCHHOW
BJIar'd, 3aMOPO3KH, KapKUE BETpa MOBJIEKYT 32 COOOM pe3Koe CHU)KEHHE 3alacoB
MIPOIOBOJIbCTBUSL.

Hawe npeodnooicenue: HeoOXomuMbl HOBbIE WHHOBAIIMOHHBIC Pa3pabOTKU B
YeTBepTOil MHIYCTPUAIBHOM PEBOJIOLUHU, CKOPEE BCErO, «MHHOBALMOHHON pe-
BOJIFOIIMWY», YCTpaHsSIOIMe HemoctaTku Bropoit m TpeTheil WHAYCTPUAIBHBIX
PEBOIIONIMH, B YAaCTHOCTH, I0: COXPAHEHHWIO ITOYBEHHOTO IUIOIOPONHUS; CHH-
JKCHUIO HETaTHBHOTO BIIMSIHUAS MHHEPAJIbHBIX YJIOOPEHHH W TECTUIMIOB Ha
MAPHUKOBBIN 3(Q(EKT U ACTrpagaliio 3eMelib; MOJYUYCHUIO BBICOKUX CTA0MIbHBIX
YpO’kaeB ¢/X KYJBTYp B 3KCTPEMAIbHBIX MOTOIHBIX YCIOBHAX. DTHUM peElICHHEM
MOXHO TIPO-/UTHTH CTA0MIHPHOCTH B MUPE Ha HECKOJBKO CTOJICTHH.

3. HoBoe nokoJieHHe OHONIPENnapaToB —
Mukpoouoynodopenne MIPC
B pPellleHUH MPOOJIEMHBIX BONPOCOB 3eMJleIe U
u pacteHueBoacTBa B XXI B. [4-6]

3.1. Muxpoobuoyooopenue MIPC - ocnosa ucnonv3oeanus Heucuepnae-
MOUl Decniamuoll IHEP2UU NOYGEHHBIX MUKPOOPZAHUZMOE I MOUIHOU KOPHEGOT
cucmemsl. BriepBble B MUPOBOM NPAKTUKE MPEIIOKEH VHUKAAbHLIUL MEXAHUIM
obecneuenus BCEBO3PACTAIOIIETO HACEIICHUS HAIIed TIIJIAHETHl MPOAYKTaMHU
MIUTaHUs, COXpaHeHus U BOCIPOU3BOJCTBA MMOYBEHHOTO TUIONOPOAUS, NOAYUEHUs
KAueCTBEHHBIX U 3KOJIOTHUECKH YHCTHIX BBICOKUX YpO’KaeB MPOAYKLINU pacTEHHE-
BOJICTBA MYmMeM UCNONb306aHUs HEHCUeprnaeMol OecIUIaTHON SHEpruH MOYBEH-
HBIX MHUKPOOPTaHW3MOB YHCIEHHOCTHIO B 1 T mouBsl oT 4-16 mupa. KOE u yge-
JIU4eHus: MacCchl KOPHEBOM CHCTEMBI pacTeHUH B 2-2,5 pasa (pucyHOK 1), 3a cuem
npumMeHeHus: OTEUYECTBEHHOTO OHWoIpenapara — mMukpobuoyooopenus MIPC npu
CHUICeHUY HOPMbl MUHEPAIBHBIX yNOOpPEHWH W TIOJWBHOW BOIBI, 8 )CIOBUAX
neduikTa MOYBEHHOW Biard, BhICOKUX Temmepatyp (45-50°C), cyxoBeeB, 3aco-
JIEHHOCTH 3€MeEJb.

Couemanuem MHUHEPAIBbHBIX YJIOOPCHHUH C OTCUECTBECHHBIMH OuWoOINpena-
paTaMH JOCTUTAETCsl no@bluleHue YUCICHHOCTH B 1,5-5 pa3 MUKpOOpraHM3MOB,
o0ecreunBaroNMX HaKOIUieHHe opranudyeckux BemiectB W NPK  nwuranue
pacreHuii U crudicenue B 1,7-9 pa3 4ncIeHHOCTH OaKkTepui, pa3iararolux ryMmyc
W HUTPATHBIA a30T TIOYBBI, GCreOCcmSuUe Heeo KAKABIA TpaMM HOUGbL
IIpeBpaIlaeTcs B MuHU 3600 TIO TIPOU3BOJCTBY MHUTATEIBHBIX JJIEMEHTOB U
OpPraHWYECKHUX BEIIECTB.

B pesynbrare mocturaercs: MUHEpaau3alys PacTUTEIbHBIX OCTAaTKOB; (PUK-
canysi aTMOC(EpPHOTO a30Ta; MEPEeBOJl TPYIHO- M HEPACTBOPHMBIX COEIWHECHUH
¢docthopa U Apyrux SIEMEHTOB B PACTBOPUMEBIE COJM; CHM)KEHHE Pa3IOKEHUS
ryMyca 1 HUTPAaTHOT'O a30Ta I10YB.
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Pa3BHTHe KOpHEBOH Pa3suTHe KOpHEBO# CHCTEMbI
cHcTembl Ges B Pe3yAbTaTe NPHMEHEHHA
«M3PC» mapkm «b» «M3PC» mapku «Bbn»

BepxHuit NAOAOPOAHBINA CAOH NOYBLI

NACAOPOAL
NOMBI NP 2
HCNOAKIORAHHN

«MIPC~ mapum «be

TAvfiHA NOWARHHOTN CADR
' [
=

Su

&, 10
b1

COACPRAHME NHTATEALHEIX INSMEHTOR

",

HuxHue caom
noYBb!

KT Mapc

KopHenam CHETEMM
FAPOBOH MAFKSEA NGHMLLLI

KopHenan CHcTEMa
RAGY ATHHRN

6

Pucynok 1 — Bmustaue Mukpoduoynodpennss MOPC Ha KOpHEBYIO CHCTEMY PAacTEHHIL:

a — pacmpocTpaHeHHe KOPHEBOI CUCTEMBI B ITyOb mouBskL; 6 — Biustare MOPC
Ha 00bEM KOPHEBOI CUCTEMBI SIPOBOI MATKOI MIIICHHUIBI U XJIOMIaTHHKA

MOHIHafI KOpHEBast CUCTEMA ABJISICTCA OCHOBOM MOCTYIINICHUA AOIIOJIHUTECIIb-
HBIX IMUTATCJIBHBIX 3JICMCHTOB M BJIar B PACTCHUC U3 HUKHHUX He3aﬂeﬁCTBOBaH-
HBIX CJIOCB IMOYBBI U SBJIACTCA MAaTCPUAJIOM U1 HAKOIUJICHUSA B 13971 OpPraHUuYCCKUX

BEILIECTB.

B UTOre, paCTCHUA CBOCBPEMCHHO MOJYYarOT TOIIOJHUTCIIBHO BJIard U IUTa-

Hus Ha 20-25%, a mouBa — 5-20 T/ra OpraHOMUHEPATBHBIX COCTUHCHUN.

Bce 370 B KOMILIEKCE MO3BONSET HE TOJIBKO COXPaHUms MOYBEHHOE TUION0-
ponue, HO M QONOAHUMENbHO Hakonums B mouBe 5-20 T/ra OpraHMYECKUX Bele-
c1B ¥ 35-40 u 0oxnee kr/ra NPK- nuraTelbHBIX 3JIEMEHTOB.

Hcnonvzosanue omeyecmeennvix buonpenapamog B TeUeHUe 4—5 et mo3Bo-
JIUT AOBECTHU MIOA0pOoAHBIN cioi mouBsl oT 30—40 1o 50-60 cm.
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3.2. IIpouzeoocmeo u peanuzayus oéuonpenapama MIPC. 11o 1oroBopeH-
HoctH ¢ TOO «Oppnabace» Ha 3aBOAE IO MIPOM3BOACTBY MECTULMIHBIX IIpemnapa-
toB B LIemMkenTe 2009-2016 rr. TOO «Xa3zpar-Anu-AkOap» BBITYCKAET MHKPO-
ouoynooperne MOPC. MoIIHOCTh MPOW3BOACTBA IMO3BOJISIET IMOJIHOCTBEO T10-
KpBITh oceBbl PecniyOnmkn Kazaxcran, Poccuiickoit ®enepanun, Y30ekucrana,
Hezasucumoro I'ocymapctBa Typkmenwcran B Owompemapatax W Ouoymoope-
HUSIX.

Muxkpobuoynobpearne MOPC ceprudunmposano B Pecnyonukax Kazaxcran
u ¥Y30ekucran, ['ocynapctee Typkmenucran, Poccuiickoii @eneparuu. Mmerorces
BCE€ Pa3peIINTEIbHBIE JOKYMEHTHI HAa IPOU3BOJICTBO U IPUMEHEHHE.

B Pecny6nuke KazaxcTaH ONbITHBIE, ONMBITHO-IIPOM3BOJICTBEHHbBIE M TIPOU3-
BOJICTBEHHBIE paboTHI TpoBeAeHkl Ha 20 KynbTypax, B Pecrybnmke Y30ekncran —
9 kynerypax, Poccmiickoit ®eneparmum — 7 KyneTypax, TypKkMeHHCTaHE —
10 kynbTypax;

[TpousBoacTBeHHOE puMeHeHHe B Pecriy0Oinke Y30exkucTaH Ipou3BeIeHO B
8 obnactax, ['ocynapcrBe TypkmenuncTan — 2 Benasrtax, Poccuiickoit denepanun
— 6 cyOwekrax. 3a 2009-2017 rr. 6monpenaparsl B PecmybOnuke Kazaxcran
peann30BaHbI 10 CYyOCHIUH.

B 2014 r. B PectiyOimnke Y36exkucran MOPC nmist mpuMEHEHHUST Ha TTOCEBaX
¢/X KynbTyp OblT mommucad KOHTpakT Ha cymmy 500 teic. momt. CILIA, omHako
13-32 HEBO3MOKHOCTH MPOBEACHUS BAJIOTHBIX ONepauuii npemnapart Obll BO3Bpa-
meH. [locne paspemenus BamoTHBIX omneparuii B 2018 r. 150 cenpxo3-ToBapo-
npousBoauteicii Hamanranckoit u depranckoii obdnacrerr npuodpenu MOPC B
KOJTMYECTBE 4 T M MCIIOJIB3YIOT Ha TIOCEBHOM TUIOMaan 2,5 ra.

B 2016-2017 rr. Jlaiixanckum o0beauHEeHUSIM ['ocymapcTBa TypKkMeHUCTaH
noctasieno 87 T MOPC.

Daxmuueckuti 00xo0 CXTII Pecnybnuxu Kasaxcman om ucnonvb308aHust
murpobuoyoodpenus MOPC 6 nepuoo 2003-2018 ce. na nocesnoii niowaou
3605 muic. 2a cocmasun 6onree 80 mapo. menee u pepmepos Heszasucumozo
Tocyoapcmea Typxkmenucman na niowaou 90 moic. ea — dbonee 30 man. 0o
CLIA.

3.3. Omuocumensvno kauecmea npodykyuu. B Kpacnogapckom kpae PO
50% Ha moceBax MATKoW miueHHnbl, Pecrybnuke Y36ekucran — 95% u Hesa-
BucuMoM Typkmenucrane — 80% mosrydaroT MIIEHUIly MEHbIIE 3 Kiacca, KOTo-
pBle HE IPUTOJHBI B MPOU3BOJCTBE XJIEOOOYIOUHBIX U3 0e3 J00aBOK HM3-3a
HU3KOTO COJIEpP)KaHUS KIEHKOBMHBI M IIOXOTO €ro KadecTBa ((ypaskHas IIIe-
HUIIA).

IIpoBeneHHbIMH (YHOAMEHTAJIBHBIMA M MPHUKJIAAHBIMUA HCCICIOBAaHUSMU B
9THX PErHoHaxX YCTAHOBICHO, YTO OHompenaparbl 00ECIeYMBAIOT IOJyYeHHE
TOBAapHOM MIIEHUIBI 3 KJlacca C BBIXOJOM KaueCTBEHHOW KJIEWKOBHHBI OoJjee
24%, o0nafarIuX XOPOIIMMU KavyeCTBEHHBIMHU IIOKA3aTeNIMU MYKH, T€CTa U
BBITICUEHHOTO XJieha.
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B tabnuie 1 npencrariens! qanHbie 10 BausHu0 MOPC Ha ypoxkaii u kade-
CTBEHHBIC MMOKa3aTedu 03MMOH MArkod mmeHuns! (copTt 3e3na, HUU 3epHa n
3epHOO00OBBIX KYIbTYp — AHIMKaH, Pecrryonuka Y3o6ekucran, 2011 r.).

Tabmuua 1 - Bmmsane MOPC Ha yporkaii 1 KadyecTBEHHbIE TTOKa3aTeIH
03MMOi1 MATKOH MIIeHUIB (COpT 3Be371a)
(HUU 3epHa 1 3epHOO000BBIX KYIbTYp — AHAMXKaH, Pecmrybiika Y36exucran, 2011 r.)

Ipubaska | Hatypa, Kneiikosuna
Bapuantsl ypoxasl, r/n Ko1-B0, | Ka4ecTB0, | rpym-
wra % en. UK na
1. Kontpons - 870 28 115 1

2. O6paborka cemsi ¢ MOPC, 200 mii/ra,
o0Opabotka pactenuii ¢ MOPC B asy 8,5 900 34 85 II
Kymenus, 300 mi/ra

3. O6paboTtka pacrenuii c MOPC B a3y
kymeHus, 200 MJ1/Ta 1 MOJIOYHOH CIIENOCTH, 11,0 900 36 85 1I
300 mur/ra

4. O6pabotka pactrennii c MOPC B dazy

MOJI04YHO# criemoctH, 500 Mi/ra 8,0 900 36 85 11

W3 mnonyuyeHHpix maHHBIX cienyer, uto MOPC obecrnieunBaer mnpubaBKy
ypoxas 8—11 1/ra, ZOMOTHUTENBHOE COAEpKAHNE KIEWKOBUHBI 6—8 % U KadecT-
BO KJIeHKOBUHBI Il rpynmel (3TO COOTBETCTBYET MHPOBOMY CTaHAApTy 3 Kjacca
MSTKOU TITIIICHUIIHI ).

Pesynprarel nabopatopHeix ucnbitanuii B Kamkagapsuackom HUUM cenek-
LMY ¥ CEMEHOBO/ICTBA 3€PHOBBIX KOJIOCOBBIX KYJIbTYp B ce30H 2012 r. moka3zanw,
yto MOPC oOecrnieunn MONydeHHUE NIICHUIBI C XOPOIIMMH Kady€CTBEHHBIMHU
MOKa3aTeJIIMU 3€pHa, MyKH, TecTa U Xxje0a, B TO BpeMs KaKk Ha KOHTPOJIE TMOKa-
3arenu xyieda OKa3aanch HUXKE CPEIHETO.

Pesynprarer maboparopusix ucnbitannii B Kamkanapsuackom HUU cenex-
M1 ¥ CEMEHOBOJICTBA 3€PHOBBIX KOJIOCOBBIX KyJIbTYp B ce30H 2012 1. mokazanmy,
yto MOPC ofecnieunn monydeHHe NIIEHUIBI C XOPOIIMMH KadeCTBEHHBIMHU
TOKa3aTelIMKA 3€pPHA, MYKH, TecTa U Xjieda, B TO BpeMsl Kak Ha KOHTPOJIE TOKa-
3areiu xjieba OKa3aaIuCh HUKE CPEIIHETO.

KonTtpouns:

—myka — 150 r; macca xneba - 0,480 xr; nmuaa — 13,5 cM; mmpuHa — 7,5 cm;
BbICOTA — 7,4 CM.

MDOPC - obpaborka cemsiH, 0,1 n/ra + obpaborka pacteHuil (KyuieHue),
0,2 n/ra + oOpaboTka pacTeHnii (MOO4Has cresiocTs), 0,2 J/ra:

—Mmyka — 150 r; macca xieba — 0,610 kr; mymna — 13,5 cM; mmpuHa — 7,5 cMm;
BbIcOTa — 10 CM.
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Tabnuna 2 — Brustaue 6uonpenapara “Pusepm” (Vkparnna) u MEKpoOoHoynoopennss MOPC
Ha Ka4eCTBCHHBIC TIOKA3aTeIN TeCTa

[TapameTpsl Dapuante!
1 2 3 4 5
VY nensHas pabota neopmarn tecta (W), 10-4 Tx 358 303 414 370 391
Wunekc pazoyxanus tecra (G), o™’ 18,6 17,0 19,2 19,0 19,1
VYupyrocts Tecta (P), Mm 121,0 | 120,0 | 129,0 | 133,0 | 124,0
PactsoxumocTs Tecta (L), MM 70 58 74 73 74
Benoxk, % 14,78 | 14,96 | 15,63 | 15,91 | 15,76
KrnetikoBuna, % 27,5 27,5 29,7 30,6 | 30,0
BraxHocTts, % 10,68 | 10,64 | 10,80 | 10,66 | 10,59

OCHOBHBIM KpHUTEpHeM IpuoOpeTeHHus cTpaHamu EBpocoro3a mNIIeHUIIBI
SIBJITFOTCS] KaYECTBEHHBIC MMOKA3aTENIM TECTa, OCOOCHHO yaenbHas padora medop-
Manuu Tecta. B Tabnuue 2 mpenactaBieHBl pe3yibTaThl MCCIEJOBaHHUM, MpPOBeE-
nenaple Kazaxcranckum ¢unmmanom xomrmanuu “SGS group” 1Mo BIUSHHUIO OHO-
npemapara “PuBepm” (Ykpanna) u Mukpoonoynodpenuss MOPC (Kazaxcran) Ha
Ka4yecTBEHHBIE [TOKA3aTeNIN TeCTa.

Kommanus “SGS group”, mtab-kBapTHpa KOTOpOi HaxonuTcs B T. JKeHesa,
SBISIETCS. MUPOBBIM JIMJIEPOM Ha PBIHKE KOHTPOIIS, DKCIIEPTU3bI, HMCIBITAaHHN
U cepruduUKanMH, B CETH KOTOpoil paboraer 56 000 corpyaHukoB B Ooiee
1000 oducax u nmabopaToOpHsiX MO BCEMY MHUPY, NPU3HAHA MHPOBHIM 3TAJIOHOM
Ka4yecTBa U AEJIOBOH 3TUKU.

W3 momydeHHBIX TaHHBIX CIEAYeT, 9YTO BCE IMOKa3aTeIn MUKPOOHOYI00peHNs
MOPC wumeroT myyimve 3HAY€HHs B CPAaBHEHHMHM C KOHTPOJIEM W 3TaJOHHBIM
IIpernapaTom.

BapuanTsr:

1 — Konrpons, nporpaButrens cemsH “Ckapner”, 0,35 a/t + ¢yHrummg
“Turyn-390”, 0,32 n/ra;

2 — Dranon, Owomnpenapar ‘“Puepm” (Ykpamna), 0,4 n/t, “Ckaprer”,
0,35 a/T + “Pusepm”, 5,0 n/ra, “Turyn-390”, 0,32 n/ra;

3 — Bapuanr-2, MOPC, 0,15 n/t, “Ckapner”, 0,35 n/t + MOPC, 0,03 s/ra,
“Turyn-390”, 0,16 n/ra;

4 — Bapmant-3, MDPC, 0,15 n/t, “Cxapner”, 0,175 n/r + MOPC, 0,03 m/ra,
“Tutyn-390”, 0,32 n/ra;

5 — BapuanTt-6, MOPC, 0,15 n/T + MOPC, 0,03 n/ra, “Turtyn-390”, 0,16 n/ra.

Uccnenosanns, npoBeaennbie B KpacHomapckoM u CTaBpOMOIBECKOM Kpasx
Poccuiickoit @enepanuu, I'ocynapcrBa TypKMEHUCTaH, TakKe HMOATBEPIUIH
MOBBIILICHHE KOJMYECTBA M KauecTBa KIEHKOBHHBI 03MMOI MATKOHN MIICHUIBI.

Ecnu yuecms, umo 6 mupe uz gvipawugaemvix 730 man. m/200 mazkou nuie-
Huyvl bonee 50% sensiemca QypadicHol, Mo NoayueHHbvle pe3yabmamol 8 YeioM
UMEIOm 02POMHOE 3HAYEHUE 051 NPOU3E00CHEA 3EPHA 68 MUpE.

232



ISSN 1813-1107 MNe 3 2018

BriepBrie B MupoBoit npaktuke MOPC obecrieuns mosryueHne 3K0JI0TnIeCKU
YUCTOW MIIEHHWIBI, COOTBETCTBYIowled EBpomelickuMm craHmapraM KadecTsa,
kotopas B TOO «MBonra-Xonauary PecnyOmuke Kazaxcran Bo3nmenbIBanach
2011 mo 2013 rr. Ha o0mIel MOCeBHOM Mmomany 36 ThIC. Ta U MOCTABISIACH AJIS
Koponesckoro nsopa AHrMH.

JlOonONHUTENBHBIN ypOXKal SKOJOTMYECKM YMCTOM MIIEHULBl 3a MEPUOJ
2010-2012 rr. 3a cuer npumenennss MOPC na nmoceBHo miomaan 12 000 ra co-
crasma 10 800 T.

YcranosieHo, uto MOPC moBhIIIaeT BBIXOA TOBAPHOW MPOAYKITMH HA 14-
18%, cyxoro BemecTtBa Ha 12-22%, comepkaHue BUTAMHHOB, CaxapoB U IOJIE3-
HBIX BemiecTB Ha 8-10%; cHmkatoT HUTpaAThl Ha 32-37%; COKpamaT CPOKU CO-
3peBaHms KyasTyp Ha 10-12 mmeit; mpomneBaror doTocmHTe3 Ha 5-12 mHEH B
YCIIOBHUSIX 3acyXw W HakoruieHne omomacchl 20—40%; MOBBIMIAIOT KyJIHHApHBIC
kadecTBa Ha 15-18%.

3.4. Omnocumenvhno Inepzo-, 61a20- u pecypcocoepercenun. Couemanuem
buonpenapamos ¢ MUHePAIbHLIMU YOOOPEHUAMU U ReCMUYUOAMU YCINAHOBIEHO:

— obecneueHue PACTCHHUN JOMOJHUTEIBLHBIMUA 16 THUTATEIBHBIMH 3JICMCH-
TaMHM OT ToTeHIMaia nouyBsl Ha 30-100%;

— npooneHue XU3HEACITETHLHOCTH OBOIIeOaxueBbIX KyabTyp B 1,5-2 paza
IpU CBOEBPEMEHHOM CO3DEBAHMU IUIOAOB 32 CYET PEcHHTe3a Oenka, 4To TO-
3BOJIACT MOJYYUTDH AOTIOIHUTENBHBIN ypoxkait 100% u Oonee;

— coxpanenue oT ucnonbp3zoBanns MOPC B 6akoBoi cMecH C TECTUIIUAaMU
muHuManbHO 0,8 T/ra rymyca u 30 Kr/ra HUTpAaTHOTO a30Ta MOYBHL, a 3TO HA IIIO-
maau 10 miH. ra obecneynT coxpaHeHue rymyca — a0 20 MIIH. T/T, HUITPaTHOTO
a30Ta MOYBKI — 10 1 MIIH.T/T;

— HakonieHue HIOTIONHUTENBHBIX Yc8auedaemvlx THUTATEIBHBIX JJIEMEHTOB
nocse yOOpKy yporKasi B CpaBHEHUH C MPUMEHEHNUEM TPAIUIIMOHHBIX yI00pEHHH,
B IlepecyeTe Ha MUHEpaJIbHbIE YIOOpeHHs: aMMuauHon cenuTpsl — 50-200 kr/ra,
ammodoca — 40-200 kr/ra, xnopuna xkamus — 50-200 kr/ra;

— CHUJICeHUue HOPMBI HCIIOIb30BaHUSI MUHEPATBHBIX yaA00peHuii B 2-3 pasa,
MOJIMBHOM BOABI — B 1,5-2 pa3a u cTeleHu pucKa BO3BpaTa 3aeMHBIX CPEACTB 3a
CYeT AONOIHUTENbHOrO ypoxkas Ha 50-100%.

— cHudcenue cebecrommoctn mpoayknuum Ha 20-25% W XWUMHYECKOW Ha-
rpy3ku Ha mouBy Ha 30-35%;

Ecnu yuecmwv, umo nousa sensemcs OCHOGHBIM UCHIOYHUKOM NPORUMAHUSA
8Ce20 JHCUBO20 HA 3eMile, MO NPUBEOeHHble NOJIYYeHHble 00CHO8epHble OAHHbIE,
odadce 8 macumabax o0Hol Pecnybauxu, umeiom KoOIoCcanbHoe cmpamezuieckoe
3HaueHue.

3.5. IosyyeHne BBICOKMX KaYeCTBEHHBIX YPO:KaeB B IKCTPeMAJbLHBIX
yca0BUsSIX eHUHMTA MOJUBHON BOAbl, MIOYBEHHON BJIAru, X0JI0a, KAPKHUX
BETPOB, 32COJIEHHOCTH 3eMeJib. B OKCTpeMaJbHBIX YCIOBHAX (CyXOBeil) mpu
CHIDKEHUHW HOPMBI MONMBHO#H Bonbl B 1,3-2 paza MOPC B IOKO, XXamObuickoit u
AnMaTrHCKOH 00sacTsX 00ecnednBaloT yBEINYCHNE BBIX0/Ia TOBAPHOU MPOAYK-
ruu Ha 150-300% (pucyHnok 2, 3).
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73
80 1

70 1
Pucynok 2 — Bnustunue MOPC
60 1 AL

4 Ha ypoJKaii JiyKa MpH CHHKCHUH

50 1 HOPMBI ITOJIMBHOM BOJIBI

40 o1 B 1,5 paza (TOO “NAZDANA”):

30 A o2 1 — DrasnoH — aMMuavHas

20 A cemutpa (AC) — 800 kr/ra;

2 - AC - 680 kr/ra,
MDOBPC -2 n/ra

NN N N\

20

20 1 /ra

15 - Pucynoxk 3 — Bmusaue MOPC
Ha yposkaii apOy3a npu
10 - CHI)KEHHU HOPMBI HOJIMBHOM
4,8 Bozs! B 2 paza (KX “Orait”):
1 — Oranon — AC — 200 kr/ra;
3] 2 — AC —200 kr/ra,
MDPC — 1,5 ni/ra

Ipumenenue MOPC 6 pacmenuesoocmee Aamamunckou obaacmu, npu
CHUJICEHUU HOPMbBL NOJIUBHOU 8006l Ha 25-30% noszsorum be3 ywepba 0ns kave-
cmea u Koauuecmea c/x npooyKyuu obecneuums 8000l euje 0OUH Me2anomuc,
maxou, kax Aimamet.

OTtedecTBeHHBIE OHMOMpENapaTbl 3a CYET MOUTHOW KOPHEBOW CHCTEMBI ITO-
3BOJIAIOT TpaHC(OPMHUPOBATH BIAary M3 HIDKHMX HE3aJCHCTBOBAHHBIX CIIOCB
MOYBHl W UCTIOJNB30BAaTh TPYHTOBBIE BOnbL. [Ipumep — momydenne B FOKO (KX
«C-Kaitpat» n KX «Amn Koxa» Makraapansckuii paiton, TOO «T-Kyanaprk»
Capeplaranickuii paiion, 6e3 eJUHOTO MOJIMBa, ypoXKas XJIonKa-ceipua 24-28 1/ra
npu KoHTpoJie 4-8 1/ra (pUcyHOK 4).

Muxkpobuoynobpernie MOPC mpu CHWKEHHH HOPMBI IOJWBHOW BOIBI B
2 pa3a Ha MOCEBax XJOMYATHWKA MpPH HUCIOIB30BAHUU OTEYECTBEHHBIX CEMSH
MO3BOJIAICT MOJIyYUTh JOMOJHUTENBHBIA ypoxkail xionka-ceipua 10 1/ra, a npu
NPUMEHEHUH TYPELKHX CeMsH 0e3 eQMHOro IojuBa obecreuuBaeT HpuOaBKY
ypoxas 20 1/ra (pucyHok 5). Peannzarust TOomoJTHATEIHHOTO YPOXKasi 00ECIIEINT
MIOKpBITHE 3aTpat Ha ogHoM rekrape Ha 100-200%.

B Pecniyonuke Y36exucrtan MOPC Ha moceBax XJIOMYAaTHHUKA MPH HCKYC-
CTBEHHOM CHIDKCHHHM HOPMBI TTOJIMBHOW BOABI Ha 25-40% obOecmedns TOITHO-
LEHHBIN ypokall XJIONKa-ChIpLa.
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bes nonuea (2007 r., 2012 r.)

Ypokaid, u/ra

Pucynok 4 — DddextuBHOCTD

MHKpoOnoynodpenns MOPC 30 24,5
Ha xyormgatHuke (2007, 2012 rr.):
1 - AC - 200 kr/ra; 20 6.4
2~ AC - 200 kr/ra, MDPC — 1,3 11/ra 10 '-l
1 2
KX «Capraii», c/o }aHaayn ClNKB «bepexkemakta» Konnawes XK.
OTeuecTBeHHblE ceMeHa c/o KasabeK 6u.
(nonue 1 pasz — 25 asrycTa) Typeurue cemena (6e3 nonuea)

y H ”
Mpubaska ypoxan VPOKAMHOCTb, > MpuBaska ypowas:

YPOMANHOCTb, 10,0u/ra ura 20 u/ra
u/ra
30 » Croumocts 46 » CroumocTb
20 AOMO/HUTENBHOTO [LOMONHUTENBHOTO
ypoxas: ypoxasn:
l 449 $fra 2 898 $/ra
& " » CreneHb MOKpbITUA > CTeneHbnoKpbITHA
MOAHbIX 3aTPaT 3a cHeT MO/HBIX 3aTpaT 3a
1 2 AO0N0AHHUTENbHOTD cyer
ypoxaa: 1 2
4OoNONHUTENbHOIO
100% ypoxas:
200%
1. AC, 200kr/ra 1. AC, 200kr/ra
2. AC,200kr/ra + M3PC, 1,0 n/ra 2. AC, 200 kr/ra + M3PC, 1,0 n/ra
a o

Pucynok 5 — DddextuBHOCTE MUKpOOHOYH0OpeHust MOPC Ha XJI0ImIaTHUKE:
a — OteuecTBeHHBIE ceMeHa; 6 — Typenkue ceMeHa

[Nonnomacmrabnoe npumenenne MOPC B Pecmybnmke Y30ekucran rmo-
3BOJIUT COKOHOMHTH 2-3 MJIPA. M° Ae(UIMTHON MONMBHOM BOIBI IPH obecrede-
HHUM KOJMYECTBEHHBIX M KAYECTBEHHBIX IOKA3aTeled NPOLYKLUUU pacTeHUe-
BOJICTBA.

[MomydeHHbIe pe3ybTaThl TAKKE UMEIOT OOJIBIIOE 3HAYCHUE ISl MUPOBOM
MPaKTUKH.

Buonpemnaparsl crmocoOCTBYIOT B IKCTPEMANbHBIX YCIOBHSX jAedununTa mo-
JINBHOU BOJIbI, TIOYBEHHOM BJIaru, X0JI0Aa, >KapKUX BETPOB, 3aCOJIEHHOCTH 3€MEIb!

— HOBblUEHUI0 YPOKAMHOCTHU CEIbCKOX03IMCTBEHHBIX KYIbTyp Ha 30-100%;

— NOBbllUieHUI0 CONPOTUBISIEMOCTH PACTEHUM K HETAaTUBHOMY BIIMSHHIO MEC-
THIIUIOB;
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— no8bileHUI0 YPOIKAWMHOCTH CEIBCKOXO03SHCTBEHHBIX KYJIBTYP B OTCYTCTBHE
MuHepanbHoro nutanus B CeBepHBIX pernoHax PecmyOnuku Kaszaxcran B ycio-
Busix 3acyxu Ha 20-80%, FOxHbIX - 25-50% u Gonee.

— CHUYIceHUI0 HOPMBbI NCTIONb30BaHNU MUHEPAJIbHBIX YO0OpeHui B 2-3 pasza u
MIOJTyYeHHE JOIOIHUTENFHOTO ypOKasi B CPaBHEHHWW C TOJHOHW HOPMOH ymoO-
penus 6e3 MOPC— 20-30%;

— obecneuenuto noxona B CeBEpHBIX PETHMOHAaX Ha 3€pHOBBIX Ha | TeHre
3aTpaT B 3aCYNUIMBBIX YCIOBHIX — 4,7-6,8 TeHTe, IpH JOXO0ME OT MCIOIL30BaHUS
MUHEpaJIbHBIX yaoopenwuii 0,1-0,5 Tenre;

— obecneuenuro noxona B KOXHBIX pernoHax Ha NMojuBe, Ha (JOHE MUHEPaIIb-
HOTO NUTaHuA, Ha 1 TeHre 3atpat Ha coe 5,75-10,25 TeHre, puce-maie, caxapHou
cBexie u kaprodene — 12,58-32,24 Ttenre, oBoiebax4yeBbix KysbTypax 130-
200 TeHre, mpu JO0X0A€ OT UCTIOJIB30BAHUS TOIBKO MHUHEPAIBHBIX YA0OpeHu# 1,5-
3 tenre;

— COKpaweHuro CpOKOB CO3PEBAHNS OBOIIEOaXUEeBBIX KyIbTyp Ha 8-10 gHeH,
IIPH COXPAHEHNHU MX BBICOKHUX BKYCOBBIX KaUeCTB.

Pewenuss npobrem no obecneuenuio Kopmogou 0asvl HCUBOMHOBOOCMEA
Pecnybnuxu Kaszaxcman

[Mpumenenue mukpoouoynodpenuss MOPC Ha moceBax KOPMOBBIX KYJIbTYD
MoJHOCTBIO0 MoKpoeT aeduuut 38-40% u ronoByI0 HMOTPEOHOCTH KUBOTHOBOA-
cTBa B KopMax 30-32 MIIH.T, a TaKXe YBEJIUYUT MOCEBHBIC IJIOLIATU U ypOXKaii-
HOCTb MHOTOJIETHHX M OJHOJIETHHX TpaB B 2 pa3a IyTeM MOBBIIICHUS ypoOKas
JIOLIEPHBI.

Muxkpobuoynobpeane MOPC B kommuectse 1,0-4,0 m/ra obecneunBaer
TIOJTyICHHUE TOTIOTHUTEIIHFHOTO Yporkas K KoHTpoito 80-120%.

Tabmmma 6 — 3aBHCHMOCTh Ka4eCTBEHHBIX T0Ka3aTelel COXpaHeHNUs TOYBEHHOTO IUT0JOPOIHS,
ypOXasi ¥ ero Ka4ecTBa OT TEXHOJIOTHH 00pabOTKH IOYBHI, CEMEHHOTO MaTepHaa,
CPE/CTB HMTAaHUS U 3aIIUTHl pacTeHuil (CeBepHbIN pETHOH)

KauecTBeHHBIE TOKA3aTENH MOYBEHHOTO IUIOIOPOIHS, %o
Haunwmeno- coxpa- moyY- MTOBBI- JIOTIONIHH- | CHIIKEHHE
Kade-
BaHHE HEHUe BEHHOE IEHHE TeJbHbIE Heratmea | ypo- | -
(paxropa MOYBEHHOW | TLIOMO- KITJ nuTart. MeCTH- Kal osKcast
BJIATH poaue | ymoOpeHHii | 3IeMEeHTHI IM/I0B yp
Hyuepas 25-30 45 0 0 0 30 0
TEXHOJIOTHST
Cemenoit 0 10 0 0 0 8 30
Marepuan
Y no6penus Her <0 0 0 0 5 0
JTAaHHBIX
IlecTununst Her <0 0 0 0 20 0
JTAHHBIX
MDBPC 20-30 45 100 100 100 37 70
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Tabmyma 7 — 3aBUCHMOCTh Ka4eCTBEHHBIX TT0Ka3aTeIel COXpaHeHNUs TOYBEHHOTO IUT0JOPOIHS,
ypOXasi ¥ ero Ka4ecTBa OT TEXHOJIOTHH 00pabOTKH MOYBHI, CEMEHHOTO MaTepHaa,
CpPE/ICTB IIMTAaHUS U 3aIUThl pacteHuid (KOXHEBII pernoH, noius)

@DakTopel M UX BIUSHUE, Y0
Haunme- coxpa- o4- HOBBI- JIOTNOJIHU- | CHUKEHHE
Kaue-
HOBaHHE HEHUE BEHHOE LIeHUe TEJIbHBIE Heratiea | ypo- |
(paxropa MOYBEHHOM | TUIONO- KILJ MHATATEIb MeCTU- Kal oast
BJIaru poaue | ymoOpeHHii | SJIEeMEHTHI 11201(0):) yp
Cenenofi 0 10 0 0 0 10 | 30
MaTepHuai
VY nobpenust Her
<l
AHHBIX 0 0 0 0 20 0
TlecTHuasl Her <0 0 0 0 20 0
JTAaHHBIX
MBPC 100 90 100 100 100 50 70

ITonHomacmTabHOEe INpUMEHEHHe OuolpenapaTa Ha IIOCEBaxX JIIOLEPHBI,
KYKypy3bl, STUMEHsI 00€CIIeUnT, HapsiAy C IMOBBILICHHEM YpPOKaiHOCTH, U BOC-
MIPOU3BOJCTBO MOYBEHHOIO IIOAOPOAMS, a TAKKE BHECET CBOIO JIENTY B CHUXKE-
HUE MHOTOMWJUTMAPIHBIX 3aTpaT IO pEHIeHHI0 MpoOiIeMbl oOecredeHus: Kop-
MOBO¥ 0a30ii >KHBOTHOBO/ICTBa PecmyOmuku.

3akmouenne. Ha ocHOBaHMM IPOBENEHHOIO KOMIUIEKCA HCCIEAOBAaHUI
HaMHU yCTaHOBJICHHI (haKTOPHI, 0OECIIEUNBAIOIINE PEIIeHHEe HEKOTOPHIX BBI30BOB
XXI Beka M ONpeAeNsIonIre MpOoIOBONBCTBEHHYIO Oe3omacHocTh [IporpaMmbl
«Crparerust «Kazaxcran-2050». B tabnuumax 6 u 7 mpuBeneHbl 3aBUCHMOCTh
Ka4eCTBEHHBIX NOKA3amenel COXpaHeHus No48eHHO20 NA000POOUs, Ypodicas U ee
Kayecmea om mexHoao2uu 006pabomxu nouesl, CEMEHHO20 Mamepuand, cpeocms
NUMAHUS U 3auumol pacmeHui.
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Pe3zrome
C. ¥cmanos

XXI FACBIPIBIH BEC )KAhAH/IbIK MOCEJIEJIEPI
JKOHE OJIAPJIbI HIEINY TYPAJIbI ¥ CbIHBICTAP

Makanaga Memieker OaciibIChiHbIH OenrineyiMen XXI rachipapiy Occ sxahaHIbIK
Kayin-Karepiepi, COHbBIH imIiHme Oi3MiH FallaMIIapbIMBI3JaFbl XaJbIKThI A3bIK-TYJIKICH
KaMTaMachI3 €Ty YIIiH — a3bIK-TYJIIK KayilcCi3airi, pecypcrapblH CapKbLUTYhI JKOHE JKEPIiH
TO3YHI, MaJ MapyanIbUIBIFEIHA KOKETTI )KEM-IIOI 0a3achl MCH KaHBUIBIMIIBIK Macelemepi,
Cy TaIIBUIBIFBL, XahaHIBIK SHEPTeTUKANBIK KayilCi3Mdiri, eKiHIII JXoHE YIIIHII eHep-
KOCINTIK PEBOJIIONMSA KEMIILTIKTEPi KapacThIppuiafpl. Omapiasl Imiemry OOHBIHIIA YCBI-
HBICTap YCHIHBITA/IbI.

durobunomnpenaparTslH xaHa OybHBI — MDPC mukpoOuoTsHANTKBIIEH 2003 —
2016 oK. apaibIFBIHIA MaMaHIAHIBIPBUIFAaH MHCTUTYTTapAa, TOKIpHOENT KoHe ToXKiph-
OemiK-eHIIPICTE JKYPri3UIreH 3epTTey HOTWKEIepiHiH, conmai-ak Kaszakcran Pecry6iu-
kaceiHga (2003-2017 xok.) 3 miH. ra acram aiimakra, TypikmeHcTaH MemiiekeTiHze
(2015-2017 xx.) — 90 mbIH ra, ©30ekcTan PecybnukacsiabiH 9 obnbiceiHaa (2013, 2014,
2017, 2018 sxx.), Peceii denepanmsceibiy 6 aymarbima (2013-2014 xok.) Koimany
HOTHIKEJIEPiHIH HeTi31H/e aHbIKTAJIIbL:

— MHUHEpaJIZIbl KOPEKTEH Iy HETi3iH/e TO3FaH XKepliepAeri jKa3/IblK KyMcak Ounait —
3-3,5 w/ra, cyapmaisl kepjeri murti-makra — 10-20 1/ra, KapToIl KoHE KOKOHic-0aKma
makeaapel — 150-300 m/ra, sxemic-xuaek xone xky3iMm — 100-150 w/ra, xem-mmem — 100-
150 1/ra KOCcEIMIIIa OHIM ay;

— MHUHEpaJAbl THIHAWUTKBIIITApABIH HOpMachkH 1,5-3 ece azaiiTy, cyapmaisl cy Tar-
IIBUTBIFEI MEH TONBIPAK BUFANABUIBIFEL 1,3 skoHe 1,7 ece, >KepliH TY3IBUIBIFBI, KYpFaK
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xennig 150-300%-ra TeMeHaeyl eceOiHEH aybul IapyallbUIbIK AaKbULIAPBIHBIH OHIM-
JUTITIH apTThIPY;

— KOCBHIMIIIAa ©HIMHIH IiCKE acBIPbUIybIHa OAWIaHBICTHI aybUI INAPyaIIbUIBIK JAKbLI-
JlapbIH ecipyzeri xxansl WeiFbIHAapbeiH 30-100%-Fa neitin xaly;

— OHIM >KMHaJFaHHAH KeiiH TombIpakTa ciHiMai Typreri NPK kopekrik amemeHT-
tepai 38-40 Kr/ra >koHe OpraHUKaNbIK 3aTTapabl 5-20 T/ra )XKUHAKTAY.

Aunprarad HoTIokenep XXI raceIpasiH Oec skahaHIBIK Kayin-KaTepIiH HEeTi3ri memnriMi
©O0JTBITT TAOBLTA B

Tyiiin cezgep: MOPC MHKpOOMOTHIHANTKBIIIBI, a3bIK-TYJIIK KayiNCi3airi, »epaiy
TO3YBI, JKeM-IIeIl 0a3ackl MEH Cy TaIlIbUIBIFBI Mocenenepi, jKahaHIbIK YHEePreTHKAJIBIK
Kayirnci3airi, OipiHI, eKiHII )KOHE YIIIHII UHIYCTPHSIIBIK PEBOJTIOLHUS KEMIILTIKTEPI.

Summary

S. Usmanov

FIVE GLOBAL CHALLENGES OF THE XXI CENTURY
AND SUGGESTIONS FOR THEIR SOLUTION

The review article examines the five global challenges of the XXI century, identified
by the head of state, concerning the provision of food to the population of our planet - the
threat to global food security, resource depletion and land degradation, the problems of
forage and pastures for livestock, acute water scarcity, global energy security, the short-
comings of the second and third industrial revolutions. Proposals for their solution are
submitted.

Based on reliable research results (2003-2016) carried out in specialized institutes,
experimental and pilot works, as well as the application of a new generation of phyto-
biopreparations — micro-biofertilization MERS in the Republic of Kazakhstan on an area
of more than 3 mill.ha (2003-2017), the State of Turkmenistan - 90 thousand ha (2015-
2017), the Republic of Uzbekistan in 9 oblasts (2013, 2014, 2017, 2018), in 6 regions of
the Russian Federation (2013-2014) MERS microbiological fertilizer is established:

— obtaining, on the background of mineral nutrition, an additional harvest of spring
soft wheat on rainfed lands — 3-3.5 c/ha, irrigation of raw cotton — 10-20 c/ha, potatoes
and vegetables — 150-300 c/ha, fruit vineyard 100-150 c/ha, fodder-100-150 c/ha;

— increase the productivity of agricultural crops with a decrease in the norm of
mineral fertilizers by a factor of 1.5-3 times, a deficit of irrigation water and soil moisture
of 1.3 and 1.7 times, salinity of lands, dry winds by 150-300%;

— coverage, through the implementation of additional crops, the total cost of culti-
vation of agricultural crops by 30-100% or more;

— accumulation in the soil after harvesting of an additional crop of 38-40 kg/ha
assimilated forms NPK nutrient elements and 5-20 t/ha organic.

The results are the basis for solving the five global challenges of the XXI century.

Key words: micro-biofertilizer of MERC, food security, land degradation, the prob-
lems of fodder and water scarcit, global energy security, disadvantages of the first, second
and third industrial revolutions.
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VK 547.992+631.872
C. V. YCMAHOB, V. K. JDKYCHIIBEKOB, I'. O. HYPI'AJIUEBA, I. T. OMAPOBA

AO «MucTuTyT Xumuuecknx Hayk nmeHn A.b.bektypoBa», Anmatsl, Pecrybnmka Kazaxcran

IHHOJIYYEHME U TIPUMEHEHHUE
HOBBIX MOJIN®UITUPOBAHHBIX
I'YMATCOAEPKAINIUX ITPEITAPATOB

AHHOTanusi. B crarbe mpezacraBieHbl pe3ybTaThl NCCIEOBAHHS TEOPETHUECKUX U
TEXHOJIOTUYECKUX OCHOB ITPOIIECCOB MOIYYCHHST MOIU(PUIIMPOBAHHBIX OMO- 1 MUKPOOHO-
yIoOpeHni W TyMaTCOAEp KalliuX MPOJYKTOB C BBHICOKOH CYMMOI NHTAaTENbHBIX KOMIIO-
HEHTOB. BBISBIICHBI B3aMOCBSI3b COCTaBa M CBOWCTB HOBBIX BHIOB NPOAYKTOB, ONTHMH-
3UpOBaHbl yCJOBUS WX HoiydeHus.IIpoBeneHbl MMPOKOMAcIITaOHBIE arpOXUMHUYECKUE
HCIBITaHUSA OMO- W MUKPOOMOYIOOpPEHNI W TyMaTCOACp)KalluX IPernapaToB Ha pas3iiind-
HBIX THmax no4yB Kasaxcrana m ctpan CHI'Ha pa3HBIX BHIaX CeNbCKOXO3SHCTBEHHBIX
KyJIBTYp. YCTaHOBIJIEHO, YTO OMO- U MUKpOOMOYI0OpeHHs U ryMaTcoAepiKaliue IpoayK-
TBI 00JIaAaI0T POCTOCTHUMYJIHMPYIOIIMMH, METHOPATUBHBIMHU, BIIArOyAEp>KUBAIOIIUMHU U
¢byHrunuaHeIMK cBolicTBamu. [TokazaHa MepCHeKTHBHOCTh MPUMEHEHHsT TyMaTCcoaepKa-
LIMX TPENnapaToB JUIsl MEeCKO3aJAepKaHus U MPeAOoTBPAIEeHUs OMyCThIHMBaHU B MaHruc-
TayCKOW 00JIaCTH IyTeM BBIPAIIMBAHUS aJaNTUPOBAHHBIX K MECTHBIM YCIJIOBUSIM pacTe-
Hui. PazpaboraHa mpakTHueckas peKOMEHIALUsl MO NPHUMEHEHHIO OMO- M MHKpPOOHO-
yIOOpEeHHH ¥ TyMaTCOAEPKAIINX MPOIYKTOB B arpoNpOMBIIUICHHOM KOMIUIEKCE.

KnaioueBble ciioBa: 0Mo-u MHKpOOMOYIOOpEeHHE, TyMaTcoJepkKallue HpPOIYKTHI,
TEXHOJIOTHSI, CETIbCKOE X035ICTBO, AarPOXUMHYECKHUE HCIIBITAHUS.

B macrosimiee BpeMs B MHpPOBOM MacmiTabe aKTyalbHBIM sIBIIsieTcst obec-
[IeYCHNE HaceJIeHNWe MPOJOBOIBCTBHEM, TaK KaK IUIaHETa IepeHaceseHa, MMOYBHI
Meperpy>kKeHbl, MPOUCXOAUT MPOLECC AETPalallii 3eMeNbHbIX yroaui. [lpu sTom
HaOMoJaeTcs TEHICHIMS CHIDKEHHS COJIep)KaHHs TymMyca B TOYBaxX, 3a CYET
YBEIMYCHUS TUIOMAAN dPOIUPOBAHHBIX, 3aCOJICHHBIX, 3arPSI3HEHHBIX M OIYCTHI-
HEHHBIX 3eMeEJib, 8 TAKXKE M3-3a MMOCTOSTHHOW dKCITyaTanuu mouBsl. [lousa B cpen-
HeM nonrydaeT 10% muHepanbHbix BemiecTB U 20% OopraHu4ecKkux yAoOpeHHi oT
HeoOxoammoro o0sema. Kpome Toro, upesmepHoe M HeparioHAIBHOE HCIIOJNb-
30BaHME CPEJCTB HA MHUHEPATHHOW OCHOBE, a TaK)Ke MPUMEHEHHUE TECTHUIINIOB
CHOCOOCTBYIOT 3arpsi3HEHUIO TOYBBI TSHKEIBIMH MeTaiuiamu. [l pemeHus 3tux
mpo0JieM TPHUMEHSIOTCS OMO-, MHKpOOMO- W TyMaTcoepiKamue IPOIyKTHI,
coderaromue B ce0¢ ACHCTBUE OPTaHMYSCKUX W MUHEPAIBHBIX BEIIECTB, HO TIPH
ATOM HCKJIIOYAIONIMX BPEIHBIC ISl MOYBHI JOOABKUA. DTO MO3BOJSIET HCIIONB30-
BaTh WX a0CONIOTHO B IIOOBIX YCIOBHUSIX 3E€MJICNIENHS, TPU ITOM YITydIIaeTcs
CTPYKTypa TIOYBHI W €€ arpoXMMHYecKue, arpou3udeckne W OHOIIOTHUECKHE
XapaKTEPUCTUKH, TTOBLIIIACTCS COACPKAHUE B HEM rymMyca, yMEHBIIIAETCS JIETOK-
CUKaIUs ¥ YPOBEHb 3po3uu. [IpuMeHeHre ux CrocOOCTBYIOT IMOIYYECHHUIO BBICO-
KHX YpOXKaeB U KaueCTBEHHOW MPOIYKIMHA. HeMaaoBaKHBIM (akTOPOM SBIISIETCS
TO, YTO CBIPbEM I WX TOMYYEHHUS HCIOIB3YIOT MPUPOTHO-MHHEPATHHOE
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(pocdopursl, Oypsie yriu, pacTUTENbHBIE IKCTPAKTHI U TIP.) U TEXHOTeHHOE ((oc-
¢doputHas Menous, Gocdoruric u ap.) ceipbe Kazaxcrana.

B HUncturyre xummnueckux Hayk umeHu A.b.bektypoBa noJ pyKOBOIACTBOM
n.T.H., podeccopa C.Y.YcmaHoBa J1abopaTopuss HEOPTAaHUYECKOTO CHHTE3a H
MaTepHajoB 3aHMUMaeTcs pa3paboTKON QyHIaMEHTAIBHBIX W MPHUKIAJAHBIX OCHOB
MaJIOTOOTXOJ/HOM 3HepropecypcocoOeperatonieid TexHosioruu [1-4]. PaboTel Ha-
MIpaBJICHBI Ha CO3[]aHKE MPOU3BOJACTBA, MPOABMKEHNE HA PHIHOK OTEUECTBEHHBIX
00orameHHbIX 0Mo-, MUKPOOHOYI0OOpEHNH 1 TIECTHIIMIHBIX MpenapaToB C pery-
JIUPYEMBIM KOMITIOHECHTHBIM COCTaBOM U 33JIaHHBIMHU CBOMCTBaMH (PUCYHOK 1).

Pucynoxk 1 — UcnpiTanne 6no- 1 MUKpoOMOy10OpeHHid Ha SIpOBOH MIIEHHUIIE

Ha ocHOBaHWU TpOBENEHHBIX (YHAaMEHTAIBHBIX U MPUKIAIHBIX HCCIEI0-
BaHUH B O0JIACTH XUMHH, XUMUYECKOW TEXHOJIOTHUH, arPOXUMHUH, IOYBOBEACHNUS,
[TOYBEHHOW MMKPOOWOIIOTHH, TOKCHKOJIOTHH W XHUMHYECKOH TOKCHKOJIOTHH
BriepBbie B PecryOnuke Kazaxcran pazpaboTaHbl AEHCTBYIOIIME BEIIECTBA U HA
WX OCHOBE MpenapaTHBHBIE (OPMBI MECTUUUAHBIX MPENapaToB — MPOTPABUTENN
CEMSH XJIOIMYaTHHKA, MMIIEHUIIBI, TYMEHS, CHCTEMHOT0, KOMOMHUPOBAHHOTO, KOM-
IUIEKCHOTO TepOUIUIOB, Ne(OINAaHTOB XJIOMUYATHUKA, XHMHUUECKIX METHOPAHTOB,
OpTaHOMHUHEPAJIbHBIX yNOOpEeHHH, OHMOmpenapaTtoB, CTHMYJISATOPOB poOcTa U
pasButus pacrenuit (2000-2005 rr.), OHOMECTHIMIOB, ONOPYHTHUIIUIOB, MHKPO-
6mo-, MuKpopuToOHO- 1 6Moynoopenwmit (2004-2017 rr.).

Ha ocHOBaHMM NpPOBEINECHHBIX COBMECTHBIX MCCIIENOBaHUN ¢ MHCTHUTYyTOM
obmieit Heopranmyeckoi xummu AH, WMHCTHTyTamMu TMOYBOBEAEHWS, XJIIOMKO-
BOZICTBa W 3epHOBBIX KynbTyp, MCBX PY3 C.Y. YcMaHOBBIM OITydeHBI pa3pe-
HIMTENIbHBIE JOKYMEHTBI Ha UCIIOJIb30BaHUE OHMONpenapaTroB U OMoyaoOpeHuil B
Pecnybnukax Kazaxcran u Y30ekucran, Typxmenucrane, Poccuiickoit ®ene-
pamnu. B PecryOonuke Kazaxcran miomanb MCIONB30BAaHUS TPENapaToB, pas-
paborannbix C.Y.YcemanoBeM B miepuos 2001-2016 rr., coctaBuma 6,38 MiH ra.
[IpenapaTsl peann3oBaHbl HA cymMMy 2,7 MJpA. TEHIre, U3 HHUX IO CyOCcHAMH
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800 mmH Tenre. B Typkmenncrane miomaab MPUMEHEHNS MUKPOOHOYAOOpEeHUs
MD3BPC B 2016 r. coctaBun 45 Teic. ra. buonpemapat B koin4uecTse 45 T peann3o-
BaH Ha cymmy 810 Teic. momn. CIIIA.

B maboparopun xumun yaoOpeHHH W COJiel MO PYKOBOACTBOM HIIEH-KOP-
pecnonaenra HAH PK, Y.K./[xycunbekoBa mpoBOAATCS WCCIENOBaHUA B 00-
JIACTH TOTyYeHUs] HOBBIX MOAM(DHUIIMPOBAHHBIX TYyMaTCOAEP KAIINX MaTEePHUAIOB U
ynooperwnii [5-7]. Co3maHbl GU3HKO-XUMUIECKHE OCHOBBI MPOIECCOB KUCIOTHOM
U MENOYHOW MomuduKamuu OypeIX yrieH, B3auMoaeucTBus (ocdop-comeprxa-
LIErO CHIPbSI U T'yMUHOBBIX coeluHeHuil. [IpeuioskeH XumMu3M NpoTeKaromuX Ipu
3TOM IPOLIECCOB U BBIIBJIEHBI OOIINME 3aKOHOMEPHOCTH, YCTAHOBJIEHA B3aUMO-
CBSI3b COCTAaBA U CBONCTBA I'yMaTCOJEpPXKALUX IPOLYKTOB OT YCIOBHUH IpoBexe-
HUS TIPOIIECCOB, pa3paboTaHbl HHHOBAITMOHHBIC CITOCOOHI MTOTYICHUS MOAUDHUITHI-
POBAaHHBIX TYMaTCOJEPXAIIUX MPOIYKTOB, TO3BOJSIONIMNE B OJHOM TEXHOJIOTH-
YECKOM LIMKJIE B 3aBHCHUMOCTH OT YCJOBUIl M IapaMeTpoB IpoLecca IOIydaTb
pa3Hble IPOIYKTHI C 33JaHHBIMH COCTaBOM M IIPOTHO3HUPYEMBIMH XapaKTepHUC-
THUKaMH.

[IpoBenens! mumpokoMaciiTaOHbIE MPOU3BOACTBEHHBIE AarpOXUMHUYECKHE
WCIBITAaHUS TyMmMaTcoepxkamux npenapatoB Ha momsax PI'TI «XKaceun aiimax» (T.
Acrana), HIIL[ um. A.M. bapaesa, PI'’KII «Kokmerayckuii 1ecHOW CeneKIuOH-
HBI TeHTp» (AKMonmHCKas o0y.) MHctuTyra OMONOTMUM W OMOTEXHOJOTHUH
pactenuit MOH PK, PI'KII «AnmMaTHHCKHIA JTIECHOH CENEKIMOHHEIHN 1IeHTp», TOO
«3enencrpoit», TOO «Kacbur anma», TOO «Marnonus ducrapa» (r. AnMarsr),
TOO «Ka3zHUU xaprodeneBoactBa u osomeBojactBay, CIIK «bynman» (Anma-
tuHCKas 00:1.) [8-10]. K umcny Takux ydpexIeHUil OTHOCUTCS U YTpaBJicHUC
MIPUPOAHBIX PECYPCOB M PEryJIMPOBAHUS MPHUPOAONOIB30BaHUS MaHIHUCTayCKOH
0611., I'KIT «Koktem», TOO «CaspiyOperating», TOO «3kcno-Tpeinuary, OO0
«Arpopoct» (r. Aktay) u cmr. Ne20 (r. YKanaoszen), B xo3siiicTBax JKaHakop-
ranckoro paiiona (Kei3pumopaunckas 00:1.) Ha 3¢pHOBBIX, 0000BBIX, TEXHUYECKHUX,
OBOIIHBIX, IJIOJJOBO-STOJHBIX, I[BETOYHBIX, XBOWHBIX, JHCTBEHHBIX, JEKOPATHB-
HBIX KyJbTYpaxX Ha pa3HbIX MOYBEHHO-KIMMATHIECKUX YCIOBUSIX (PUCYHOK 2).

B xoxe npoBeneHHBIX PadOT yCTaHOBJIECHO, YTO UX MPUMEHEHNUE MPUBOIUT K
MOBBIILICHUIO BCXOXKECTU CEMSIH M TNPHKMBAEMOCTH paccaabl M caxeHueB (98-
100%), yBemW4eHHIO YPOKaWHOCTH HMCHBITYeMbBIX KyibTyp (15-45%) m ymyd-
IIEHHIO0 KauyeCTBO MOTOBOW MPOAYKIIMH, COKPAIIEHNUIO CPOKOB BETeTalllH, IIBETE-
HUs U co3peBaHust (7-10 ngHei), K TOBBIIIEHUIO YCTOWYMBOCTH CEIBCKOXO3SM-
CTBEHHBIX KYJIbTYpP K OMOTHYECKHM 1 aONOTHYECKUM CTPECCAM.

[Ipemapar «Cymneprymar» BHeapeH B TOO «3enencrpoit», TOO «Kacein
anMa» 1 TOO «Marnonus Jlucrap» 1 UCHIOIB3YETCs AJI O3€JICHEHHS T AJIMaTHI.
Pa3paboranbl Hay4HO-0OOCHOBAaHHBIE PEKOMEHIALMK IO CIIOCOOaM, HOpMaM MU
CpOKaM TPHUMEHEHHUsI TyMaTCOAEpKalllMX IPOAYKTOB Ha PA3IHYHBIX CEIHCKO-
XO3SIICTBEHHBIX KYJIbTYpax U 3€JIEHBIX HACAXKACHUSAX.

C 2006 r.mpoBOAATCS MCHBITAHUS TyMaTCOIEpKallUX MpenapatoB B MaH-
rucrayckoM U KapakusHckoMm paiioHax MaHTHCTayCKOW OON. TpPH PEeKyIbTH-
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PI/ICyHOK 2 — Ucnibrtanue TyMaTCOACpKaIUX NpernapaToB Ha pa3IMYHbIX KYJIbTypax

BAaIlMU 3arpsI3HEHHBIX M JETPAaJUPOBAHHBIX ITOYB OOJIACTH IyTEM BBIPALIMBAHUS
aIalTUPOBAHHBIX K MECTHBIM YCIIOBUSIM pacTEeHH (YEpHOTO cakcaylia, XKy3reHa,
aiinanna, Kaparama u 1p.). Y CTAaHOBJICHO, YTO NIPUMEHEHHE MOIU(PULUPOBAHHBIX
TYMHHOBBIX HPETapaToB CIIOCOOCTBYET (hOPMUPOBAHUIO OoJiee Pa3BETBICHHON M
MOIITHOH KOPHEBOW CHCTEMBI, TOBBIIECHUIO KOA(PQPUIMEHTa HCIOJIL30BaAHNUS
pacTeHHAMH TOYBEHHOH BJard, MPUBOAUT K BOCCTAaHOBJICHHIO OITyCTBIHEHHBIX
[I0YB M OCTAHOBKE ITOABMKHBIX OapXaHOB.

TaxuMm 00pa3oM, Ha OCHOBAaHMM IIPOBEICHHBIX CHCTEMATH4YECKUX HCCIENO-
BaHUH cO3/1aHBl (PU3UKO-XUMHUECKHE W TEXHOJOTHYECKHE OCHOBBI HPOLIECCOB
rmosrydeHusi Ono-, MEKpOOHWO- M TyMaTCOIEpKallluX IMPOIYKTOB, MOIH(PHUIIHPO-
BaHHBIX HEOPraHWYECKMMU M OPraHUYECKHMMU MakKpO- U MHUKPO3JIEMEHTaMU U3
MPUPOAHOTO M TEXHOTEHHOTO ChIpbsi Kazaxcrana, pa3paboTaHbl crocoObl HX
MPUMEHEHUS TS BRIPAIBAHUS PACTCHUH.

[TpoBeneHBI MPOU3BOACTBEHHbBIE arpOXMMUYECKHE MCTIBITAaHUS OMO-, MHKPO-
O0Mo- M TyMaTcojep)KalluX MPOAYKTOB B Pa3HBIX MHMOYBEHHO-KIMMATHYECKHX
ycnoBusix Kazaxcrana u crpan CHI™ Ha pa3inuuHBIX KyJbTypax.

Coasmopyi evipadicarom 02pomHylo 01a200apHOCMb U NPUSHAMETbHOCTb
dokmopy mexHuveckux Hayk, npogheccopy Cynmany Ycmanosuuy 3a MHO20Aem-
HUIO COBMECMHYI0 NA000OMEOPHYIO pabomy, KOHCMPYKMuUGHble uoeu u Myopbvle
peutenus. Om 6ceeo cepoya nozopasisiem ¢ wouieem u sxeiaem Bam oanvheil-
wux nobed u OoCMudiCeHUll Ha NPohecCcUOHANILHOM NoNpuLe.
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Pe3rome
C. V. Yemanos, 6. JK. JKycinbexos, I'. O. Hypeanuesa, I. T. Omaposa

K¥YPAMBIHIIA 'YMATHI BAP ’)KAHA TIPEITAPATTAP/IbI
AJIY )XOHE KOJIIAHY

KazakcranHblH TaOWFH KOHE TEXHOTEHIIK IMIMKi3aTTapbhlHAH TYPJICHOIpIATreH OWo-
JKOHE MHMKPOOHOTBHIH aWTKBIIITAP MEH KypaMbIHIa T'yMaThl Oap eHiMuepai amy ypraicre-
PiHIH (QHU3UKA-XUMHUSIIBIK JKOHE TEXHOJOTHSUIBIK 3aHABUIBIKTAph! 3epTreni. JKypriiareH
arpoXMMHMSUIBIK CBIHAKTAp allbIHFAH JKaHa OHIMJEP/IH aybll IapyalibUlblK AaKbUIaPbIH
ecipy/ie THIMAUTITIHIH )KOFapbl eKeHIrH KepceTTi. by nmpenaparrapabiH op TYpili TOMbI-
PaKTHIK-KIMMATTHIK XaFaaiaap/aa KojJanyra O0IaThIHIbIFbl aHBIKTaJIIbL.

Tyiiin ce3nep: 610- )xoHE MUKPOOHOTHIHANTKBIIITADP, KYPaMbIHAA TyMaThl 0ap eHIM-
Jiep, TEXHOJIOTHS, aybUI IapyaIIblIbIFbl, arpOXHUMHUSUIBIK CHIHAKTAP.

Summary
S. U. Usmanov, U. Zh. Dzhusipbekov, G. O. Nurgalieva, G. T. Omarova

RECEIVING AND APPLICATION
OF NEW MODIFIED HUMATE-CONTAINING PREPARATIONS

The physicochemical and technological regularities of the and technogenic raw
materials of Kazakhstan are studied. Agrochemical tests of new types of products have
shown their high efficiency in growing crops. The possibility of their use in different soil
and climatic conditions is established.

Key words: bio- and microbiofluorification, humate-containing products, techno-
logy, agriculture, agrochemical tests.
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ESTERS OF CYCLOPROPANECARBOXYLIC ACID DISPLAYING
ANTI-INFECTIVE ACTIVITY

Abstract. A number of esters of cyclopropanecarboxylic acid of N-alkyl naphthylo-
xypropynylpiperidines antimicrobial activity have been studied in relation to the archival
strains of microorganisms. The activities of the given preparations have been assessed in
vitro in relation to Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922,
Salmonella enterica ATCC 14028 and Staphylococcus aureus ATCC 6538-P, among
which hydrochloride of 1-methyl-4-[3-(naphth-1-yloxy)prop-1-in-1-yl]-4-cyclopropane-
carbonyloxypiperidine has displayed the greatest activity in relation to the archival strain
of Bacillus subtilis ATCC 6633 in the concentration of 250 pg/ml.

Esters of cyclopropanecarboxylic acid of N-methyl phenoxypropynylpiperidine and
phenyl ethinylpiperidine have displayed antimicrobial activity in vitro in relation to all
seven strains of microorganisms, used in the experiment: Escherichia coli ATCC 25922,
Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneu-
moniae ATCC 700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus
ATCC-BAA-39, Candida albicans ATCC 10231.

Hydrochloride of ester of N-benzylpiperidine-4-ketoxime of cyclopropanecarboxylic
acid has a bactericidal activity in relation to the strains of the testing cultures of Eshirichia
Coli1257 and Staphylococcus aureus 209-P.

Key words: cyclopropanecarbonylchloride, piperidine, esters, antimicrobial activity.

Despite of a huge arsenal of available medicines, the problem of searching of
new highly efficient medicinal preparations remains topical. This is stipulated by
the lack or insufficient efficiency of medicinal preparations for treatment of
certain diseases; side effects of certain medicinal remedies; their validity period
limitations [1].

Based on the analysis of the scientific and patent literature the authors [2]
point out, that the search of new synthetic medicinal preparations is mainly
carried out in three directions:

1) modification or further development of the existing biologically active
matrices;

2) molecular design of the structures, including the fragments of natural
compounds;

3) molecular design of completely new classes of organic compounds, main-
ly of the heterocyclic series.

At present, the creation of innovative medicinal preparations include the
obtaining of new chemical products and synthesis of pharmacologically active
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metabolites or their isomers. The development of modern medicinal forms with
improved pharmacokinetic properties and new drug delivery means, creation of
multicomponent biotechnological or bioengineered preparations and medi-
cines.

The substances, containing in their structure as fragment of cyclopropane, are
considerable interest for the both organic chemists and biochemists. A three-
membered saturated carbocycle is a structural element with a huge synthetic
potential, stipulated by a high voltage energy (~ 27,5 kcal/mol) of an unusual type
of carbon-carbon bonds, called the “banana bonds”. By their nature, they are
intermediate between o- and m-bonds, due to which cyclopropane derivatives
enter into various reactions of cycle opening and extension, as well as the reac-
tions of cycloaddition [3, 4].

Many natural and synthetic compounds containing as cyclopropane fragment
with a simple functionality, possess a wide spectrum of biological properties [5],
ranging from enzyme inhibition to insecticidal, antifungal, herbicidal, anti-
microbial, antibiotic, antibacterial, antitumoral [6] and antiviral, antiestrogenic,
agonistic properties. The studies in the field of biosynthesis and metabolism of
cyclopropane derivatives provide the information, which is required for the
development of new medicinal preparations [7]. Heterocyclic compounds, posses-
sing a cyclopropyl group as a substituent, are of special interest [8-10].

Being present in animals, plants and microorganisms or temporarily appea-
ring upon primary and secondary metabolism, they provide convenient biological
probes for mechanistic studies, and make it possible to develop new medicinal
preparations.

In terms of medical use, it is noteworthy, that eight of the two hundred best-
selling pharmaceutical preparations are the compounds, containing a cyclopro-
pane fragment [5]:

Ciprofloxacin Ofloxacin
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Sparfloxacin Trovafloxacin

Thus, cyclopropane-containing antibacterial agents, such as ciprofloxacin
CPFX, ofloxacin OFLX, sparfloxacin SPFX and trovafloxacin, are members of
the principal class of broad-spectrum antibacterial medicinal preparations, and are
widely used for the treatment of patients.

A piperidine ring is the ubiquitous structural feature of many alkaloid natural
products and medicine candidates. Watson P.S. et al. [11] believe, that thousands
of piperidine compounds have been mentioned in clinical and preclinical studies
for the last decade. Nevertheless, the variety of functional and substituent struc-
tures, found in the piperidine targets, and the generally accepted concept, that the
biological properties of piperidines strongly depend on the type and location of
substituents on the heterocyclic ring.

The search for new compounds with antimicrobial and virucidal activities,
including those capable to induce reversion of medicine susceptibility, is related
to a priority direction in the field of development of new anti-infective medicinal
preparations. The importance of the scientific research, despite the availability of
a wide range of antibacterial medicinal remedies, is associated, first and foremost,
with the high adaptability of pathogenic organisms to the medicinal preparations,
including antibiotics [12-14].

This work is a continuation of the studies in the synthesis of new antibac-
terial medicinal preparations in a series of piperidine-containing derivatives of
cyclopropanecarboxylic acid [15, 16].

The compounds with the codes AIP and AGP have been studied for an anti-
microbial activity. The results of the biological tests are presented in tables 1-3.
The research model includes the required minimum of tests with different degrees
of sensitivity in vitro [17]. The research scheme has been implemented in accor-
dance with the current methodical recommendations, approved by the State
Pharmacological Committee of the Republic of Kazakhstan [18].

Study of a biological activity. The compounds with the codes AIP-30,
AIP-31, AIP-32, AIP-33 have been studied for an antimicrobial activity in rela-
tion to the archival strains of microorganisms, the activities of these preparations
have been assessed in vitro in relation to Bacillus subtilis ATCC 6633, Esche-
richia coli ATCC 25922, Salmonella enterica ATCC 14028 and Staphylococcus
aureus ATCC 6538-P:
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As it is seem from the results presented in table 1, the compounds AIP-30
and AIP-31 [19-20] possess an antimicrobial activity in relation to all strains of
microorganisms, used in the experiment. The compounds AIP-30 and AIP-31
display antimicrobial effects to different extents, AIP-30 has displayed the
greatest activity in relation to the archival strain of Bacillus subtilis ATCC 6633
in the concentration of 250 pg/ml. Streptomycin has been active in relation to the
gram-negative strains of microorganisms (Escherichia coli, Staphylococcus
aureus, Salmonella enterica), and its efficiency in relation to Bacillus subtilis
makes up only 50-60%.

Table 1 — Antimicrobial activity of AIP-30 - AIP-33

. MIC, pg/ml
Strain
Code Bacillus Escherichia Staphylococcus Salmonella
of the subtilis coli aureus enterica
compound ATCC 6633 | ATCC 25922 ATCC 6538-P | ATCC 14028
AIP-30 250 250 1000 500
AIP-31 250 500 1000 1000
AIP-32 1000 - - -
AIP-33 500 2000 - -

The compound AIP-32 [21] possesses an antimicrobial activity in relation
to the archival strain of Bacillus subtilis ATCC 6633 in the concentration of
1000 pg/ml.

The compound AIP-33 [22] possesses an antimicrobial activity in relation to
the archival strain of Bacillus subtilis ATCC 6633 in the concentration of
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500 pg/ml, and it displays an activity in relation to Escherichia coli in the high
concentration of 2000 pg/ ml.

Thus, it has been established, that AIP-32 displays a selective antimicrobial
activity to the one type of the archival strains, and AIP-33 — to the two types of
the archival strains, used in the experiment.

The compounds with the codes AIP-36, AIP-47 have been studied for an
antimicrobial activity in relation to the archival strains of microorganisms, the
activities of these preparations have been assessed in vitro for Escherichia coli
ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae ATCC
10031, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC
6538-P, Staphylococcus aureus ATCC-BAA-39, Candida albicans ATCC 10231:

Table 2 — Antimicrobial activity of AIP-36, AIP-47

. MIC, pg/ml
Strain Esche- | Esche- |Klebsiella | Klebsiella | Staphy- | Staphy- |Candida
Cod richia |richia coli| pneu- pneu- |lococcus| lococcus |albicans
fo he coli ATCC- monia monia aureus aureus ATCC
of the d ATCC | BAA- | ATCC | ATCC | ATCC | ATCC- | 10231
compoun 25922 196 10031 | 700603 | 6538-P | BAA-39
AIP-36 1000 2000 1000 2000 2000 2000 1000
AIP-47 1000 2000 1000 HA 2000 2000 1000

As it is seen from table 2, the compound AIP-36 [23] possesses an antimic-
robial activity in relation to all seven archival strains of microorganisms, used in
the experiment: Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC
10031, Candida albicans ATCC 10231 in the concentration (MIC) of 1000 pg/ml,
and in relation to Escherichia coli ATCC-BAA-196, Klebsiella prneumoniae
ATCC 700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus
ATCC-BAA-39 — in the concentration (MIC) of 2000 pg/ml.

AIP-47 [24] also displays an antimicrobial activity in relation to all seven
archival strains of microorganisms, used in the experiment: Escherichia coli
ATCC 25922, Klebsiella pneumoniae ATCC 10031 in the concentration (MIC) of
1000 pg/ml, and in relation to all other strains of microorganisms - in the
concentration (MIC) of 2000 pg/ml.

Hydrochloride of ester of 1-benzyl-piperidine-4-ketoxime of cyclopropa-
necarboxylic acid with the laboratory code AGP-6 [25] has been studied for an
anti-infective activity and acute toxicity. The data have been compared with the
indices of streptomycin. The results of the study are presented in table 3.

The toxic dose of the preparation AGP-6 is 833.3 + 17.8 mg/kg, which is
almost 4 times lower, than the toxicity of streptomycin, used as a reference. It has
turned out, that the preparation AGP-6 possesses a bactericidal activity in relation
to the testing cultures of Eshirichia Coli1257 and Staphylococcus aureus 209-P
both in the concentrations of 1% and 3%.
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Table 3 — Results of the biological study of AGP-6 and streptomycin

Bactericidal activity in relation to
Prep a- LDso, 1 % concentration 3 % concentration
ration mg/kg
E. Coli 1257 | St. aureus 209-P | E. Coli 1257 | St. aureus 209-P
Growth inhi- Growth inhi-
AGP-6 833.3+ bition of the 15 mm bition of the 25 mm
17.8 microorganis microorganis
m the well m the well
Growth inhi- Growth inhibi- Growth inhi- | Growth inhibi-
Strepto- 213.8+ bition of the tion of the mic- bition of the tion of the mic-
mycin 22.61 microorganis | roorganism the microorganis | roorganism the
m the well well m the well well

The total assessment score of a locally irritating effect of AGP-6 on skin and
ocular mucosa (cornea and conjunctiva) is equal to 3. This value is related to the
4™ class of chemical hazard by toxicological properties according to Methodology
Guidelines 12.1105-02. Besides, slight erythema, scaling and irritation of skin
ha\}/]e been observed for 10 days, all irritation signs disappearing completely on the
14" day.

Thus, according to the instruction for the experimental (preclinical) study of
new pharmacological substances, the test compounds may be used in additional
studies for revealing an antimicrobial activity on a wider range of microorga-
nisms.

Conclusion. Hydrochloride of 1-methyl-4-[3-(naphth-1-yloxy)prop-1-in-1-
yl]-4-cyclopropanecarbonyloxypiperidine (AIP-30) has displayed the greatest
activity in relation to the archival strain of Bacillus subtilis ATCC 6633 in the
concentration of 250 pg/ml.

Esters of cyclopropanecarboxylic acid of N-methyl phenoxypropynyl-
piperidine and phenyl ethinylpiperidine, AIP-36 and AIP-47, have displayed an
antimicrobial activity in vitro in relation to all seven strains of microorganisms,
used in the experiment: Escherichia coli ATCC 25922, Escherichia coli ATCC-
BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC
700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus ATCC-
BAA-39, Candida albicans ATCC 10231.

It has been also shown, that hydrochloride of ester of N-benzylpiperidine-4-
ketoxime of cyclopropanecarboxylic acid (AGP-6) suppresses the growth of E.
Colil1257 and St. aureus 209-P with low toxicity.

Thus, it has been shown, that the directed introduction of a cyclopropanecar-
boxylic fragment into the structure of naphthyloxypropynylpiperidine, pheno-
xypropynylpiperidine, phenylethynylpiperidine and N-benzylpiperidine-4-keto-
xime leads to the compounds of an anti-infective activity.
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Pe3ome
I'. C. Axmemosa, ¥. b. Hcaesa, @. M. Caovipbaesa, K. /]. ITipanues, H. B. Kopomeyxas

NHOEKIUATA KAPCBI ©CEPI BAP
MUKJIOIIPOITAHKAPBOH KbIIIKBIJIBIHBIH KYPIEJII 5OUNPJIEPI

N-ankutHa( THIOKAICHIPONTIIT THIIEPUINHIIEPAIH IMKIONPOIIaHKapOOH KBIIKBUIBI-
HBIH KYpZeli 3upIepiHiH KaTapbl MHUKPOOPTaHU3MICPAIH MYpakaillibl MITaMMIapblHa
KaTBICTBI MHUKpOOKa Kapchl OenceHmimiri 3eprrenmi. Bacillus subtilis ATCC 6633,
Escherichia coli ATCC 25922, Salmonella enterica ATCC 14028 xone Staphylococcus
aureus ATCC 6538-P OoifplHIIAa OCBI TpemapaTTapAblH ocepi OaralaHIbl, OJApIBIH
apaceiHIa 1-metnin-4-[3-(HadT-1-unoken)mupor- 1 -uH- | -1 |-4-nmukTonponanKapOOHMIIOK-
cununepuauH ruapoxaopuni Bacillus subtilis ATCC 6633 Mypaxkailibl IITaMMbIHA
KaThICTBI 250 MKI/MJI KOHIICHTpAIKsIa JIIeKaii1a sKOFapbl OCICEHIITIK KOPCETTI.

N-MeTHn(peHOKCUTIPOITUHIIITUIICPUINH JKOHE (EHWITHHWITUIICPUIMHHIH [TUKIIO-
MponaHapOOH KBIIKBUIBIHBIH KYpaeni a¢upiepi ToxipuOere anblHFAH OapibIK JKeTi
MHUKpPOOpPraHu3M mrammaapeina: Escherichia coli ATCC 25922, Escherichia coli ATCC-
BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC 700603,
Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus ATCC-BAA-39, Candida
albicans ATCC 10231 katbICTHI in Vitro MEKpOOKa Kapchl OSIICCHIUTITIH KOPCETTI.

[Muxronponankap60H KBIIKBUTEI N-OeH3MmmUnepuauH-4-ketokenm 3¢upinia 1%
xoHe 3% -mpl THapoxiopun epitiHaepi Eshirichia Colil257 xone Staphylococcus
aureus 209-P MUKpOOpPraHU3MAEPIHIH ChIHaMa-TaKblI MTaMIapbiHAa Kapchl OaKTepHITHI-
TIK 9cepre ue eKeH I aHbIKTaNIbI.

Tyiiin ce3mep: HUKIONPONAHKAPOOHHUIXJIOPH I, TUIIEPUIHMH, KYpAei dbupiep, MUK-
poOKa Kapchl OCICCHILTIK.
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Pe3zrome

I. C. Axmemosa, Y. B. Hcaesa, @. M. Cadvipbaesa,
K. J. Ilpanues, H. B. Kopomeyxas

CJIOXHBIE O5OUPBI L[I/IKJ'IOHPOHAHKAPBOI:IOBOP'I KHCJIOTBI
C [IPOTUBOMH®EKIITMOHHBIM JEUCTBUEM

Psan cnoxHBIX 3pHPOB NUKIOMPONAHKAPOOHOBOH KHCIOTHI N-aiKuil Ha(THIOKCH-
MIPONMHIITUIIEPUINTHOB OBLUTH M3Y4EHB HA aHTHMHUKPOOHYIO aKTHBHOCTh B OTHOIICHUH
MY3EHHBIX IITaMMOB MHKPOOPTaHU3MOB, OIICHEHbI JEHCTBHS JAHHBIX NPETAPATOB in Vitro
B otHomenuu Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922, Salmonella
enterica ATCC 14028 u Staphylococcus aureus ATCC 6538-P, cpenu KOTOpBIX Hawm-
OOJIBIIYIO aKTMBHOCTH MPOSIBUII ruppoxiopun 1-metuin-4-[3-(Hadr-1-nnoken)npon-1-nn-
1-n11]-4-1MKIIONIPOIIaHKapOOHMIIOKCHUITUIIEPUANHA B OTHOLICHUHM MY3€HHOro IITamma
Bacillus subtilis ATCC 6633 B konueHTpauuu 250 MKr/mit.

CrnoxxHbIe 3QUPBI TUKIONPONAaHKapOOHOBOI KUCIOTHI N-MeTH (peHOKCHUIIPOTTHHIII-
TUIEepUAnHA U (SHIWIdTHHUWIHIIEPUANHA TIPOSBIIIN TPOTHUBOMHUKPOOHYIO aKTHBHOCTb in
Vitro B OTHOILICHUM BCEX CEMH IITAMMOB MHKPOOPTIaHM3MOB, B3STBHIX B JKCIEPHMEHTE:
Escherichia coli ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae
ATCC 10031, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC
6538-P, Staphylococcus aureus ATCC-BAA-39, Candida albicans ATCC 10231.

Oxkasanock, 4to 1 u 3% pacTtBopsl ruapoxiopuaa 3dupa N-OeH3uIMUNepuIuH-4-
KETOKCHMa IUKJIOMPOTIAHKApOOHOBON KHCIOTHI 00JIafaeT OaKTePUITUIHBIM JeHCTBHEM
IPOTHB IITAMMOB TECT-KYJIBTYP MHKpOOpraHusmoB Eshirichia Colil257 wu Staphylococ-
cus aureus 209-P.

KirroueBble cJ10Ba: [UKIONPONAHKAPOOHMIXIOPU, TUTICPUIIIH, CIOXKHbIC d(Du-
PBL, aHTUMUKPOOHAs! aKTUBHOCTb.
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'AO «MHCTHTYT XHMEYecKnX HayK uM. A B. Bextyposa», AnMatsl, Pecniy6muka Kazaxcra,
2PI'TI «HauuoHaNbHbI HaydHBI IeHTp PTH3HOMYIbMOHOTOrHH Pecy6mukn Kasaxcran» M3 PK,
Anmarsl, Pecriy6nuka Kazaxcraw,
3PI'Tl «HanmoHanbHBI [IeHTp GHOTEXHOTOTHI», AcTana, Pecry6uka Kasaxcran

IN VITRO MIPOTUBOTYBEPKYJIE3HAS U
MPOTUBOJUABETUYECKASI AKTUBHOCTD
O-TO3UJIATOB-B-AMUHOIIPOMMIOAMUTOKCHUMOB U
XJOPUJOB 2-(TETEPOAMMHO)-1,5-TUA3ACIIUPO[4,5] IEKAH-1-
EH-5-AMMOHUYMOB

AHHOTanus. VMcxons U3 akTyajabHOCTH MoKcKa Oosiee 3 PEKTUBHBIX METOJIOB JIede-
Husl TyOepkyne3a u caxapHoro anadera II O-to3unarsl-B-aMHHONPOITHOAMHIOKCHMOB H
XJIOPHUBI 2-aMUHO-4,5-TUTUIPOCTIMPONTNPA30IHIaMMOHINYMOB, TIOyYSHHBIE C BBIXOAaMH
50-86%, ObLTH M3ydYeHBI HA HAINYKE In Vitro MpOTHBOTYOEPKYIE3HOH M MPOTHBOAUA0E-
TUYECKOH aKTHBHOCTH. B TIepBOM M BTOpOM psimy OOHAPYKECHBI COCTUHEHUS CO CpemHeit
aktuBHOCTHIO Ha JIYU mrammax M. tuberculosis H37Rv ¢ MBK 50 mxr/min. MBK pugam-
nunuHa coctasiasier 1,0 mxr/mu va JIY mrammax M. tuberculosis. IlporuBonnaderu-
YEeCKHI CKPUHHUHT BBISIBIIJI 00pa3lbl C YMEPEHHOH aKTUBHOCTHIO (27-29%) B OTHOIIEHUH
(depMeHTa 0-aMiIa3bl ¢ ATAIOHHBIM IperapaToM akap0030H, MPOSIBISIONIEH WHIHOH-
PYIOIIYI0 aKTUBHOCTh B OTHOILIEHUH 0-aMUIa3bl paBHYyHo 51,6%.

Kaiouessie cioBa: O-To3mnathl--aMHHOIPOITMOAMHUIOKCUMOB, XJIOPU/IBI 2-aMHHO-
4,5-MUruapoCIpoNNpa3oIMIaMMOHIYMOB, i1 Vitro TIPOTUBOTYOEpKyJe3Hasi U TPOTHBO-
nrabeTnyueckas akTHBHOCTH.

TyOepkyne3 sBiseTcs OJHOW W3 OCHOBHBIX IPOOJIEM 37paBOOXPaHEHUS,
OTBETCTBEHHOH 3a 3a00JIEBAEMOCTb U CMEPTHOCTh. JleueHue JieKapCTBEHHO-1YB-
creutenbHoro (JIU) m mHuoronekapcrBeHHo-ycroiunBoro (MJIY) tyOepkysesa
SIBIIIETCSl JUIUTENBHBIM W JOPOTOCTOSIIIUM W HMEET Cephe3Hble MOOOYHBIE
3(PeKTHI, KOTOPEIE MOTYT BBI3BIBATH COITYTCTBYIOIIYIO 3a00JIEBAaEMOCTh M JaXKe
cMmepTHOCTh. OOIIas pacrpoCTPAaHEHHOCTh MOOOYHBIX 3(P(HEKTOB MpHU JeUCHUU
JIY tyOepkyie3a npenaparaMmy NMepBOil TMHUM OLEHMBAETCA B Auana3oHe ot 8,0
1o 85%. BosHukHOBeHHE MMOOOYHBIX d(PPEKTOB MOXKET 3aBUCETh OT MHOKECTBA
(akTOpPOB M BapbHPOBATHCA OT MSTKUX JKEITYJAO0YHO-KUIIEYHBIX PACCTPOUCTB IO
Cephe3HON renaToOTOKCHYHOCTH, eprU(epruuecKoi HeHponaTuu, KOXKHBIX M0004-
HeIX 3¢ dektoB u T.4. [1]. [Ipu nmedennun MIIY tybepkyne3a oTtmedeHo Ooiee
OTSTOIICHHOE TPOsBIEHNE TTOO0YHBIX A dekToB. OIUH WIH HECKOJIBKO M000Y-
HBIX 3¢dekroB Habmonamucy y 37,1% nanumentoB. Hambomnee wacThiMu ObLIH
xenmynouHo-kumeynsle (18,4%), ncuxudeckue paccrpoiictsa (5,5%), aptpanrus
(4,7%), rematut (3,9%), mepudepudeckas HeBpomatus (3,1%), rumoTHpeos
(2,3%), snmnentuueckue npunanku (2%), nepmarosnorudeckue dpoexTsl (2%),
oroTokcuuHOCTH (1,6%) 1 HedpoTokcuuHocTh (1,2%) [2].
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B mocnenHee Bpems B Mupe HabiromaeTcs mporpeccupoBaHue 3aboiieBae-
moctu nuaberom. Ilo omenkam BO3 obmias pacnpocTpaHeHHOCTh AuabeTa, co-
crapystomas B 2013 1. 382 mutH yen., k 2035 1. momkHa Bo3pacTH a0 592 mutH [3].
HIupoxko pacnpocTpaHeHa kinaccudukanus quadera Ha auader tuna [ u Tuma I1.
0O06¢ popmer Arabera MOTYT IPUBOAUTE K MHOTOCHCTEMHBIM OCTIOKHCHUSM MUK-
POCOCYIUCTBIX KOHEUHBIX TOUCK, BKIIIOUasi PETHHONATHUIO, HE(DPOIIATHIO U HEBPO-
MaTHIO, & TaKXKe MIEMHYECKYIO OONIe3Hb cep/iia, HHCYIbT U 3a00JICBaHUs TTepPH-
¢depuueckux cocynos. [IpexneBpeMenHas 3a001eBaeMOCTb, CMEPTHOCTbD, CHHKE-
HHUE 0’KUAAEMOU IPOJODKUTEIBHOCTU JKU3HHU, (DUHAHCOBBIC U APYT'HE U3AEPIKKU
JedeHusl quabera JenaloT ero BakKHOM mpoOieMoil 3apaBooxpaHenus. Jnaber
Tumna 2 coctaBisieT okojo 85-90% Bcex ciayuaes [4, 5].

Takum 00pa3oM, CymecTBYeT oOcCTpas HOTPeOHOCTh B HHHOBALIMOHHOM
MOJIX0/Ie K IMOWCKY HOBBIX MPOTHBOTYOECPKYJE3HBIX M MPOTHBOANAOETHUECKUX
cpenctB, 0osnee 3PPEKTUBHBIX, MECHEE TOKCHYHBIX, 00JIee IKOHOMHYECKH J0C-
TYTHBIX.

B psigy mpou3sBogHBIX B-aMHHONPONMOAMUAOKCUMOB HAMH OOHApYKeH Ipe-
napar (TBD-12), o6nanarommii OuyHKIIMOHATBHON aKTUBHOCTBIO — TIPOTHBOTY-
OCpKyJIe3HOH M MPOTUBOANAOCTUYCCKON, UMEIOIINI 00Jiee BBICOKYIO IO CpaBHE-
HUIO ¢ pU(aMIHUIWUHOM in Vivo aKTUBHOCTb IPH JICUCHHH SKCIEPUMEHTAIEHOTO
JIY u MJTY tybepkynesa. IpdeKTHBHOCTD JieueHus ¢ ero nomomursio JIY u MJTY
TyOepKyJie3a, COOTBETCTBEHHO, B 1,5 m 2,3 pasa Beimie, yeM y pubaMIHUINHA;
tokcnyHOoCcTh TBD-12 B 5 pa3 Hmke TokcmuHOCTH pudammummaa [6]. Kpome
toro, y TBD-12 ycranoBiena in vivo mpoTHBOInabeTHIECKasi akTUBHOCTh, KOTO-
past B 1,2 pasza Beime, 4yeM y 0a30BOro NPOTHUBOAMAOETHYECKOTO CPEIACTBA
MeThopMuHa 1pu OoJiee HU3KOM (B 6,1 pa3) ocTpoil MOJAKONKHONH TOKCHIHOCTH [7].

OOBEeKT AaHHOW CTaTbu — MOTCHUUAIbHBIE OMOJIOrMYecKH akTHUBHBIE O-TO-
3UJIATHI-B-aMHUHONIPOITHOAMHUIOKCHMOB M MPOAYKTHl BO3JCHCTBHS Ha MOCIETHHE
XJIOPHCTOTO BOAOPOJAA — XJIOPHIBI 2-aMUHO-4,5-AUTHAPOCTINPOIHPA30IHIaMMO-
HUYMOB [8, 9], Oronornueckre CBOWCTBA KOTOPHIX HE OBUTM M3Y4EHBI paHee.

Cynbdorpynmna seisercs (apmakohopom, CIyKalluM OCHOBOW CYJb(ho-
HWIAMHIHBIX TpenapaToB, NIMPOKO HCIONB3YIOMUXCcs B Tepanuu ¢ 30-x rojos
KaKk aHTHOaKTepHalbHbIe CPEACTBA (CTPENTOLMI, HOPCYIb(a3oi, cyibdasuH,
cynphaauMe3nH, 3Ta30i, CcyibhaauMeTokcud, ¢Tamazon) [10]. M3BecTHBI
O-cynb(OHMI—aMUIOKCUMBI ¢ AQHTUOKCHJAHTHOW W JIMITWJIHOW TEPOKCHIAHT-
HO¥ akTUBHOCTRIO [11].

O-Tozunarsl-B-amuHonporimoamuokcumos  (6—10, TBD-42-TBD-46) u
MIPOAYKTHl BO3JCHCTBUSI Ha HHUX XJOPHUCTOrO BOAOpPONA — XJIOpUABI 2-(TeTe-
poamuHO)-1,5-mna3acnupo[4,5|nekan-1-eH-5-ammonuymer ~ (11-14, TBD-47-
TBD-51) napaO®otaHbl i1 MPOBEPKH MX i1 Vifr0o TPOTUBOTYOEPKYJIE3HBIX M
MPOTHBOANAOETHUECKIX CBOMCTB.

O-Tozumarer 6—10 ¢ Beixogamu 50-82% momydeHsl MPH B3aUMOJICHCTBUH
[-aMHHOIIPONTMOAMHUIOKCUMOB  (B-aMUHOTpyIINa: MUHEpUAnH-1-1m1, MopQonnH-
1-un, TtHOMOpdoNUH-1-mn, 4-peHunnunepasus-1-wi, OeH3UMHOA307-1-M1) C
P-TONYOJICYIb(YOXIOPUIOM B XJI0pohopMe WM B CMECH alleTOHA U XJopodopma
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IIp1 KOMHATHOW TemmepaType B TeueHue 2—24 4 B MPUCYTCTBUU TPHUITHIIAMUHA
(Tabmuma 1, cxema 1).

Coumnesble mpon3BoHble O-TO3MIIATOB -aMHHOTPOTHOAMHUIOKCUMOB 11-14 ¢
JyYIIeld, YeM HCXOTHBIE COSAMHEHUS PACTBOPHUMOCTBHIO B BOJE, BBIJICICHBI MPH
BO3EHCTBHM Ha coenuHenus 6—10 xiopucToro Bogopoaa 10 pH 2 u nobasnennn
9KBUBAJIEHTHOTO 00bEeMa aOCOJIIOTUPOBAHHOIO IUATWIOBOrO 3¢pupa K 3Ta-
HOJIFHOMY pacTBOPY B3aMMOJEHCTBYIOMMX BemecTB. s B-mumepunnHOBOTO,
B-mopdonmHOBOTO, PB-THOMOP(OIMHOBOTO, [-(OEHUIMHUIIEPA3HHOBOTO POU3-
BOAHBIX (6—10) momy4eHsl NPOAYKTHI NeperpyNnUPOBKUA HCXOAHBIX O-TO3WIIATOB
[-aMHUHOTTPONTHOAMUAOKCHMOB 10 XJIOPWUAOB 2-aMHHO-4,5-TUTHAPOCTIHPOIIH-
pasonmiaMMoHuyMOB  (11-14).  p-Tonyoscynb(OKUCIIOTa BBIACIAETCS IPH
yIapuBaHUM PAacTBOpa, MOJIYYEHHOTO OT (UIBTPOBAHHS CHHPOIPON3BOIHBIX.
CoxpaHeHHe CTPYKTyphsl M oOpa3oBaHMe Tuapoxyiopuza 15 nHabiromaercs ams
O-to3mnara-B-(6en3nmMuazon- 1 -wn)nponmuoamMuokcuma (tadmmima 1, cxema 1).

OU3NKO-XUMHUYECKUE JaHHBIC COSAMHEHUH 6—15 mpencramieHbl B TaOH-
ne 1.

Cxema 1
NOH NOH
ZaN
N” °N
f N NH, NH, + u—s@cm a,b
n
V)
14 5
CHs3 CHj
N= o]
—0 oS, = T
N\/\C':/,N\O/ \\O \/\C,N /SO
NH, NH2
‘ 6-9 (TBD-42-TBD-45) 10 (TBD-46) ‘
HCl in etherl
C,H50H
25 CHs
(\C/NH2 N=, /©/
N\N —+ p-CH3C6H4SOZOH n O/N\/\C _N C)/8
.Cl- |
v Cl HCI NH,
11-14 (TBD-47-TBD-50) 15 (TBD-51)

a: chloroform (for 1, 2, 4), Et3N; b: ethanol:acetone (for 3, 5), Et3N
Y=CH,(1,6,11),0 (2,7, 12), S (3, 8, 13), PhN (4, 9, 14)
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Tabmuna 1 — Ou3NKo-XMMIYECKUE XapaKTePUCTUKH
O-TO3MIIaTOB-3-aMHHOIPOITHOaMHUIOKCHUMOB (6—10) 1
XJIOpUIOB 2-(reTepoaMuHo)-1,5-nuazacnupo[4,5 ] nexan-1-eH-5-ammornymoB (11-15)

Haiineno, %
Bol- | Bpe- T, °C _ ’
C(J)\i_}1 xon, | s (p-rom Ry | M. | Beruucneno, % ;gy;'ria
1 % q TP TIEPEKP) C H N Py

55,36 | 7,121 12,91
54,86 16,63 | 12,41

51,36 16,47 12,83

6 59 2 180 (i-PrOH) | 0,46 | 325,43 C,5H,5N3058

7 51 24 212 (i-PrOH) | 0,45 | 327,40 50.86 [5.99] 12.51 C14H21N;0,4S
264 (aceton: 48,96 |6,16| 12,23

8 60 24 EtOH) 0,12 | 343,46 4823 |5.71] 11.69 C14Hy1N;05S

9 82 5 295 (i-PrOH) | 0,68 | 402,51 51,366,471 12,83 CyoH6N4O5S

50,86 15,97| 11,99

56,97 15,06 | 15,63
55,99 14,56 15,11

50,66 [ 8,50 22,15

10 50 24 210 (EtOH) 0,80 | 358,42 Ci7HsN,O;SS

11| 60 | — |>270(i-PrOH) | 021 | 18969 | Jo'oc |03 | 5165 |  CeHieCINy
12 | 57 | - |[>270G-PrOH) | 0,11 | 191,66 ﬁ?; Z:gg %}gg C;H,CIN;O
13 | 8 | - |>270(G-PrOH) | 0,08 | 207,72 ;‘gzgg gzzg fgﬁg C;H,CIN;S
14 | 67 | - |>270(G-PrOH) | 0,31 | 266,77 gggi Z;g 5(1):22 Cy3HCIN,
15 | 86 | - | 130G-ProH) | 086 | 394,87 | JLTH 483 LI b oiNj0ss

51,21 14,35 13,69

Ob6pazoBanue  rumpoxiopuna  O-tosmnara-B-(6eH3uMuazon-1-mi)npo-
muoamugokcuma  (15), OuYeBHAHO, CBS3aHO C TEPMOJMHAMHUYECKOW HEBBI-
TOJHOCTBIO CYIIECTBOBAHMS CIHPONHPA30INHUEBOTO COEAWHEHUS Ha OCHOBE
O-ro3unara -(6eH3UMHIa30:1- | -UIT)TPOITMOaMHUIOKCHMA.

I'pynna coenunenuii 6—15 ucnbiTaHa Ha in Vifro TPOTHBOTYOEPKYJIE3HYIO
U TPOTHBOAMAOETHYECKYI0 AaKTHBHOCTH TMOJ MmMHU(ppPaMH, COOTBETCTBEHHO:
TBD-42-TBD-51.

HccnenoBanust OakTepuMaIHON akTUBHOCTH mpenapatoB TBD-42-TBD-51
npoBenensl Ha JIY myseitHom mramme M. fuberculosis H37Rv, nukom 4yBCT-
BuTenbHOM ImTamMme (I) ¥ ABYX yCTOWYHMBBIX NWUKHX ImTamMmax M. tuberculosis
[ycroitumBblii k pudpammuiuny (I1) u MJIY (III) — ycroituusslit k pudamMnunnay
U u30HMA3uAy| Ha xkuakoil cpene IllkonbHuKOBOU. Pe3ynbrarhl mccienoBaHus
TIPEACTABIICHEI B TAOIHIIE 2.

N3 Tabmuner cnemyet, uto psia coeauHenuit 6—14 (TBD-42-TBD-50) o6-
nanaeT OaKTePUIUIHON akTUBHOCTHIO Ha JIU mrammax M. tuberculosis H37Rv u
I co 3nauennem MBK B 50,0 MKr/mir; nanHas Tpyria COeIMHEHU HE aKTHBHA 110
OTHOWLICHUIO K MITaMMy, ycrounBomy K pudamnununy (II) m MJTY mrammy M.
tuberculosis (111). [Ipemapar TBD-51 He wmMeeT OaKTEPHUIMIHONW AKTUBHOCTH 110
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Ta6muna 2 — 3nagenust MBK (Mxr/mir) O-To31n1aToB-B-aMIHOIIPOIIHOAMHUTOKCHMOB
(TBD-42-TBD-46), xnopuznos 2-(rerepoaMuto)-1,5-nua3acnupo[4,5]nexan- 1-eH-5-aMMOHHYMOB
(TBD-47-TBD-50) u rugpoxnopuna O-To3unara-fB-(6eH3UMN1a301- 1 -HIT)IpONHOaMHIOKCHMa

(TBD-51) npu in vitro antu-Th ckpuHuHre

IIudp TBD-42 | TBD-43 | TBD-44 | TBD-45 | TBD-46 | pygpam-
Ne coen. 6 7 8 9 10 e
M. tuberculosis
. H37Rv 50 50 50 50 50 1,0
n vitro
anTi-TB, I 50 50 50 50 50 1,0
MKI/MJI 1T >100 >100 >100 >100 >100 2,0
II1 >100 >100 >100 >100 >100 2,0
ILudp TBD-47 | TBD-48 | TBD-49 | TBD-50 | TBD-51 | pygam-
Ne coen. 11 12 13 14 15 TMAIHAH
M. tuberculosis
. H37Rv 50 50 50 50 >100 1,0
[n vitro I 50 50 50 50 >100 1,0
aHTu-TB, >
MKT/MII 11 >100 >100 >100 >100 >100 2,0
I >100 >100 >100 >100 >100 2,0

otHomeHuio k JIY mrammam M. tuberculosis H37Rv n x I, a Takxke x ycToii-
yupomy K pudammununy (II) u MIJIY mrammam M. tuberculosis (111). MBK
pudamMnunrHa B 3TUX yCIIoBUsAX coctaister 1,0 mxr/mi ma JIU mrammax M. fu-
berculosis n 2,0 Mxr/ma Ha JIY u MJTY mrammax M. tuberculosis.

In vitro TpoTHBOAMAOETHYECKHH CKPUHUHT B OTHOLICHWH (epMeHTa o-
amMHJIa3bl BBITOJIHEH JUIs TPYIIBI COEAMHEHUH 6—15, HCIBITAaHHBIX M0J HppaMu
TBD-42-TBD-51 (Tabmuma 3).

Tabnuna 3 — OueHka in vitro IpOTUBOHA0CTUIECKOTO ICHCTBUS
O-ro3nnatoB-B-amuHonponuoamMuiokcumoB (TBD-42-TBD-46), xnopunos 2-(rerepoaMuHo)-1,5-
nuasacnupol4,S]nekan-1-en-5-ammonnymos (TBD-47-TBD-50) u ruapoxnopuna O-ro3unara-f3-

(6en3nmuaazon-1-um)nponuoamunokcuma (TBD-51) B oTHOIIeHHN depmenTa a-amuinassl (%)

IIndp TBD-42 | TBD-43 | TBD-44 | TBD-45 | TBD-46
Axap06o3a
Ne coen. 6 7 8 9 10
[}’l vitro o-aMHuJIa3Has
anTu-D, 292442 | 27,4+1,6 | 24,5442 | 13,2456 | 21,3+1,0 |51,6+2,50
% AKTHUBHOCTH
Ilndp TBD-47 | TBD-48 | TBD-49 | TBD-50 | TBD-51
Axkapbo3a
Ne coen. 11 12 13 14 15
In vitro [
antu-D, | CAMWIASHAL 50 3006 | 22,2412 | 14,4+4,0 | 23,6+1,0 | 22,0£1,4 |51,6+2,50
% AKTUBHOCTbH
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Cpenn Bcex HCCIEIyEeMBIX OOpas3IoB MHTHOWTOPHYIO aKTUBHOCTH B OTHO-
LICHUH O-aMHJIa3bl, TpeBblmaonyo 50%, Hu oauH o0pasel He MpOsSBUIL. YMe-
PEHHOM HMHTHOUTOpHOW aKTUBHOCTBIO (0T 27 10 29%) obmamaroT ciegyrouiue
coequaenns: TBD-42, TBD-43, TBD-47. Cnabas uHruOuUTOpHas aKTHBHOCTh
(ot 13 mo 24%) oGOHapyxeHa y ciemyronmmx obpasmoB: TBD-44— TBD-46,
TBD-48-TBD-51. IIpenapar cpaBHeHuUs1 akap0o3a MPOSBWII CTAHAAPTHYIO WHTU-
OUTOPHYIO aKTHBHOCThH B OTHOLLICHHUH O-aMMJIa3bl, cOcTaBsouyo 51,6%.

MOXHO 3aKJIFOYUTh, YTO B U3YUYEHHBIX Tpymnmnax O-To3HiIaToB-f-aMUHOIPO-
MUOaMHUJOKCHMOB M XJIOPHIOB 2-(rerepoamuHo)-1,5-muazacnmpo[4,5]nexan-1-
€H-5-aMMOHMYMOB OOHapy)XeHbl TIpemnapaTbl C YMEpPEHHOH NpOTUBOTYOep-
KyJje3Hol aktuBHOCTBHIO Ha JIU mrammax M. tuberculosis (MUK 50 Mxr/mo),
coJiepkaliye B-aMHUHOTPYIIBI: MHIEpUIUH-1-1i1, MopdonnH-1-nn, TuoMopdo-
auH-1-un, 4-peHunnunepasu-1-ui, 6eH3uMuIa30i-1-11 (3a UCKITIOYeHHEM OeH-
3UMUIa30JIBHOTO TIPOM3BOJHOTO B PSAY CHHPOIIPOM3BOIHBIX); U C YMEPEHHOH
mpoTuBonadbeTndecko akTtuBHOCTBIO (oT 27 go 29%) B mepBoM psny,
coJiepKaliye [-aMUHOTPYIIBL: MHIEPUANH- -1, MOPQOIHH-1-UIT U BO BTOPOM
psny — nunepuanH-1-ui.

OKCITEPUMEHTAIJIBHAA YACTb

IJkcnepumenmanvhaa xumuueckana uacmp. VK-ciekTppl CHATBI Ha
npubope NICOLET 5700 FT-IR B Taénerkax KBr. Crextpst SIMP (‘H u "°C)
sapeructpupoBanbl B JIMCO-d¢ Ha cnekrpomerpe Avance III 500 MI'n
(11,74 Tesla) ¢ paboueii 4acToTOM IS SIIEp 'H - 500 MI'u n U siaep Bc - 126
MI't ¢ BHyTpeHHUM cTaHAapToM rekcamermigucuiadoMm (I'MJC; & 0,05 m.n.);
M3MEepeHus OBIIIN MPOBeIeHB! IpH TemmepaType 25°C.

KonTponp 3a xomom peakiun ocyuiecTsisuics ¢ nomomnisio TCX Ha mutac-
tuHKax Sorbfil (3AO CopOmonumep) ¢ HAaHECEHHBIM COPOEHTOM — CIIOEM CHIIH-
karenst CTX-1A, 3epuenuem 5—17 mxm, YO uagukaropom Y D-254 ¢ BCIoOIB30-
BaHHUEM B KadyeCTBE JJIFOCHTA CMECH PAcCTBOpPHUTENCH 3TaHoja:0eH301 — 3:1 ¢
J00aBKOIM KOHIIEHTPUPOBAHHOIO aMMHaka. PacTBOpUTENH, HCIIOJIb3yeMbIe TpU
CUHTE3e, MEePEeKPUCTALIN3ANN coenHeHnH 1 Kkak amroeHTsl anst TCX (EtOH,
i-PrOH, ameron, xmopodopm, AUSTHIOBHIN 3(Hp) MPUTOTOBIEHHI MO CTaHAAPT-
HbIM MeTojiukaM. CUHTE3BI COeIMHeHN 6—15 onucansl B padoTax [8, 9].

Bzaumooeiicmsue  [-(nunepudun-1-un)nponuoamuooxcuma (1) wu napa-
monyoncyrvgoxaopuoa. K pactopy 0,3 r (0,0017 momp) B-(mmmepumus-
l-wn)nponmoamugokcuma (1), B 20 mu xjopodopma, mpobaeneno 0,17 r
(0,0017 monb) TpudTHAaMuHa. PeakuuonHyio cmech oxnaxzaanud 10 0 °C u npu
nepemermmBanun  npukaneiBam 0,32 T (0,0017 Momw) napa-tomyoncyinsho-
XJIopuza B 2 Mi Xjopodopma. 3aTeM peakMOHHON CMECH MO3BOJISIIM JOUTH J0
KOMHATHOH TeMIlepaTypbl U TEpEeMEIIMBaIl B TEUEHHE 2 4 JI0 OKOHYAHUS
peakiun. KoHTponb 3a xomoMm peaknuu mpoBoawian ¢ nomoimpo TCX. Ob6pa-
0OTKY PEaKIMOHHOW CMECH BBIMOJHUIM MOCIE MCUYC3HOBEHUS ISITEH MCXOHBIX
coenunennid. Ocanok O-To3minara-f-(mumnepuaus- 1 -wn)npornuoamunokcuma (6)
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oT(UIBTpOBaNN U iepekpuctau3oBann u3 i-PrOH. Bec ounmennoro npoaykra
6 cocrasiser 0,34 r (59%); 1. 1. 180 °C, R/0,46.

Cunte3 coenuHeHmid 7—10 TpOBOIMIN aHAIOTHYHO; UX (PU3UKO-XUMHUYECKHE
JTAHHBIC TIPEACTABIICHEI B TAOIHUIIE 9.

Bzaumooeiicmseue O-mosunama-fi-(nunepudun-1-un)nponuoamudorxcuma (6)
¢ agupuwvim pacmeopom HCI. B 2 M aOCOMOTUPOBAHHOTO 3TAHOJNIA PACTBOPHIIN
0,2 r (0,0006 mMmoip) O-to3mnata-B-(unepunnH- 1 -un)nponrnoamuaokcuma (6);
3ateM 10 pH 2 noGasunu >¢upubiii pactop HCL. JIns BeigeneHus mpoaykTa K
STaHOIBHOMY pPAacTBOPY B3aMMOJCHCTBYIOIIMX BEILECTB J00aBHJIM JKBHBa-
JICHTHBII 00BEM a0COMIOTHPOBAHHOTO JUATHUIIOBOTO (Upa M MOTHPATN CTEKJIISH-
HOW MAaJO4YKOW O cTeHKU KoyObl. Ocajok XJopuaa 2-MUNEPUIUHCITHPOIINPA30-
anamMoHuyMa 11 ordunsTpoBamu W mnepekpuctamzoBand u3 i-PrOH. Bec
oumteHHoro npoxaykra 11 cocrasmsier 0,07 r (60%); T. . > 270 °C, R,0,21.

[lomydenue OCTaNbHBIX XJIOPUAOB 2-aMHHOCHHPOIHPA30IMIAMMOHIYMOB
(12-14) u ruapoxnopuna O-ro3mnata-B-(0eH3uMHA30 | -HIT)IPOTMAMHIOKCH-
Ma (15) BEIIONHEHO aHAJOTHYHO, (PU3MKO-XMMHYECKUE JaHHBIE COCIUHEHHN
11-15 mpuBenens! B Tabmute 1.

Ikcnepumenmansnaa ouonozuueckan uacmso. Onpedenenue in vitro npo-
mugomybepxynesnozo Oeticmeus  O-mo3unamos-f-amuHonponUOAMUOOKCUMO8
u xaopuoog 2-(eemepoamuno)-1,5-ouazacnupof4,5]oexan-1-en-5-ammonuymos
(6-15). B pedepenc-nadoparopuu PI'TI nHa IIXB «HaumoHanbHbIN Hay4dHBIN
ueHtp ¢prusnonynsmononorun PK» M3 PK mpoBeaensl uccienoBaHust OaxTe-
puuuaHoi aktuBHOCTH npenapatoB TBD-42-TBD-51 na JIY myseitHoMm mramme
M. tuberculosis H37Rv, nukom gayBcTBUTEN HOM mTamMMe (1) ¥ IByX yCTOWYIHMBBIX
IMKKX mrammax M. tuberculosis [ycroiunBeiii K pudpamnununy (1) m MJTY (I1I) —
YCTOWYMBBIN K pruaMIHUIMHY U U30HUA3UAY | Ha kuakoit cpene 1IkoIbHUKOBOMA.
Baktepumnnnas aktuBHOCTh pudammunyHa SV (MIIK) Ha 9yBCcTBHUTENBHBIX
mtammax M. tuberculosis n 1 paBHa 1 MKT/MJI, a Ha YCTOHYMBBIX TUKUX [ITAMMax
M. tuberculosis 11 w 111 — 2 Mxr/mu1.

Obwas memoouxa onpedenenus in Vitro OaxmepuyuoOHol npomueomy-
Oepxyne3Hol akmueHocmu Ha JHcuokou cpede [llxkonrvruxosoii. KynmeTypy muko-
OakTepuii, BBIPALICHHYIO Ha IJIOTHOM SUYHOW Cpele B CTEPHIIBHBIX YCIOBHSIX
(14-21 nmeHs), cHUMaM C KOCSIKA OJHOPA30BOH IMETIEH M CyCICHIUPOBAINA B
0,9% pactBope NaCl (usmomornueckuii pacTBop). Jlamee KpyMmHBIM YacTHIIAM
KyJbTYpBl Jall OCECThb, BbIACpKMBas NpoOupky 20 MHH TIpH KOMHATHOH
Temmeparype. B3Bech Oakrepuil oTOMpa M MUINETKOW W MEPEHOCWIH B APYTYIO
MpOOHMPKY, YTOOBI JOBECTH 10 HEOOXOAWMOM ONTHYecKOoH IutoTHOCTH. Heob-
XOJMMast ONITHYECKas MIIOTHOCTh MIIM MYTHOCTb, COOTBETCTBYIOIIAsl CTAaHAAPTY S,
JocTHTranach No0aBlicHHEM B MPOOMPKY (H3MOIOTHYEeCKOro pactsopa. B 1 mu
CYCIIEH3WH, COOTBETCTBYIOIIEH 5 CTaHAApPTy OINTHYECKON IUIOTHOCTH, COJEP-
xutest 500 muH. Mukpo6HbIX Tex (5x10° MukpoGHBIX Ten). CYCIEH3HI0 MHKO-
OakTepuil TyOepKyJie3a 3aceBajii B XKUIKYIO cpeny u3 pacuera 0,2 mi Ha 2 M
cpensl. VMcXomHBI PacTBOp HCHBITYEMOTO COEIWHEHUS TOTOBWIJIM C WCIIOJNb-
3oBarmeM nmuMeTwicyibhokcuaa (JIMCO).
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HaBecky BemecTB pacTBOpsUIM B MHHHMAaJIbHOM OOBEME PaCTBOPUTENS U
1OCJIe 3TOr0 Pa3BOIWIN (PU3MOJIOTHMYECKMM PAcTBOPOM A0 HY>KHOH KOHIICH-
Tpauuu. Hampumep, k HaBecke 10 mr Bemectsa po6asmsum 1 M IMCO, BeTps-
xuBaju. Ilocie 3Toro noay4eHHBIH pacTBOp MJIM TOMOTEHHYIO B3BECHh JOBOIWIN
(hM3HOIIOTHYECKIM PacTBOPOM JI0 HEOOXOIMMOW KOHIICHTPAIIHH.

[lpy mpuMeHeHHM BBICOKMX KOHIIGHTpAIMi pacTBOpUTENeH HEo0X0IUMO
KOHTPOJIMPOBaTh 3((eKkT BO3AEHCTBHA ITHUX BEIIECTB Ha POCT MHUKOOAKTEPHH.
IIpu n3ydeHnn GakTEpULUMIHON aKTUBHOCTH UCIIBITYEMBIX BEIIECTB HCCIIEI0BAIN
UIMPOKUI CIEKTp KOHIEHTpauui. PacueT KOHLIEHTpauui A U3ydeHus Oakre-
PHUIIMIHON aKTUBHOCTH UCIIBITYEMBIX BELIECTB Ha >KUJKOM cpene I1IkonbHUKOBOM:
I paszeeoenue: 10 mr emectBa + 10 MIT KHIKOCTH (IUCTUITMPOBAaHHAS BO/IA,
STHJIOBBIA crupT, (usnonoruueckuii pactBop, JMCO), 4TO COOTBETCTBYET
koHueHTpauu 1000 mxr/mi; I passedenue: 1 M ot pazBeaenus [ + 9 mu cpenst
[lIkonpHUKOBOH, 4YTO cocraBisier oOmuii o0beM B 10 MI ¢ KOHIEHTparuei
100 wmxr/mi. HccnemoBanme NPOTHBOTYOEpKYJIE3HONW OaKTEpHIMIAHONW aKTHB-
HOCTH TIpEnapaToB MPOBOAMIIH JiIs KoHIeHTparuit ot 100 10 0,01 Mkr/mi.

B kaxIyio ONBITHYIO M KOHTPOJIbHYIO NPOOMpKH (TuTarenbHas cpena 0e3
nperapara) BHocwiu 1o 0,1 My B3Becn MuKoOakTepuili TyOepkynesa B 0,2 mi
¢usronoruyeckoro pacreopa. [Ipobupku nHKyOHpoBamucs npu 37 °C B TedeHue
10 cyrok. Yepe3 10 mHeil mMHKyOaIu Ha JKHUIKOW CpPENE OCAJKH OTMBIBAIUCH
(U3HOIOrNYECKMM PACTBOPOM U 3aCEBATUCh HA IUIOTHYIO cpely JleBeHmiTeiina-
Hencena. Yuer pocta KylbTyp OpOBOAWICS ABaXAbl — yepe3 1 u uepes 2,5 mec.
OmnbIT IPOBOMICS JBAXKIBI.

Pe3ynbpTaTel ompeneneHus in Vitro TPOTUBOTYOEPKYJIE3HOM aKTUBHOCTU
coequHeHnit 6—15, ucnpiTanabix mox mudpamu TBD-42-TBD-51, mpexacras-
JIeHBI B Ta0muIe 2.

Onpedenenue in vitro npomusoouabemuyeckoeo Oeticmeusi. B nmadoparopun
tokcukoyiornn u (papmakonoruun PI'TI ma IIXB «HanmmonanbHbIH 11eHTp OMO-
texHonornn KH MOH PK» BbimonHeH in vitro mpoTHBOAHAa0ETUYECKUI CKPH-
HUHT TPYyNIEl coeAnHeHnH 6—15, ncnpiranueix noxa mudpamu TBD-42-TBD-51.
HccnenoBanne creneHn MHTHOMPOBAHUS O-aMMJIA3HOH aKTUBHOCTH BBIOJIHSUIIN
mo cra"maptHomy merony [12]. B kaxamyo nyHKYy 96-TyHOYHOTO IUTaHIIETa
N00aBIsUIM PEaKMOHHYIO CMech, cozaepkairyro 50 Mka ¢ocdarnoro Oydepa
(100 MM, pH=6,8, Sigma-Aldrich), 10 Mkn a-amwmnaser (2 EJl/mm, Sigma-
Aldrich) m 20 Mxn coemuHeHHWN B KOHIEHTpanuu 1,0 Mr/mi, KOTOpYHO 3areMm
unaky6uposanu npu 37 °C B teyenne 30 mun. [locie storo mobasmsutn 100 MK
DNS (Dinitrosalicylic acid solution) okpammiBaromero peareHTa U KUISITWIA B
teueHrne 10 muH. ONTHYECKYIO IIOTHOCTH TONYYEHHOW CMECH H3MEpSUIN TpHu
540 HM Ha TUTaHIIETOM clieKTpodoTomeTpe. B KkauecTBe mpemapara cpaBHEHUS
UCTIONB30BAIM aKap003y B koHUeHTpauuu 1,0 Mr/min (HO3UTHBHBIA KOHTPOJID).
[lapammenbHO cCTaBUIM HETaTUBHBIA KOHTPOJdb (¢ocdarHeiii Oydep) 06e3
00aBJICHNS WCTIBITYEMBIX COeMMHEeHHnH. Bce mpoObl nccienoBany B TPUILIETaX.
WNHrnbutopHyto akTUBHOCTh BhIpakayid B IporeHTax (%) MO CTeNeHW WHTHOH-
POBaHUs 0-aMUIIa3bl B CPABHEHUU C HETATUBHBIM KOHTPOJIEM.
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bnazooapnocms. Aemopur svipasicarom npuznamenvrnocmo KH MOH PK 3a
@unarncosyo noddepoicky no eparmy Ne 1308/I'dA4.
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JI. A. Kaiokosa, K. K. Ilipanues, A. 5. Muip3abex,
b.T. Toxcanbaesa, B. JI. Bicminoa, JI. T. Yuneucosa,
A. E. I'ynses, 3. T. [Lynveay, I ]]. Cepeazvl

O-TO3UJIAT-B-AMHUHOITPOITMOAMNJJOKCHUM KOHE
2-(TETEPOAMUH)-1,5-ANA3ACITNPO[4,5]1EKAH-1-EH-5-AMMOHNYM
XJIOPUATEPIHIH, IN VITRO TYBEPKVYIJIE3I'E KAPCBI
KOHE IMABETKE KAPCHI BEJICEHAIITT

O-To3unar-p-aMHUHOIPONTMOAMHUIOKCHM JKOHE 2-aMHUHO-4,5-TUTHIPOCITUPOITUpPa30-
JIWTAMMOHHU XJIOPHATEPl in vitro TyOepKyJe3re Kapchl KoHE auabeTke Kapchl Oe-
CCHIIUTIKTI 3epTTeyre apHanraH. TyOepkynesre Kapcel oprtamia Oencenmimiri 6ap AT
mramasl M. tuberculosis (MBK 50 MKr/mut) mpenapaTTapbl KOCBUIBICTAPIBIH €Ki TOOBIHIIA
AHBIKTAIJBI, KypamblHIa (-aMHH TomTapbl Oap: munepuanH-1, mopdomus-1, THOMOP-
¢bomun-1, 4-penunnunepasus-1, 6eH3uMuna3on-1 (CIUPO TYBIHIBUIAPBIHBIH CEPHICHIH-
JlaFbl OCH3MMMAA30J1 TYBIHABICHIH KOCTIaFaH/a) skoHe O1piHIIi KaTap/a KalbInTsl AnadeTke
Kapchl o-aMmiaza oencenniniri 6ap (27%-man 29%-ra neitin), KypaMmbelHaa B-aMHH TOI-
Tapsl Oap: munepuauH-1, MopdoarH-1 XKoHe eKiHIIi KaTapaa — MUIepuanH-1.

Tyiin co3gep: O-to3mnaT-f-aMHHOIIPOIHOAMHIOKCUMICD, 2-aMHUHO-4,5-TATHIPO-
CIHPONHPA30IUIAMMOHIYM XJIOPHATEPi, in vitro TyOepKyJe3re Kapchl XKoHE AMa0eTKe
KapcChl OCJICEHILTIK.
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Summary

L. A. Kayukova, K. D. Praliev, A. B. Myrzabek,
B.T. Toksanbaeva, V. L. Bismilda, L. T. Chingisova,
A. E. Gulyaev, Z. T. Shul'gau, Sh. D. Sergazy

IN VITRO ANTI-TUBERCULOSIS AND ANTI-DIABETIC ACTIVITY
OF O-TOSYLATES-B-AMINOPROPIOAMIDOXIMES AND CHLORIDES
OF 2-(HETEROAMINO)-1,5-DIAZOSPIRO[4,5]DECANE-1-EN-5-AMMONIUMS

O-Tosylates-p-aminopropioamidoximes and chlorides of 2-amino-4,5-dihydrospyro-
pyrazolylammoniums have been studied in vitro for anti-tuberculosis and anti-diabetic
activity. In two groups of compounds containing B-amino groups: piperidin-1-yl, mor-
pholin-1-yl, thiomorpholin-1-yl, 4-phenylpiperazine-1-yl, benzimidazol-1-yl (with the
exception of the benzimidazole derivative in the spiro derivative series), drugs with an
average anti-tuberculosis activity were detected on the DS strains of M. tuberculosis
(MBC 50 pg/ml) and with moderate anti-diabetic a-amylase activity (27% to 29%) in the
first row, containing B-amino groups: piperidin-1-yl, morpholin-1-yl and in the second
row — piperidin-1-yl.

Key words: O-tosylates-B-aminopropioamidoximes, chlorides of 2-amino-4,5-di-
hydrospyropyrazolylammoniums, in vitro anti-tuberculosis and anti-diabetic activity.
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MODIFIED ETHYLENE-VINYL ACETATE COPOLYMER
AS A DEPRESSANT OF POUR POINT WAX OIL

Abstract. The ethylene—vinyl acetate copolymer (EVA) was modified by hydrolysis
of acetate groups. The separately hydrolysed copolymer was characterized by Fourier
transform infrared spectroscopy(FTIR). Research was carried out to determination the
influence of modified EVA polar groups on decrease the pour point temperature of oil. The
results showed that EVA greatly decrease the Pour Point Temperature (PPT) of paraffin
oil. In addition, EVA with strong polarity could provide greater electrostatic repulsion
force to wax crystals, which made the wax crystals have more difficulty to connect to-
gether and form a much looser network structure.

Key words: Pour Point Depressant (PPD), ethylene—vinyl acetate copolymer (EVA),
modified copolymer, wax.

Introduction. Nowadays oil and gas industry undergoes significant financial
expenses and technical and technological difficulties due to the current trend of
increasing content of heavy and viscous oil. Those abnormal rheological proper-
ties that are mainly introduced as high viscosity and high temperature of solidifi-
cation correspond to oil from Kazakhstan’s oil fields (deposits of Mangyshlak
Peninsula, Akshabulak and other regions). Almost all types of oil in Kazakhstan
can be classified as waxy, solidifying at positive temperatures, and high viscous
oil. In particular, viscosity of high viscous oil even under normal conditions fluc-
tuates in the range of several hundred, and sometimes thousands of centipoises
[1-3].

Wax deposition are both a down hole and topside problem blocking the flow
of hydrocarbons fluids as they are cooled [4].

Wax deposition is one of the major flow assurance risks and it should be con-
sidered during the transportation of heavy, waxy and high viscous crude oil. Flow
assurance risks including wax deposition and wax gelation become a bigger
concern for oil transportation sector [5].

Therefore, an important issue is to synthesize or modify polymeric depres-
sants that will provide the improvement of rheological characteristics of waxy and
high viscous oil that present in Kazakhstan’s oil fields. The key role played by
this additive is co-crystallizing with the paraffin existent in oil, promoting the
highest possible disarrangement of wax crystallization process [6].

In this study, ethylene—vinyl acetate copolymer (EVA) was modified by
alkali-catalyzed alcoholysis and investigated the properties of the resulted
copolymer into pour point depressant of crude oil.
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EXPERIMENTAL PART
Materials and methods

Characteristic of initial reagents. Poly (ethylene-co-vinyl acetate) with the
content of vinyl acetate monomeric unit of 25 wt.% and exhibiting melt flow
indices of 19 g/min produced by "Sigma-Aldrich Chemicals GmbH" was used
without further purification.

Methanol produced from "Sigma-Aldrich Chemicals GmbH" was used
without further purification.

Sodium hydroxide from "Sigma-Aldrich Chemicals GmbH" was used
without further purification.

Toluene was used as an organic solvent for the reaction of hydrolysis. The
purification of toluene was performed according to standard procedures. The
density is 0.865 g/mL at 25°C and boiling point is 110-111°C. The vapor point is
equal to 26 mm Hg (25°C).

Depressant additive DMN-2005 of company "DEPRAN" (Russia) was used
without further purification.

Procedure of modification of ethylene-co-vinyl acetate polymers with
base. In a three-necked round bottom flask fitted with a reflux condenser (Dean-
Stark apparatus), a thermometer, a magnetic stirrer, 2.0 g of EVA copolymer
(containing vinyl acetate groups 25% wt.) was dissolved in 30 ml of toluene.
After that, 1 mL of 2% solution of sodium hydroxide in methanol was added to
the solution of the copolymer. Partial hydrolysis reaction proceeds according to
the following scheme [6]:

B ] T =80°C
NaOH
——CH;—CH;——CH;—CH —_—
2 ? 2 CH,OH
o)
P on,
L — m
> ——CH;—CH;—CH; CH;—CH;—CH;—CH——

?H
j\ OH
0~ “CH,

—Im L —'n
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The reaction was refluxed at 80°C during predetermined period equal to 30
minutes. Sodium hydroxide solution was neutralized with alcoholic solution of
hydrochloric acid. Then, inorganic layer was eliminated, the polymer (organic)
layer was reprecipitated into methanol, filtered and dried in vacuum at 50°C until
constant weight. Under these conditions the modified EVA copolymer obtained
hydrolysis degree of 5 mol. % (related to acetate moietites).

Determination of thePour Point of wax oil. The methodology used for the
assessment of the oil pour points was based on an adaptation of the ASTM
Method 5853. The cooling bath was equipped with two thermostats: LAUDA
RE-415 that maintains the temperature of 0°C, LAUDA RE-210 that maintains the
temperature of -17°C.

RESULTS AND DISCUSSION

Modification of ethylene-co-vinyl acetate copolymers with Dbases.
Modification of ethylene-co-vinyl acetate copolymers with sodium hydroxide
solution was carried out in the conformity with standard procedures of partial
hydrolysis. The results of the reaction can be detected through the application of
different methods of examination. The degree of hydrolysis and the yield of the
modification reaction were investigated by means of FTIR-spectroscopy of obtai-
ned products. Below the spectrums of initial agents and products are described.

Figure 1 shows the FTIR spectrum of EVA copolymer. Characteristic ab-
sorption bands of the copolymer EVA are in:

— 1735 cm™, corresponding to the absorption of the stretching vibrations of
C = O carbonyl group in esters;

— 2915 and 2847 cm™, relating to the absorption of the stretching vibrations
of CHj; groups and -CH;-CH,-ester groups.

Figure 2 represents the FTIR spectrum of partially hydrolyzed ethylene-vinyl
acetate copolymer (degree of hydrolysis - 5%). There are a reduction of band
intensity in the range of 1735-1738 cm™ - stretching vibrations of the carbonyl
group -C=0 in esters and an appearance in the spectrum of the hydrolyzed EVA
of a wide absorption band of 3236 cm™, corresponded to the stretching vibrations
of the -OH group.

Moreover, a reduction of the intensity of the absorption bands in the 2915
and 2847 cm™, related to the absorption of the stretching vibrations of CH;- groups
and -CH3-CH2-ester groups, and a strong reduction in the intensity of the ab-
sorption band of 1236 cm™ in the spectrum of the initial EVA, corresponded to
absorption band of fluctuations with regard C-O group in acetate are observed.

Above-mentioned absorption band is absent in the spectrum of the com-
pletely hydrolyzed EVA that is presented on Figure 3.3 and it indicates a com-
plete hydrolysis of ethylene-co-vinyl acetate. On the evidence of this: there is the
almost a complete reduction in the intensity of the absorption bands observed in
2915 and 2847 cm™ relating to the absorption of the stretching vibrations of -CHj
groups and -CH3-CH2-ether groups. In addition, there is an almost a complete
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Figure 3 — FTIR spectrum of completely hydrolyzed EVA
absence of bands in the 1735-1738 ecm™ - stretching vibrations of the carbonyl

group C = O in esters, the presence of a broad absorption band of 3236 cm™
corresponding to the stretching vibrations of -OH groups [7].

Table 1 — General physical, chemical and rheological characteristics of oils of oil fields
in the South Turgay basin [8]

. d, | WAT | Wax, | Asphalt., | Resins, Fraction, %
Ne Crudeoil 3 . o o o
kg/m C Yo Yo o 1200°C | 300°C |350°C

1 | Kumkol 8104 | 12 | 144 0,1 7.6 29 49 59

2 Akshabulak 829,7 21 14,3 0,6 8,6 29 48 58

3 Konys 874.,4 24 16,5 2,0 7,1 15 33 47

4 Bektas 825,7 21 19.4 1,2 9,6 29 48 58

5 | Aschysay 8782 | 21 | 20,1 1,3 9,2 20 39 51

Effect on wax appearance temperature of waxy crude oils. The pour point
depressant that was injected into oil disperse system modifies formed crystals of
paraffin and regulates the structure of oil dispersion by means of increasing its
aggregative stability. Therefore, a certain pour point corresponds to determined
oil type with certain injected depressant additive. According to the results of
experimental tests on determination of wax appearance temperature, conclusions
on the influence of modified pour point additives have been done.

The key point is the impact of additives on the pour point depression and
cloud point depression for different types of oil and oil mixtures. Compared to the
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original ethylene-vinyl acetate copolymer, the chemical structure of modified
EVA displays more polarity due to the presence of hydroxyl groups, which
promote better disarrangement during wax crystallization process. The lack of
paraffinic chains in the structure of partially hydrolyzed EVA is one of the
reasons of better results achieved by modified EVA copolymers [7].

Table 2 shows wax appearance temperature change of crude oils and oil
mixtures when heat-treated and treated with additives. As it can be seen from the
table, modified additive has high performance and this magnitude is stable for
different types of oil.

Table 2 — Wax appearance temperature of waxy crude oils
in the South Turgay basin after heat and additive treatments

Waxy crude oil Treatment Pour Point, °C
Heat treatment +18
Akshabulak Industrial additive +6
Modified EVA 0
Heat treatment +21
Achysay Industrial additive +15
Modified EVA +9
Heat treatment +24
Konys-Bektas Industria ladditive +12
Modified EVA +6
Heat treatment +12
Kumkol Industrial additive 0
Modified EVA -3

Conclusion. Modified a new ethylene—vinyl acetate copolymer (EVA) with
alcohol in presence of sodium hydroxide.The alcoholized copolymer was cha-
racterized by Fourier transform infrared (FTIR) spectroscopy. The obtained co-
polymer was tested into pour point depressant(PPD) of crude oil of different
crude oils from different oil basin. The results showed that EVA greatly decreases
the Pour Point of crude oil compared to industrial additives and heat treatment.

REFERENCES

[1] Sanchez-Minero F., Ancheyta J., Silva-Oliver G., Flores-Valle S. Predicting SARA
composition of crude oil by means of NMR // Fuel. 2013, 110, 318-321.

[2] Vieira L.C., Buchuid M.B., Lucas E.F. Effect of pressure on the crystallization of crude oil
waxes. 1. evaluation of crude oils and condensate // Energy Fuels. 2010, 24, 2213-2220.

[3] Taraneh J.B., Rahmatollah G., Hassan A., Alireza D. Effect of wax inhibitors on pour
point and rheological properties of Iranian waxy crude oil // Fuel Process. Technol. 2008. 89,
973-977.

[4] Rama Venkatesan, Jeff Creek. Wax deposition and rheology: Progress and problems from
an operator's view. Offshore Technology Conference, Houston, Texas, USA, 3-6 May 2010.

271



XUMWYECKHH )KYPHAJI KA3AXCTAHA

[5] Misra S., Baruah S., Singh K. Paraffin Problems in Crude Oil Production and Transpor-
tation: A Review // SPE Production and Facilities. 1995 (10). P. 50.

[6] Dellyo Alvares, Elizabete F. Lucas. Chemical Structure Effect of (Meth) Acrylic Ester
Copolymers and Modified Poly (Ethylene-Co-Vinyl Acetate) Copolymer on Paraffin Deposition
Prevention in Crude Oil // Petroleum Science and Technology. 2000. Vol. 18(1&2). P. 195-202.

[7] Yongwen Ren, Zhaojun Chen, Hui Du, Long Fang, Xiaodong Zhang. Preparation and
Evaluation of Modified Ethylene-Vinyl Acetate Copolymer as Pour Point Depressant and Flow
Improver for Jianghan Crude Oil // Ind. Eng. Chem. Res. 2017. 56 (39). P. 11161-11166.

[8] Kozhabekov S.S., Boranbaeva L.Y., Didukh A.G., Alexeev S.G. Commercial oil and oil
mixture, transported by pipeline network of the Republic of Kazakhstan. Almaty, 2005. P. 403.

Pe3rome
C. C. Koocaberos, O. O. JKybanos, T. XKexcenbex

STUJIEH-BUHWIALIETATTBIH TYPJIEHIPUITEH COITOJMMEPIH
TTAPA®UHII MYHAMIBIH KATY TEMITEPATYPACBIH
TOMEHJIETY/IE KOJIJAHY

DTHICH KOHE BUHMIIALETATTHIH comoiuMepi (OBA) aneraTThlK TONTBIH THAPOIH3I
apKBUIBI TYpACHIIpULAl. [1iHapa rHAPOIU3ACHICH COMOIUMEP HHPPaKbI3bl1 Dyphbe Crek-
tpockonusicel (FTIR) apkpuibl cumatrangsl. DBA TypienipuireH mosisipisl TOOBIHBIH,
MYHAaMIBIH aKKBIILITHIFBIH JKOFAJITY TEMIIEPaTypachlHBIH TOMEHJETYiHE acepi 3epTTEeN/i.
Hornexecinne DBA mnapaduHal MyHalablH aKKBILTHIFBIH JKOFAITY TEMIIEPaTypachlH
e/9yip TeMEHJETEeTiHI aHbIKTanAbl. JOBA comommMepi TypAeHAiIpyAeH KeliH mapaduH
KPHCTAJIAAPhIH YIKEH 3JICKTPOCTATUKAIBIK TEOUTIC KYIIIMEH KaMTaMachl3 eTeli J)KoHE Jie
oJici3 OaiiaHpICKaH MmapauH KPUCTAN TOPIAPBIHBIH KAIBINTACYbIHA JKaFAai yKacaiibl.

Tyiiin ce3nep: aKKBIITHIK TEMIIEPaTypachlH TOMEHIETY KOCIAChl, 3THJICH XKOHE
BHHWIIAIICTATTHIH TYpICHIIpinreH conoixumepi (3BA), mapadun.

Pe3rome
C. C. Kooicaberos, A. A. XKybanos, T. Kexcenbek

MOJIUDHULIMPOBAHHBII COIIOJIMMEP STHUJIEH-BUHUJIALIETAT
KAK JEHPECCAHT TEMIEPATYPBI HOTEPH TEKYHECTU
IMTAPAOMHNUCTOU HED®TU

Moan¢unrpoBan cononuMmep 3TwieHa W BuHMiIanerara (OBA) myrem rumponusa
aretaTHON Tpynmbl.YacTHYHO T'HAPOJIM30BAaHHBIA CONONIMMEp HM3y4alnn WH(pakpacHOH
®ypre cnekrpockonueit (FTIR). MccnenoBano BiausHIEe MOAM(DHUIIMPOBAHHBIX MTOJSIPHBIX
rpyrnn OBA Ha cHW)KEHHE TeMIepaTypsl MoTepu TeKydecTn HedTu. Pe3ymbraTel mokasa-
mu, uyro DBA 3HaunTenpHO CHIKaeT Temmeparypy norepu Tekydectu (TIIII) mapadu-
auctoit Hegtr. Comommmvep DBA mocie mMomnpukamyym MOXeT 00ecTednTh OOIBIIYIO
ANEKTPOCTATUYECKYIO CHITY OTTAIKUBAHHS KPUCTAJIIOB apaduHa, U CO3/1aeT YCIOBHUS /IS
(dhopMupoBaHus ropasao 0osee caboCBA3aHHON KPUCTAIINICCKON CETKU Mapa(puHOB.

KaioueBsbie ciioBa: genpeccant temiepaTtypsl norepu texkydecta (PPD), monudu-
UPOBAHHBIN cOMoNMMep dTuiieHa u BuHMIaneraTa (OBA), napaguHn.
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SYNTHESIS OF NEW DERIVATIVES
OF PHENYLOXYPROPARGYL PIPERIDINES

Abstract. 4-(3-phenoxyprop-1-yn-1-yl)piperidine-4-ol has been obtained by conden-
sation of 1-methyl-piperidine-4-one with phenoxypropargyl in the Favorsky reaction con-
ditions in absolute benzene, in the presence of a fivefold excess of powdered technical
KOH at the ratio of piperidone-4:phenoxypropargyl = 1:1.5. Upon acylation of tertiary
phenoxypropynyl piperidol by cyclobutane-, cyclopentane-, cyclohexanecarbonyl
chlorides in dioxane at the room temperature or upon heating, the corresponding hydro-
chlorides of esters have been formed. The structure of the synthesized compounds has
been confirmed by the NMR and X-ray spectroscopy data.

Key words: phenoxypropargylpiperidine-4-ol, cyclobutane-, cyclopentane-, cyclo-
hexanecarbonyl chlorides, esters.

The search of new compounds for antimicrobial and virucidal activities,
including those capable of inducing a reversion of medicine susceptibility, is
related to the priority direction for the development of new anti-infective medi-
cinal preparations. The topicality of the research, despite of a large range of anti-
bacterial remedies available, is connected, first and foremost, with a high adap-
tability of pathogenic organisms to medicinal preparations, including antibiotics
[1-3].

The directed construction of new molecules from pharmacophore structural
fragments, among which the saturated nitrogenous heterocycles play the leading
role, being synthetic analogues of natural alkaloids, is deemed to be an efficient
way of searching for effective biologically active compounds (BAS). Alkyloxy-,
aryloxy- and heteroaryloxypropinylcarbinols, various by their structure [4-7],
have proved to be convenient reactive “building blocks” in the organic synthesis,
including those for BAS.

The current situation in organic chemistry reflects the lack of new leader
structures, which may be optimized to therapeutically useful preparations. The
scientific research, aimed at creating new materials for practical medicine and
agriculture, is of top priority in the entire world.

The basis for the present studies has been a high biological activity of the
previously synthesized esters of 1-(2-ethoxyethyl)-4-hydroxy-4-[3-(aryloxy)pro-
pyn-1-yl]piperidines [8] and piperidine-containing esters of cyclopropanecar-
boxylic acid [9-12].
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A directed introduction of a cyclopropanecarbonyl fragment into the
phenoxypropylpiperidine structure has lead to the compounds of an anti-infective
activity. It has been shown, that hydrochloride of 1-methyl-4-(3-phenoxypropyn-
1-yl)-4-cyclopropanecarbonyloxypiperidine with the code AIP-36, displays an
antimicrobial activity in relation to all seven archival strains of microorganisms,
used in the experiment: Escherichia coli ATCC 25922, Klebsiella pneumoniae
ATCC 10031, Candida albicans ATCC 10231 in the concentration (MIC) of
1000 pg/ml, and in relation to Escherichia coli ATCC-BAA-196, Klebsiella pneu-
moniae ATCC 700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus
aureus ATCC-BAA-39 in the concentration (MIC) of 2000 pg/ml. Hydrochloride
of 1-propyl-4-(3-phenoxyprop-1-yn-1-yl)-4-cyclopropanecarbonyloxypiperidine/
with the code AIP-37, suppresses the growth of 6 strains of microorganisms [9-14].

The present work aims the directed synthesis of new phenoxypropargyl-
piperidines with a potential antibacterial activity by varying the nature of an
acyloxy group and introducing additional pharmacophors, the fragments of small
cycles — cyclobutane-, cyclopentane-, cyclohexanecarbonyls, into the molecules.

Condensation of 1-methyl-4-oxopiperidine (1) with phenoxypropargyl in the
Favorsky reaction conditions [13, 14] leads to a tertiary phenoxypropargyl alco-
hol (2).

(0]
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HO B o - R 1 //O I{C -0 — / Rl
= Ry Ry C\Cl 2 6]
—_— —_—
N KOH, benzene N dioxane
& | N Hl
Hj CH;, CH,
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! <\ /> )i <> O

Phenyloxypropynylpiperidol has been obtained with good yield (table 1)
with the following optimum paraneters of the reaction: a ratio of piperido-
ne:phenyloxypropine = 1:5, absolute benzene, a fivefold excess of technical
caustic potassium.

Acylation of phenoxypropynyl piperidol (2) by cyclobutane-, cyclopentane-,
cyclohexanecarbonyl chlorides, taken in excess, is carried out at the room
temperature or upon heating in dioxane. The esters of cyclobutane-, cyclopentane-
, cyclohexanecarboxylic acids (3-5) are crystalline powders of white, cream color,
easily soluble in water, ethanol, and acetone.

The composition and structure of the synthesized compounds (2-5) have been
confirmed by elemental analysis, IR spectroscopy, ~C NMR-spectroscopy,
individuality has been confirmed by TLC (table 1).
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Table 1 — The yields and physical and chemical characteristics of the compounds 2-5

Compound Yi;ld’ R t I},l'p" IR spectrum, cm’ Empirical formula
° C OH C=0 of ester
2 74.6 0.27 84-86 3414 - CsHoNO,
3 68.31 0.82 140-143 - 1735 CyoH6NO5Cl
4 72.1 0.91 163-165 - 1736 C,1HsNOsCl
5 24.6 0.83 181-183 - 1737 Cy,H;30NOsCl

In the IR spectrum of piperidol (2), absorption bands of stretch vibrations of
a hydroxyl group are observed in the region of 3414 cm™', and that of the aromatic
ring — in the region of 617-774 cm™'. Intensive absorption bands in the region of
1735-1737 cm™', caused by C = O vibrations of an ester group, testify to the for-
mation of the target esters of 4-phenoxypropynyl piperidols-4 of cyclobutane-,
cyclopentane-, cyclohexanecarboxylic acids (3-5).

Table 2 shows the values of chemical shifts of carbons, which fully confirm
the carbon composition of esters of 4-phenoxypropynyl piperidols-4 of cyclo-
butane-, cyclopentane-, cyclohexanecarboxylic acids (3-5).

Table 2 — The values of chemical shifts of carbon atoms in *C NMR- spectra of esters
of 4-phenoxypropynyl piperidine-4-ols of cyclobutane-, cyclopentane-,
cyclohexanecarboxylic acids (3-5)

C Chemical shift (CDCls), 8, ppm.
om-
pound C3’5 C2,6 C4 CH CH2 C=O EC- C4-CE O-CHZ OPh N-CH3
CH,
3 33.83 | 48.69 (72.35| 42.35; | 18.22; [173.22| 81.88 | 86.07 | 56.01 | 115.58; | 37.96
cyclo- | 25.03 121.86;
butane | cyclo- 129.98;
butane 157.67
4 [36.37;]56.03;|78.38| 50.83 | 25.85; [174.36|81.72 | 91.16 | 61.02 | 115.47; | 48.85
36.54 | 56.16 cyclo- | 29.83 121.72;
pentane | cyclo- 130.01;
pentane 157.89
5 |33.15;|50.17;(80.04| 42.76 | 25.31; |174.36|70.84 | 81.74 | 56.03 | 115.48; | 48.85
33.80 |50.84 cyclo- | 25.77, 121.79;
hexane | 28.85 129.92;
cyclo- 157.59
hexane

In the “C NMR spectra (table 2) of cyclobutane-, cyclopentane-, cyclo-
hexane- carbonyloxy derivatives (3-5), singlet signals of carbon atoms of the ester
carbonyl region are observed in the region of 173.22-174.36 ppm, a singlet signal
of C,4 resonates in the region of 72.35 -80.04 ppm, a carbon atom of a methylene
group of the propylene fragment is observed in the region of 56.01-61.02 ppm.
The weak-field region (115-157 ppm.) of the spectra is “populated” by the signals
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of aromatic carbons. The signals in the region of 18.22-29.83 ppm. and 42.35-
50.83 ppm. are assigned to carbons of the cyclobutane, cyclopentane, cyclo-
hexane rings. Besides, there is a doublet set of C; 5 and C, ¢ signals, respectively,
in the region of 33.80-36.54 ppm. and 48.69-56.16 ppm. of the piperidine cycle,
associated with a slow inversion of the latter due to the bulky substituents at C,.

EXPERIMENTAL CHEMICAL PART

The course of the reaction and individuality of the compounds were
controlled by TLC on aluminum oxide of the III degree of activity, with the deve-
lopment of spots by iodine vapors. The IR spectra were recorded on a Nicolet
5700 spectrometer in a thin layer between the KBr plates. 'H and >C NMR spec-
tra were recorded on a JNM-ECA400 spectrometer of the company JEOL (400
and 100,8 MHz, respectively) in CDCl;, HMDS was used as an internal standard.

1-methyl-4-(3-phenoxypropyn-1-yl)-4-hydroxypiperidine ~ (2). 1485 g
(0.2652 mol.) of powdered potassium hydroxide in 40 ml. of absolute benzene
was introduced into a flat bottom flask, after 10 min. 34.03 ml. (0.2652 mol.) of
3-phenoxypropine-1 in 40 ml. of absolute benzene was slowly added dropwise
upon stirring. Herewith, a slight heating and change of color of the solution were
observed. After 30 min. a solution of 10 g (0.0884 mol.) of 1-methyl-piperidine-
4-one in 30 ml. of absolute benzene was added dropwise. The reaction mixture
was stirred for 5-6 hours at the room temperature. The reaction course was
controlled by TLC. 150 ml. of distilled water was added to the reaction mixture,
the layers were separated. The aqueous layer was extracted with benzene. The
combined organic layers were washed with a 10% solution of hydrochloric acid,
and the aqueous-acidic layer was extracted with benzene for the complete
removal of the neutral products. Then it was alkalinized with a saturated solution
of sodium hydroxide NaOH, extracted with benzene, and dried over magnesium
sulfate. The drying agent was filtered, the solvent was vaporized, and the residue
was re-crystallized from hexane. 17.51 g (74.6% of the theoretic value) of alcohol
(2) was obtained in the form of white crystals, m.p. 84-86 °C, Rf 0.27 (eluent -
benzene:dioxane-4:1).

Hydrochloride of I1-methyl-4-(3-phenoxypropyn-1-yl)-4-cyclobutanecarbo-
nyloxypiperidine (3). A solution of 1.05 ml. (0.0092 mol.) of cyclobutanecarbonyl
chloride in absolute dioxane was slowly added upon stirring to a solution of 1.5 g
(0.0061 mol.) of 1-methyl-4- (3-phenoxypropyn-1-yl)-4-hydroxypiperidine (2) in
absolute dioxane. Herewith, a heating of the reaction mixture was observed. The
mixture was kept at the room temperature for 24 hours. The reaction course was
controlled by TLC. The solvent was removed. The residue was washed with
diethyl ether, re-crystallized from isopropanol. 1.52 g (68.31% of the theoretical
value) of hydrochloride of 1-methyl-4-(3-phenoxypropyn-1-yl)-4-cyclobutanecar-
bonyloxypiperidine (3) was obtained in the form of crystals, m.p. 140-143 °C, R;
0.82 (ALO;, eluent - benzene:dioxane - 3:2).
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Hydrochloride of I-methyl-4-(3-phenoxypropyn-1-yl)-4-cyclopentanecarbo-
nyloxypiperidine (4). A solution of 1.11 ml. (0.00915 mol.) of cyclopentanecar-
bonyl chloride in absolute dioxane was slowly added upon stirring to a solution of
1.5 g (0.0061 mol.) of 1-methyl-4-(3-phenoxypropyn-1-yl)-4-hydroxypiperidine
(2) in absolute dioxane. Herewith, a heating of the reaction mixture was observed.
The mixture was kept at the room temperature for 24 hours. The reaction course
was controlled by TLC. The solvent was removed, and the residue was washed
with diethyl ether, re-crystallized from isopropanol. 1.66 g (72.1% of the theoretic
value) of hydrochloride of 1-methyl-4-(3-phenoxypropyn-1-yl)-4-cyclopentane-
carbonyloxypiperidine (4) was obtained in the form of crystals, m.p. 163-165 °C,
Rf0.91 (AL Os, eluent - benzene:dioxane - 4:1).

Hydrochloride of I1-methyl-4-(3-phenoxypropyn-1-yl)-4-cyclohexanecarbo-
nyloxypiperidine (5). 1.5 g (0.007 mol.) of 1-methyl-4-(3-phenoxypropyn-1-yl)-4-
hydroxypiperidine (2) was dissolved in a small amount of absolute dioxane, then
a solution of 1.26 ml. (0.014 mol.) of cyclohexanecarbonyl chloride in absolute
dioxane was added. Herewith, a heating of the reaction mixture and change of
color of the solution from light yellow to light brown were observed. The mixture
was held overnight at the room temperature. The solvent was removed, and the
residue was re-crystallized from isopropanol. 1.5 g (24.6% of the theoretical
value) of hydrochloride of 1-methyl-4-(3-phenoxypropyn-1-yl)-4-cyclohexane-
carbonyloxypiperidine (5) was obtained, mp. 181-183 °C, R; 0.83 (AL,Os, eluent -
diethyl ether).

The work has been performed within the frames of the grant financing of the
Ministry of Education and Science of the Republic of Kazakhstan No. AP05131065.
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Pe3ome
I C. Axmemosa, ¥. b. Hcaesa, K. JI. Ilipanues, H. B. Kopomeyxas, O. T. Ceiinxanog

OEHUIJIOKCUITPOITAPT MJIIUITEPUIVHIEP KATAPBIHBIH,
KAHA TYBIHABIITAPBIH CUHTE3AEY

daBopckHii peaKIUsICHl JKaFaalbiHAa |-MeTHWI-MUNIEPUINH-4-0H- bl a0COJIOTTHI
OcH3oma Oec ece apThHIK Meepiae anblHFaH TexHUKaIbK KOH YHTOFbl KaThICHIH[A,
nunepunoH-4:perokcunpopraprua = 1:1,5 xaTbIHaChIHIA (PCHOKCUIIPOTIAPTUIMEH KOH-
JICHCaNusuIay apKblIbl colikecinmie 4-(3-dgenokcunpon-1-un- 1 -mm)nunepuanH-4-oJ1 ajbiH-
JBL. YTIHIIUTK (PCHOKCUIPONMHIIII THITIEPUIONIAB TUKIO0YTaH-, IUKIOTCHTaH-, [THK-
JIOTEKCAaHKApOOHMITXIIOPUATEPMEH ITHOKCAHIA alMIApIey Ke3iHae OenmMe TeMiepaTypa-
CBIHIA HEMece KBI3ABIpFaHga CoMKeciHIme KypAeni 3upiepaiH ruapoxIIOpuaATepi Ty3i-
neni. CuHTE3ENTeH KOCBUTBICTAapABIH KypbUTbIMEI IMP sxone UK cnekTpockomus ap-
KBUIBI QJIENAEHII.

Tyiiin ce3aep: GeHOKCHIIPONAPTWINUIEPUANH-4-071, IIUKIOOyTaH-, IIUKIONEHTaH-,
[UKJIOT€KCaHAPOOHMIIXJIOPUATED, KypAesi adupiep.

Pe3zrome
I C. Axmemosa, V. b. Hcaesa, K. J[. IIpanues, H. B. Kopomeyxas, O. T. Cetinxanog

CUHTE3 HOBBIX ITPOM3BOJHBIX PAJTA
OEHUJIIOKCUITPOITAPT MJITIUITEPUJUHOB

Konpencauueit 1-metun-nunepuauH-4-oHa ¢ (QEHOKCHUIIPONAPTUIOM B YCIOBHSX
peakunn PaBopckoro B abCONIOTHOM OEH30J5Ie B MPUCYTCTBUH ISTHKPATHOTO HM30BITKA
ropormkoobpasnoro texuudeckoro KOH npu cooTHomeHnn numepuioH-4:(hpeHOKCHIIpop-
naprun = 1:1,5 monmydeH cootBercTBytonmii 4-(3-peHokcunpon-1-un-1-mwm)nmunepuaun-4-
on. [Ipn aunnupoBaHUH TPETHIHOTO (PEHOKCHUIIPONMHMIIOBOTO MUMEPHUIOIIA IIMKI00yTaH-,
LUKJIOTIEHTAH-, IUKJIOTEKCAHKapOOHUIXJIOPHIAMH B INOKCAHE NPH KOMHATHOW TeMIiepa-
Type WM HarpeBaHUM 00Pa3yroTCsl COOTBETCTBYIOMINE THAPOXIOPHIBI CIOXKHBIX 3(hUPOB.
CrpoeHre CHHTE3MPOBAHHBIX COEAWHEHMH MOJATBEPXKICHBI ITAHHBIMU CHEKTPOCKOIIMH
SIMP u UKC.

KaioueBsbie cioBa: peHOKCHUTIpONapruimUnepuanH-4-oi, HUKI00YTaH-, [IUKIONECH-
TaH-, IUKJIOT€KCaHAPOOHUIIXJIOPHU/IBL, CIIOXKHBIE (UPBIL.
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IOBUJIEVHBIE JTATbI

Konnextus opaena Tpynosoro Kpacuoro 3namenu MHCTUTYTa XUMHUYIECKUX
Hayk uMmeHun A.b. bekTypoBa cepieuHO MO3ApaBisieT IJIaBHOIO HAYYHOIO CO-
TPyAHHWKa J1adopaTopuy HEOPraHWYEeCKOr0 CHHTEe3a W MaTepHaioB JOKTOpa
TEXHUUYECKUX HayK, nmpodeccopa Cyarana Ycmanosa c 70-1eTHUM ro0ueem!

Cynran VYcMmMaHOB Tmociae OKOHYaHMS TaIIKEHTCKOIO IOJMTEXHUYECKOTO
nHcTHTyTa UMeHN A.P. Bepyau ¢ 1969 mo 1992 r. paGoran MuaaimmM, cTapimm
Hay4YHBIM COTPYAHHMKOM W 3aBeIyomuM JabopaTopueit BececorozHoro mHCTATYTA
XJIONKOBOJICTBA MMHHUCTEPCTBA CEJNBCKOTO XO3siicTBa M MHcTuUTyTa XUMMHU
Axkanemun Hayk PecrryOnmukn Y30eKucTaH.

B anpene 1992 r. 6pu1 u30paH AUPEKTOPOM BHOBEL OpraHM30BaHHOTO MH-
CTHTyTa ynoOpeHuni Akajgemuu Hayk PecnyOnmuku VY30ekucCTaH, KOTOpHIH BO3-
[JIaBIISUT 710 ceHTI0pst 1997 T.

[Tocne peoprannzanuu B cucteMe AkageMun Hayk PecryOnuku Y30ekuctan
BEPHYJICSI HA UCTOPHUECKYI0 poanHy B PecryOnmky Kazaxcran u Obl1 HazHaueH
Ha JnoipkHocTh mpencenatens npasieHuss TOO «AIIK «Cynkap», a B oKT0pe
2003 r. cran npesugeHtroM TOO «Hay4HO-IpOU3BOJACTBEHHOE OOBEIMHEHUE
«Ana XKep», ¢ 2006 r. sBisierca npeacenatenem mnpasieHuss TOO «Xazpar-Anu-
AxOap». CoueTast pyKOBOSIIYIO pabOTy ¢ HAYYHOH eATeNbHOCTHIO, ¢ 2006 T. o
HacTosIIIee BpeMsi, TPYJUTCS TJIaBHBIM Hay4HBIM cOTpyAHUKOM B AO «MHCTUTYT
XUMHUYeCKUX Hayk umeHu A.b. bektypoBay.
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C. YcmanoB B 1974 r. ycnemHo 3aumiuTui KaHAWJIATCKyro, a B 1986 1. —
JOKTOPCKYIO AMCCEPTAlUIO 10 CIENUaTbHOCTH «TEeXHOIOTHS HeOpraHUYECKUX
BEIIIECTBY», B JickaOpe 1988 r. eMy MPUCBOCHO YUYCHOE 3BaHHUE «IIPOdeccopy.

C 1992 r. mo 1996 r. sBmsics npeacenarenem PernonanpHoro Crenuanu-
3upoBaHHOTO COBETa MO 3aIIUTE AOKTOPCKHX TUCCEPTAlMHA MO CIEHUaTbHOCTH
«TexHoNOrns HEOPraHWYECKUX BeUIeCTB» i peciyonuk Cpemned Asuu u
Kazaxcrana.

Hayunvim nanpasnenuem C. Ycmanosa sBIsSieTcs pa3paboTka QyHIa-
MEHTAJILHBIX ¥ MPUKJIAIHBIX OCHOB MAJIOOTXOJIHOM SHEPro-pecypcocoeperaromeit
TEXHOJIOTUU; CO30aHUue TIPOU3BOJICTBA, NPOOSUdICEHIe Ha PBIHOK OTEYECTBEHHBIX
MUHEPAJIbHBIX, OMO-, MEKPOOHO-, OpraHOMUHEPANBHBIX yIO0OpPEHHA, TTPOIOHTH-
POBAHHOTO NCHCTBHS M NECTULHUAHBIX IPEHApaTOB C PEryJUPYEeMbIM KOMIIO-
HEHTHBIM COCTaBOM M 3a/IaHHBIMU CBOMCTBaMHU.

Hayunsie pe3ynbTarhl U pa3paboTaHHBIE TEXHOJOTHH H3JI0KEHBI B 2 MOHO-
rpadusx, 12 — xkaurax, 6 — Opomropax, 460 — ctatesix, 54 — aBTOPCKHX CBUAE-
tenscTBaX CCCP, 36 — marentax Pecry6nuku Kaszaxcran u Pecrybnmuku V36e-
KHCTaH, | — mareHTe Ha n3o0peTeHne EBpa3uiickoro nmaTeHTHOTro BegoMcTBa. VM
MOATOTOBIIEHO 2 NOKTOpPA, 18 KaHAMAATOB HAyK U 2 MarucTpa.

C. YcMaHOBBIM Ha OCHOBaHUH TPOBEICHHBIX (DyHIAMEHTAIBHBIX HCCIIE0-
BaHUH B MHOTOKOMITOHEHTHBIX BOJHO-COJIEBBIX CHUCTEMaX, BKIIOYAFOIIUX WHJIH-
BHyaJbHbIE MOUYEBUHO-(OPMANBIETHIHBIE COCJUHEHHS, XeJaTHbIE (QOPMBI
tdurocoenmuuennit (Cu, Zn, Co, Mo, Mn, B, Fe), dhocdaTsr, HUTpaThI, XJIOPUIBI U
cyJbdaThl HEKOTOPBIX I[BETHBIX M YEPHBIX METAJUIOB, YCTAHOBJICHBI 00JIACTH
kpuctayuu3anuu 30 HOBBIX JBOWHBIX COSAMHECHUH.

HccnenoBanne coctaBa W CBOWCTB MONYYEHHBIX HOBBIX (a3 SBMIINCH Hayd-
HOH OCHOBOI:

— CO3[]aHMsI HOBOTO KJlacca MEJICHHO JCWCTBYIOIIUX a30THBIX, KOMIUICKC-
HBIX TPOJIOHTUPOBAHHBIX M OPTaHOMHHEPAIBHBIX YIO0OPEHUH, XUMHUYECKUX Me-
JHOPAHTOB, KOHIUIIMOHUPYIONIMX areHTOB, NCHCTBYIONIMX BEIIECTB, TEXHUYEC-
KHX TPOJYKTOB M MpPENapaThBHON (GOpMBI MpenapaToB MoU(yHKIIMOHAIBHOTO
NEHCTBHA, IPOTPABUTENEH CeMsH, TepOnuIuaoB, GUuToONOyI00peHuil ¢ BRICOKON
OMOJIOTHYECKOHN, arpOXUMUIECKON W SKOHOMHYECKOH 3(h()EKTUBHOCTHIO Ha 3aCO-
JICHHBIX 3€MJISIX, TTOJIOKUTEIBHO BIHUSIOIIMX Ha MOYBEHHOE TUIONOPOINE U Kaue-
CTBO MPOAYKIIHU;

— OMNpeeiCHHUS ONTHMAJIbHBIX TEXHOJOTHUECKUX I[MapaMEeTPOB HMX IOJIY-
YeHHMs, BEIOOpA ammapaTypbl M0 OTICILHBIM CTaJUSIM TEXHOJIOTHH, 00OOCHOBAHUS
YCIIOBUI UX XpaHEHUS ¥ BHECEHUS B ITOYBY;

— YCTaHOBJICHHS 3aKOHOMEPHOCTH BJVSIHHA TPENapaToB Ha HOGbluieHUE
YUCJICHHOCTH MHKPOOPIaHU3MOB IOYBBI, (PMKCHPYIOIINX aTMOCHEPHBIH a30T U
MOOHMIM3YIONINX HepacTBOpuMbIe (ocHOpHBIE COCAMHEHHS TOYBBI, CHUMCEHUS.
YUCIIEHHOCTH OJUTrOTPo(OB, MHUHEPANH3UPYIOIIUX TyMyC M pa3jararoimx
HUTPATHBINA 30T [TOYBHI.

[Mony4yeHHble pe3ynbTaThl MCCIEIOBAHUN BIEPBBIC OBLIM YCIEIIHO MpUMe-
HeHbl B CCCP Ha YWpPUYMKCKOM TPOHM3BOJCTBEHHOM OOBECIUHEHHH «DJIEKTPO-
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xumnpom» (HpiHE — AO «MAXAM-CHIRCHIQ») nist 3KcropTHOW MHOCTaBKU
kapbamuna. Kapbamua ¢ no6aBkoi kapOamuno-(popMaibIerdAHBIMA COEIUHE-
HUSIMM IO Hacrosuiee BpeMmsi mocrasisiercsi B Benrputo. Ha Camapkanackom
XUMHYECKOM 3aBOJI€ OBUIO OPTraHM30BAHO IPOM3BOICTBO MPOTPABUTENS CEMSH
xyonuaTtHuka [1-4, KOTOpbI MO ceil JeHb HMCMONB3YeTCs CEIbX03TOBAPOIpPO-
W3BOAUTENSIMH, BO3AETBIBAIOIIMME XJIOMYaTHUK PecnyOmuk VY30ekuctan u
Tamxukucran, ['ocygapcrsa TypKMeHUCTaH.

[Mony4eHsl pa3pemuTeabHbIe CePTU(PHUKATHI Ha BBITYCK M UCTIOJIb30BAHUE!

— IECTULUOB - MPOTPABUTENN CEMSIH 3€PHOBBIX M XJIOMYATHUKA, CHCTEMHBIC
repoummasl, GyHTUIUABL, nedoTnaHThl, OnompenapaTsl, CTUMYJISTOPE pocTa U
passutus pacrenuii (1999-2011 rr.) B Pecniyoimke Kazaxcran Ha 13 nipeniapartos,
B Koipreizckoit Pecniyonuke — 7, B I'ocynapctse Typkmenucran — 4, B Pecry0-
nuke Y30ekucraH — 3 npenapara;

— (uro-, purobmonpenaparos n yaodbpenuii B Pecmybnmke Kazaxcran, cBu-
JETENbCTBO O PETHCTPALUN XUMHUYECKON MPOMYKIHHU, CEPTH(UKAT COOTBETCTBHS,
nacropT 0e30MaCHOCTH XMMUYECKOM MPOLYKIHH, CEPTH(UKAT MPOUCXOKICHHS,
craagapt opranm3anuu (10 2023 r.);

— ¢urodbuonpenapara MOPC u O6uoynobpenust buodapc-M B Poccuiickoit
®enepaunu, Pecniyonuke Y36ekucran, ['ocyzapctse Typkmenucran (1o 2023 r.).

Co31aHO TPOM3BOACTBO MPOTpaBUTENEH CeMsH, repOuMIuMIOB, Ouompena-
pPaTOB M CTUMYJIATOPOB pPOCTa M PA3BUTHUS PACTECHHIA.

Pazpaborannbsie npenapatel C. YcMaHOBa HIMPOKO HMCIONB3YIOTCS B pac-
TeHueBoAcTBe Kazaxcrana u B ctpanax Cpeaneil Azuu.

C. YcMaHOBBIM MOATOTOBJICHBI U TIPEACTaBIeHBI MPOEKTHl B [IpaBuTenscTBa
PecnyOnuk Kazaxcran — 13 u Y36ekucran — 4, ['ocynapcrBa TypkmenucTtad — 3,
Keiprezckoii Pecrrybmuku — 1, Poccniickoit @enepanuu — 1, Manaiizun — 1 o
COXPaHEHHUIO TOYBEHHOTO IUIOJIOPOANSA, TOJMYYEHHS BBICOKMX Ka4eCTBEHHBIX
YpO’KaeB CEeNbCKOXO3IUCTBEHHBIX KYJIbTYpP B YCIOBHUSX 3aCOJEHHOCTH 3€MEb U
CYXOBeeB IIpH Ae(UIITE TOYBEHHOHN BJIATU M MOJMBHOM BOJBI.

Konnexmue Hncmumyma xumuueckux nayx umenu A.b. Bexmyposa cep-
0eyHo nosdpaesisem OOKMOpad MexHuueckux Hayk, npogeccopa Cyamana Ycma-
HOBa C 100uUneeM U dcenaem emy Kpenko2o 300poebsl, CHACHbA, ONA20NOnyHUsL U
HOBbIX MBOPUECKUX YCHeX08 Ha 01420 IKOHOMUYECKO20 U COYUATbHO2O NpO-
yeemanus Pecnybonuxu Kazaxcman.

Tenepanvuwiii oupexmop opoena Tpyooeozo Kpacnozo 3namenu
AO «Huemumym xumuyeckux Hayk umenu A.b. Bexkmyposay,
Axademux HAH PK E.E. Epzoxcun
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TpeOoBanus A1 oopMIeHHs cTaTell B JKypHase
«XUMHUYECKHM ) KYPHAJI KABAXCTAHA»

Hayunslil sxypHan OTKpeITOro gocryna «Xumudeckui xypHai Kazaxcrana»
mnaercsa opaeaa TpynoBoro Kpacaoro 3HamMenn MHCTHTYTOM XHMHYECKIX HAYK
umenn A.b. bexTypoBa ¢ neproandHOCTHIO 4 HOMEpa B IO/,

Hens XKXypHana — ocBelieHuE HOBBIX HAYYHBIX PE3YyJbTaTOB M WJIEH, Mpo-
OJIEMHBIX BOIIPOCOB HayKH M TE€XHHUKH, IOCIEIHUX Pa3pabOTOK M HCCICHIOBaHUI
10 aKTyaJlbHBIM MpobieMaM (QyHIaMEHTATbHBIX W MPUKIAJHBIX HCCICIOBAaHUH B
00JIaCTH HEOPraHWYECKON W OpraHMYecKOl XMMHHU, XUMHUU M TEXHOJOI'MH MOHO-
MEpPOB M BBICOKOMOJIEKYJISIPHBIX COCIMHEHHUH, HOHHOTO OOMeHa, HePTEXUMHUU U
He(pTEXUMHUYIECKOTO CHHTE3a, XMMHH JIEKAPCTBEHHBIX BEUIECTB U (hPU3NOJIOTHIEC-
KU aKTUBHBIX COCIUHCHUH, XUMHUIECKOW JKOJIOTHHU, XUMHUH YIOOPEHUI U COJEH,
¢u3nuecKol XMMUHU AJsl IIUPOKOro Kpyra cnenuanuctoB. B Xypnane myGmu-
KYIOTCSl HAY4YHBIE CTaTbU ¥ 0030pbI YYCHBIX, JOKTOPAHTOB, MAarnCTPAaHTOB, MTPOU3-
BOJICTBEHHHKOB, HMEIOIINE TEOPETUUECKOE U IMPAKTUIECKOE 3HAUECHHUE.

Cratby, mpeacTaBieHHbIE B penakiuio JKypHana, JODKHBI yAOBIETBOPSTH
CJICAYIOIINM TPEOOBAHMSM:

Oo0mue TpedoBanus. PegakiyionHas KoJerus MpuHUMaET CTaTby, HaObpaH-
HEIE B TEKCTOBOM peaakTope MS Word B 3JIeKTpOHHOM BHJIE, a TAKKe Ha OyMax-
HOM HOCHTEJIC, IPUYEM, TTOCIICTHSIS CTPAHUIIA TTOAMMUCHIBACTCS BCEMH aBTOPAMU C
[IPOCTABJICHUEM JIATHI.

Pucynkun mpencraBmsiorest ¢ paspemennem muaEMyM 300 dpi, B dhopmate
* bmp, .tiff. Cxembl, Tpaduky BBIIONHAIOTCS BO BCTPOCHHOW mporpamme MS
Word unu B MS Excel.

A3bik ctaThbu. CTaThbi MPUHUMAIOTCSA HA Ka3aXCKOM, PYCCKOM WJIM aHIJIMH-
CKOM S3bIKaX, OJTHAKO, B LIENAX Nomyisipru3annu JXKypHana, peJakimOHHOM KoJute-
rUell NPUBETCTBYETCS IPUEM CTATEH HA AHITIMHCKOM SI3BIKE.

Iapametps! cTpanunbl. @opmar crpanuisl: A4 (210x297 Mm).

[Tomst: BepxHee — 2 cM, HUXKHEE — 2 CM, JieBoe — 3 cM, mpaBoe — 1,5 cm.
PaccranoBka nepenocoB He nomyckaercsi. @o3amnbrit oreTym — 1,0 cMm.

YK. B Hauaze cratby, B BEpXHEM JIEBOM YIJIy YKa3bIBA€TCSI HOMEp IO YHHU-
BepcanbHOU necatuunoi knaccupukanuu (Y K), coorBercTByromuii 3asBieH-
Hoi Teme. [lanee, mocie OTCTyNa CTPOKH, YKa3bIBAIOTCS MHULMAIBI U (aMUIAN
aBTOpa(-OB), eIlle Yepe3 CTPOKY CIEAYFOT Ha3BaHUs OPraHM3aIMH(-if), B KOTOPOH(-bIX)
paboTaroT aBTOpHI, Ha3BaHKE IrOpojJa U cTpaHbl. Ele Hibke, yepe3 cTpoKy yKasbl-
BaeTCs Ha3BaHME CTAThbH MPONHUCHBIMHU OykBaMu. LLpudt - momy>XxupHBIi.

AnnoTtanus. [IpegocraBisercst Ha s3bIKke CTaThU (00beM He MeHee 150 ciioB).
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Kuarouessble ciioBa. CioBa u cioBocoueTanus (6-8), obecreunBaroriye Hanoo-
JIee MOJIHOE PACKPBITHE COJIEPIKAHUS CTAThH, MPEIICTABISIOTCS HA S3bIKE CTATHH.

I'apuutypa. Texcr crateu HaOupaercs B rapHutype Times New Roman,
pasmep kerns 14 0T, MEXCTPOUYHBII WHTEPBAJ - OAMHAPHBIN, (opmMaTHpoBaHHe -
10 IIMPHHE.

CtpykTtypa n 00béM cTaTbu. CTpYKTYpHpPOBaHUE CTaTbU MPOU3BOAMUTCS B
COOTBETCTBHU C OOLICTIPUHATHIMU CTaHAapTamu: ''BBegenue" (IODKHO BKITIO-
4aTh B ce0s MOSICHEHHE, B CBSI3U C YEM IPOBEJCHO JAHHOE MCCIIEAOBaHKE, 0030p
aKTyaJdbHOU JIMTEpaTyphl, 0OOCHOBaHHE BHIOOpPA METOIOJOTHUU WCCIEIOBAHUIN),
"JIKcnepuMeHTANbHAs 4acTh' (ONMUCaHWE MPOBOAMMBIX HCCIICAOBAaHU),
"Pe3yabTaThl U HX 00cy:KaeHHe'" (ITONydeHHBIE B XOJI€ MCCIICOBAHUS PE3yiIb-
TaThl), "BbIBOABI" (KacaTelbHO MMOyYEHHBIX PE3yIbTaTOB, B TOM YHCIIE COOTBET-
CTBYIOT JII OHH OXHJaHUSAM Wik HeT). OObeM CTaThH, BKIIOYAsh aHHOTAIMIO U
cnMcoK JuTeparypel: oT 6 10 10 crpanuun. OO30pHBIE CTaTbu MOTYT OBITH JO
20 ctpanuI.

CchlIKM Ha MCHOJIB30BAHHBbIE HCTOYHUKH. CCBUIKM Ha HMCIOJIL30BaHHBIE
WCTOYHUKHU MPUBOAATCS IIOCIE IIUTATH B KBAJIPATHBIX CKOOKAX, C YKa3aHUEM I10-
PAAKOBOTO HOMEpPA UCTOYHHKA IIUTHpOBaHus, B cooTBeTcTBHM ¢ ['OCT 7.1-2003
«bubnmorpaguueckas 3anuce. bubnnorpaduueckoe onucanue. OOmue TpedoBa-
HUS ¥ IPABHJIA COCTABIICHHSD).

Cnucox aureparypsl. Pacnonaraercs mocie Tekcra crarbu. Hymepanus
HayuHaeTcsl ¢ mepBoro Homepa, npensapsiercsi cioBoM «JIMTEPATYPA» u
oopmitsieTcst B opsiiKe YIIOMUHAHUS WIH IIUTHPOBAHUS B TEKCTE CTAaThH. Peko-
MEH/IyeMOe KOJIMYECTBO CChUIOK — He MeHee 20, B ToM uucie He MeHee 50% —
CCBUIKM Ha MEXIYHApOJIHBbIE HCTOYHUKU (KypHAIIBI, BXOJSIINE B MEXIYHApO.I-
Hble 6a3wl nanHbIX Clarivate Analytics, Scopus, Springer Nature). [lanee B ToM ke
MOPSIIKE TIPUBOJUTCS TpaHCIUTEpalusl crucka. [1oJ] oJlHUM HOMEpPOM YKa3bl-
BaeTcs TOJIKO OJUH MCTOYHHK. CIHMCOK JMTEPaTyphl AOJKEH OBITH MPEACTaBICH
Han0oJiee CBSXKUMH U aKTyaJIbHBIMH HCTOYHUKAMH.

Pestome. [ocie crincka auTepaTyphl JOJDKHBI OBITh TIPEICTABICHBI PE3IOME.
K npumepy, ecnu craTbs HamMcaHa Ha Ka3aXxCKOM SI3bIKE, TO Ha PYCCKOM M aHT-
JIMICKOM $I3BIKaxX JaroTcs pesrome, cocrosimue n3 @O aBropa (-0B), Ha3BaHWUA,
TekcTa ( He MeHee 150 cnoB), KIIOUEBHIX CJIOB, OPTaHU3ALINH, TJ€ BBIIOIHIIACH
pabora.

ConpoBoauTenabHble JOKYMEHTBI, IpUjaraemMble k cratbe. K crarbe mpu-
JIararoTCsl COMPOBOANUTENbHBIE JOKYMEHTHI (Ha Ka3aXCKOM MJIH PyCCKOM SI3bIKE):
1. Ilucemo-HampaBieHHE B PEAaKUIMOHHYIO Kojulernio JKypHana oT opranu-
3a1uu, B KOTOPO# TaHHOE MCCIIeT0BaHNE BBITIOTHEHO.
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2. AXT DKCIIepPTH3HI.

3. Csenenus 00 aBropax: @aMuus, UM 1 OTUYECTBO KAXKIOTO aBTOpa C yKa-
3aHHEM YUYCHOW CTEICHW M YYCHOTO 3BaHUs, CIyXeOHbIC W JIOMAIIHUE HOMEpa
TeneoHOB, MOMaNTHHE agpeca ¢ yKa3aHWEM TOYTOBOTO WHJEKCa, aJpec JIeK-
TPOHHOW TIOYTHI (B 2-X 3K3EMIUTAPax).

4. Peuensus.

5. Hayunple yupexxaeHus, BbICIINE y4eOHBbIC 3aBEICHUS, NMPOMBINUICHHBIC
NpEeANpUATHAS U KaXAbId aBTOp HAYYHOM CTaThH, UMEIOLIUI YYEHYIO CTEIICHb
JIOKTOpa WJIM KaHIUAaTa HAyK, MPEACTABISIIOT KCEPOKOIMUI0 WM CKaH-BEPCHIO
KBUTAHIIUU 0 TOAOBOIi moamucke Ha « Xumuueckuil xypHan Kazaxcranay. (Ilox-
nucHoll uHaekc B kartanore AO «Kasllouta» wiM B AONOJIHEHHMH K HEMY —
75 241). be3 3Toro 10KyMeHTa CTaThU HE IPUHUMAIOTCS.

Martepuaibl, He COOTBETCTBYIOIINE YKa3aHHBIM TPeOOBaHUSIM, BO3BPAIAOT-
cs Ha T0paboTKy.

Penrenne o myOuuKkanuu cTaThil MPUHUMAET pellaKMOHHas Koyuterus JKyp-
Haua,

DJNeKTpOHHAsT BEPCHUsl TPEJCTABISETCS Ha HJICKTPOHHOM HOCUTENe JO0
OTTIPABIISETCS o DIEKTPOHHON mouTe: (ics_rk@mail.ru,
lena.yanevskaya47@mail.ru).

JlaToii mpuHATHS K IeYaTH CYUTAETCS JaTa MOCTYIUICHUS BEPCHH, yIOBIET-
Bopstomelt BceM TpeboBanusam JKypHana. OdepeHOCTh MyOIMKaIuy yYCTaHABIIH-
BAETCs 10 JaTe MPUHATHS CTAThH K IICYaTH.

Peoakyuonnan xonnecus Kypnana

Penakrop H. @. @edocenko
Bepctka Ha xommbroTepe [. H. Kankabekosoil

INoanucano B nedats 25.09.2018.
®opmat 70x100 '/16. 17,9 m.1. Bymara odcernas. Tupax 500.
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