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Hugpopmayuonnoe cooouienue

24 mas 2018 roga B AO "HUuCcTHTYT XMMHYecknX Hayk uM. A.b.bektyposa"
coctosics cemuHap "Vcrnonb3oBaHME NMpaB Ha OOBEKTHI MPOMBIIIIEHHONW €OO-
CTBEHHOCTH M KOMMEpUHAJIM3alMs pe3yJbTaTOB HHTEIJIEKTYaJIbHON Jed-
tenpHOCTH (PUJT)".

Ha cemunape o6cy>xaanich Takue BOIPOCHI, KaK JUIIEH3NOHHBIC JOTOBOPa U
KOMMep4ecKoe nucnonb3zoBanue PUJ[ B COBpEMEHHBIX SKOHOMHYECKHUX YCIOBUSIX.
[lepesiit Bonpoc moapoduno oceetmnn Pexypun Brnagumup llerpoBud, rmaBHBIN
9KCHEPT YNpPAaBICHUS NMATCHTHBIX HCCIEIOBAaHUN 1O M300pEeTEHMSAM, & BTOPOU —
Kypmanranmu bymar CepuxoBuu, mnpe3nsieHT ACOIMALMK BJIaJENblIEB HHTEIN-
JIEKTyalTbHOW COOCTBEHHOCTH.

B.Il.®enypun u b.C.Kypmanrann B cBOMX COOOIIEHHSX MPUBEIH MHOTO
KOHKPETHBIX MPUMEPOB M3 MHOTOJIETHEH MPaKTUYECKOW pabOThl M OTBETHJIM Ha
Bomnpocsl coTpynHuKoB AO "MHCcTUTYT XuMudecknx Hayk uM. A.b.bektyposa', a
takoke npencraBureneir AO "HMHctutyr Meramnmyprum u oboramenus’ u AO
"MHCTUTYT OpraHNYeckoro katanusa u anekTpoxumuu uM. J[.B.Cokonbckoro".

JaHHBIl ceMuHap He NEpBBIM B paMKax coTpyaHuyecTBa IHcTtHTyTa
XMMUYECKUX HayK W Yd4eOHoro nenrpa AnmatuHckoro ¢unmana MHcTHTyTa
MHTEJUIEKTyalbHOM coOcTBeHHOCTH. Ha mpoTspkeHuu MHOrux jer WHCTHTYT
xummudecknx Hayk u pumman HUWC mommepXuBaioT AENOBBIE CBS3W, HAIpPaB-
JICHHBIC Ha TOBBILICHHWE KBaJU(HUKALUK HAyYHBIX COTPYAHUKOB B O0JIACTH HH-
TEJIEKTyalbHOH COOCTBEHHOCTH.
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ECOLOGY OF OIL AND OIL SORBENTS

Abstract. The article contains materials on oil-sorbents and their application. Me-
thods of liquidation of spills and accidents of oil and oil products on soil and water sur-
face are shown.

Keywords: oil, sorbents, ecology, chemical composition, water, soil, peat, cellulose

1.1. Oil, its composition and properties. The chemical nature and compo-
sition of petroleum, petroleum fractions and residues predetermines the entire
complex of their physicochemical properties and the colloid-dispersed structure of
petroleum systems.

According to the theory of oil formation as a result of long transformations
of organic residues, the main part of the oil is made up of hydrocarbons of dif-
ferent structures. However, the oil that coming out to the surface carries with it
associated gas, water and mechanical particles of sand, rock, etc. The number of
these components for different oilfields is different. These components are
insoluble, oleophobic and form a disperse system that undergoes separation. But
even after the separation of insoluble components, according to the chemical
nature of the oil itself, it is not a molecular solution, or a Newtonian fluid. The
presence of heteroatom compounds in the oil, as well as high-molecular com-
pounds, most of which contain sulfur, nitrogen, oxygen and metals, impart oil, oil
fractions and residues to the specific properties inherent to colloidal and disperse
systems. Depending on the particle size of the dispersed phase, such systems can
be either ultraheterogeneous (particle size from 1 to 100 nm) or coarsely disper-
sed (particle size> 10 nm).

The hydrocarbons and other compounds contained in the oil in one degree or
another interact with each other. Physical intermolecular interactions are deter-
mined both by the nature and structure of the compounds, and by external con-
ditions [1-3].

1.1.2. Element composition. Oil is a mixture of a very large number of che-
mical compounds based on hydrocarbons formed from the initial organic matter
as a result of prolonged interaction with the environment under the influence of
many factors.

Oil is an oily liquid, the complete chemical composition of which is virtually
impossible to determine with modern instrumental methods.

The main chemical elements that make up the oil are carbon, hydrogen,
sulfur, nitrogen and oxygen. Carbon and hydrogen are contained in various oils in
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the amount of 82-87% and 11-14%, respectively. They are an integral part of all
chemical compounds of oil. Among minerals (excluding petroleum gas), oil has
the highest calorific value, since it contains the greatest amount of hydrogen. In
connection with this, the combustible properties of oil are usually characterized
by the ratio of the quantities of hydrogen and carbon (H: C) in%. Sulfur is a part
of heteroatomic compounds. The sulfur content of oil is divided into three classes:
in low sulfuric oils, it is up to 0.5%, in sulphurous oils - from 0.51 to 2,0% and in
high sulfur - from 2.01%. Nitrogen and oxygen in oil-up to 1,8 and 3,0%,
respectively. In oil ash, about 6 metals are found, of which the most common are
V, Ni, Te, Zn, Cu, Mg, Al [4, 5].

1.1.3. Group chemical and fractional composition. The composition of oil
includes the following groups of compounds: hydrocarbons, heteroatom com-
pounds, resins and asphaltenes. Hydrocarbons of natural oils are represented by
three groups-alkanes, cycloalkanes and arenes. The heteroatomic compounds
include sulfur-, nitrogen-, oxygen- and metal-containing compounds. Resins and
asphaltenes are not a characteristic group of chemical compounds. Heteroatomic
compounds are chemical compounds based on hydrocarbons of any group
containing one or more different atoms of chemical elements of sulfur, nitrogen,
oxygen, chlorine and metals. Heteroatomic oil compounds have a significant im-
pact on the level of environmental pollution. Oil and petroleum products are a
complex mixture of hydrocarbons and non-hydrocarbon compounds. Parts are
called fractions. The main fractions released from oil at the industrial plant are the
following: petrol, kerosene, diesel and the remainder of oil distillation - fuel oil
[6].

1.2. Sources of oil pollution and the impact of oil production, transpor-
tation and refining on the environment. Among the numerous harmful sub-
stances of anthropogenic origin that enter the environment (air, water, soil,
vegetation, etc.), one of the first places belong to petroleum products. The work of
vehicles and oil refineries and petrochemical industry, gaseous emissions and
sewage of industrial enterprises, numerous oil and oil products spills as a result of
accidents of pipelines and oil tankers (tankers), accidents and fires at oil storage
facilities and oil refineries lead to pollution of air, water and soil with significant
amounts of crude oil and products of its processing and create a serious threat to
the environment [7].

Anthropogenic pollution of the biosphere, caused by human economic
activity, has a negative impact on the state of water, soil, atmospheric air, rene-
wable natural resources.

Oil and its products are one of the most common ecotoxicants. Technogenic
pollution appears at all levels - from local to global and poses a serious threat. Oil
pollution differs from other anthropogenic influences in that it gives not a
constant, but a "volley" load on the environment, causing its rapid response. By
the nature of the occurrence of pollution are divided into natural and anthro-
pogenic (figure 1). The main mass of pollution of the World Ocean (about 95%)
are sources of anthropogenic origin [8].

12
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Sources of oil supply to the marine environment

| |

Anthropogenic Natural

‘ Ground ‘ ‘ Atmospheric ‘ ‘ Natural sources ‘

‘ Marine ‘ Pipelines Offshore Transport Industrial Qil yield on Erosion
drilling enterprises the sea floor processes
Common Catastrophe
shipping

Figure 1 — Sources of pollution

Toxication is very resistant and extends over long distances. Pollution occurs
during the extraction, transportation and refining of oil.

The main natural sources of oil pollution of the marine environment are the
release of oil at the seabed, and less significant sources are erosion processes. To
the most important anthropogenic sources of oil pollution includes:

— marine - marine transport, warships, vessels for various purposes, pipe-
lines, installations and devices used in the development of seabed and subsoil
resources;

— ground - rivers, lakes and other water systems, where pollutants enter with
groundwater, and also as a result of wastewater discharge from various coastal
objects;

— atmospheric - various industrial enterprises, vehicles and other objects
from where emissions of hydrocarbon compounds to the atmosphere can occur
[9].

There are several groups of sources of pollution of the World Ocean, the
classification of which is shown in figure 1.

Oil and gas deposits are in most cases located at a considerable distance from
oil and gas refineries. Due to the high fire and explosion hazard during the trans-
portation of oil, and especially natural gas, there are increased requirements for
ensuring high integrity, reliability, and fire safety of vehicles.

One of the most economical and technically modern modes of transport oil
and gas is the sea and river oil-loading fleet. In the 1970s and 1980s, large-ton-
nage tankers were put into operation with a carrying capacity of 100-250 thou-
sand tons and giant supertankers - up to 750 thousand tons. A fleet of gas tankers
for ocean and sea transport was also created.

On land, oil and gas transportation through pipelines is the most economical.
The share of pumping oil and gas through pipelines in our country reaches 85%.
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For transportation of oil to areas remote from pipeline magistrates, railroad
transport with special oil tankers [10] are used. When transporting is conducted
by these methods above, unforeseen accidents and spills on ground and water
occur.

1.2.1. Water. The ingress of oil and its components into the environment (air,
water and soil) causes a change in the physical, chemical and biological properties
and characteristics of the natural habitat, disrupts the course of natural bio-
chemical processes. In the process of the transformation of oil hydrocarbons, even
more toxic compounds can be formed than the original ones, which have carci-
nogenic and mutagenic properties and are resistant to microbiological cleavage.

Any of the classes of petroleum products can become a harmful impurity that
pollutes the water. In small concentrations, oil contamination can affect the taste
and smell of water, and with large concentrations, they form giant oil spills and
cause environmental disasters. The last one occurs during oil spills (for example,
in the case of tanker accidents at sea or in oil pipeline breaks) or when large quan-
tities of oil or petrochemical waste streams enter surface and ground water.

Contamination of the world's oceans with oil and oil products is the most
vivid example of global anthropogenic impact. Currently in the World Ocean
there is practically no such area where oil contamination would not be felt. Back-
ground levels of petroleum hydrocarbons in the marine environment vary within
very wide limits: 10-5-10 mg/l in water and 10-1-104 mg/kg in bottom sediments,
depending on many natural and technogenic factors. Maximum concentrations
tend to coastal and inland sea waters, zones of intensive navigation and other
economic activities, as well as to areas of hydrocarbons escape from deposits on
the shelf.

The problem of oil products pollution is very acute in the Northern Caspian,
as a systematic accumulation of a large mass of oil spots is observed in its water
area due to imperfect systems and equipment of the oil production complex, as
well as an increase in the volumes of crude oil and oil products transportation by
tankers. Significant amounts of oil fall into the sea in the event of a ship accident,
especially oil-loading [11].

1.2.2. Soil. Sources of soil pollution with petroleum products are the same as
in the case of water and air. The main ones are oil and oil products spills, waste-
water and emissions from oil refineries and petrochemical enterprises, as well as
harmful waste from chemical enterprises that accumulate in landfills.

In soils, Oil and Petroleum products are in the following forms:

— in a porous medium - in a vaporous and liquid easy-moving state, in a free
or dissolved aqueous or water-emulsion phase;

— in a porous medium and cracks - in a free motionless state, playing the role
of viscous or solid cement between particles and aggregates of the soil, in a sor-
bed state associated with particles of rock or soil, including humus constituents of
soils;

— in the surface layer of soil or soil in the form of a dense organomineral
mass;

14



ISSN 1813-1107 Ne2 2018

Both free and inactive sedimentary forms of oil products release volatile
fractions to the atmosphere, and soluble compounds into water. This process does
not completely stop with time, since the microbiological processes of hydrocar-
bon transformation lead in partto the formation of volatile and water-soluble
products of their metabolism [12].

1.2.3. Analysis of petroleum products in water. Qualitative and quantitative
determination of the composition of contaminant sinse wage isnecessary not only
for the selection of the technology for their purification, but also for compliance
with the norms for dischargingtreate dsewage into water bodies.

It should be recalled that existing standards for the maximumallowable
concentration of petroleum products in water in reservoirsaresetat 0.1 mg/l
formulti-sulfuroil, 0.3 mg/l forothertypesofoil, 0.1 mg/l forgasoline, tractor
(GOST 1843-52) 0.01 ml/1, lighting (GOST 24753-68) 0.05 mg/1, sulfatedwith 0.1
mg/l. The limitingindicatoroftheharmfulnessofalloil products is organoleptic.

Due to the fact that oil and petroleum products are an extremely complex
mixture of substances - low- and high-molecular, limiting, unsaturated, aliphatic,
naphthenic, aromatic hydrocarbons, oxygen-, sulfur- and nitrogen-containing
compounds, asphaltenes and other compounds - In the analysis of waters, "oil
products" are considered to be the sum of nonpolar and low-polar hydrocarbons -
aliphatic, alicyclic, aromatic, which make up the bulk of oil and are soluble in
hexane. Accordingly, methods for determining petroleum products in wastewater
should include the concentration and recovery of petroleum products, the sepa-
ration of the hydrocarbon part from foreign matter and the quantitative analysis of
the released substances.

There is a significant amount of specialized literature on sampling methods
and analytical methods for determining petroleum products in water. Also there
are presented the most widely used methods used in the USSR and abroad mainly
for routine analysis.

In our country, depending on the equipment of sanitary laboratories for the
determination of petroleum products in effluents, the gravimetric method, IR and
UV spectrophotometric, and also gas chromatographic, are used, which, as noted
in [13], "give the same exact results if all conditions are met correctly and
(GC-MS), the method of high-performance gas chromatography (HPLC), etc. (see
/16, 19-21 (and references therefrom). Nevertheless, when choosing the method
for the quantitative determination of petroleum products in waste water, the main
requirements are sensitivity and the possibility of wide application in practice. To
determine the level of MPC, gravimetric, spectrophotometric (in the IR and UV
regions of the spectrum), luminescent and gas chromatographic methods are used.
Gas chromatography methods are useful for determining the qualitative and
quantitative composition of petroleum products, but their sensitivity largely de-
pends on the type of instrument. When determining the total content, which is
stipulated by hygienic standards, gravimetric and optical methods are more con-
venient, having sufficient sensitivity and expressiveness, the most universal
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method of infrared spectroscopy, taking into account aliphatic and naphthenic
hydrocarbons, the content of which in oil reaches 70-90 % [13, 14].

1.3. Elimination methods of spills and accidents of oil and oil products
on soil and water surfaces. Methods of removing oil products from the water
surface and soil, which are divided into four large groups:

— mechanical methods, carried out with the help of various constructions and
devices for collecting oil;

— physicochemical methods based on the use of physical and chemical
phenomena;

— biological methods, carried out with the help of microbiological cultures;

— photochemical, passing under the influence of sunlight and catalysts [15].

For the elimination of the consequences of a spill of oil and oil products,
mainly mechanical and sorption methods are used. However, when the thickness
of the oil layer is less than 1-2 mm, and also with a small depth of the reservoir,
the use of mechanical methods becomes impossible. In such conditions, special
oil absorbing materials are most effective. The qualitative removal of oil contami-
nation does not occur without the use of various kinds of sorbents [16].

Currently, the most acute problem is the removal of spilled petroleum pro-
ducts from the water surface. The simplest methods to combat the contamination
of the water surface by petroleum products include the way that the spill is
localized with the help of booms. The designs and methods of implementing the
oil spill (containment) can be very diverse.

1.4. Classification of petroleum sorbents. Classification of oil sorbents
[17, 18] by raw materials, table 1; by dispersion, table 2.

Table 1 — Classification of petroleum sorbents by raw materials

Inorganic sorbents Organic sorbents
Natural raw materials
Natural Synthetic Caustobioliths | vegetable and animal | Organo- Synthetic
materials materials origin and wastes mineral

of their processing

Disperse

silica Perlite Coal Cereal husks Slates Polypropylene
Zeolites |Expanded clay Graphite Moss, foliage Sapropel | Polyurethane
Lgyered SilicaGel Peat Bark, sawdust Oilsludge Teflon
silicates
Table 2 — Classification of oil sorbents by dispersion
Dispersed Molded
Finely Large- Fibrous | Pressed Combined
dispersed dispersed
Crumbs Woven and Sorbing booms
Powders Granule non-woven | Plates Pillows
Flakes roll materials Mats with a shell of permeable material
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1.4.1. Inorganic sorbents. 1.4.1.1. Carbon sorbents. The history of the use
of sorbents is associated with microporous carbon materials - active coals.

Active coals are porous solids, the voids of which are interconnected so that
their structure resembles the structure of the wood. Depending on the formation
conditions, all active carbons have a mono- or polydisperse system. They consist
of many randomly arranged microcrystals of graphite formed as a result of a
combination of carbon atoms when the carbon-containing raw material is heated.
The dimensions of these crystals are 1.8-2.6 nm in diameter and 0.7-1 nm in
height.

The ability of charcoal to decolorize solutions is known from the XV cen-
tury, but only in 1785. T.E. Lovitz took advantage of this property for practical
purposes - sorption purification of liquids.

At present, granular and powdered coals, as well as carbon fibers, are used
for the sorption of aqueous solutions.

Granulated active carbons have a particle size of 0.07—7 mm. Depending on
the size of the pores, they can be successfully used to extract contaminants from
the water with a different size of molecules, coarse dispersed impurities and
mixtures of polydisperse composition (domestic sewage).

Carbon sorbents with a particle size of 0.07-0.12 mm are classified as pow-
dered active carbons. The main advantages of active coals include their low cost
and good sorption kinetics, and a considerable area of the outer surface [19].

Currently, the main directions of the use of carbon sorbents are related to
technological processes of adsorption purification, separation, isolation and con-
centration in gas and liquid media. The role of carbon sorbents in the solution of
environmental problems is constantly growing: purification of drinking water, oil
effluents, exhaust gases of industrial and energy enterprises.

Porous carbon materials were first obtained predominantly by thermal treat-
ment of wood, then by coal. Now they are produced almost from all types of car-
bon-containing raw materials: wood and cellulose, stone and brown coals, peat,
oil and coal pitches, synthetic polymeric materials, liquid and gaseous hydrocar-
bons, various organic waste. The modern world production of porous carbon ma-
terials (PCM) approximates to one million tons per year. Carbon sorbents are used
in various forms: in the form of a powder with a particle size of up to 0.8 mm,
granules of a larger size, blocks of various shapes and sizes, films, fibers of tis-
sues. The most common ones are powdery sorbents, which are easy to obtain
from crushed raw materials. Porous carbon materials are formed as a result of
topochemical reactions during pyrolysis (heating in the absence of air oxygen) of
fossil coals, peat, wood, cellulose, carbides. At present, about 36% of carbon
sorbents are produced from wood, of coals - 28, of brown coals - 14, of peat - 10,
of coconut shells - about 10% [20].

The use of graphite as an oil sorbent is very relevant and has a practical fu-
ture. Penograft is a well-studied material used in industry and engineering.

It is obtained by very rapid heating (thermal shock) of interstitial compounds
in graphite (CSG) of various nature. In mass production, interstitial compounds
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are used with sulfuric and nitric acids, which are obtained by chemical or electro-
chemical oxidation of natural graphite powder. After the thermal shock, a product
consisting of worm-like carbon particles is formed, the so-called peculiar "black
snow". The results of the studies show that the total sorption capacity of STRP
and UWRM, depending on the viscosity and on the time of sorption, is 50-60 g of
oil per gram of sorbent, then as for commercial sorbents, this value ranges from 3
to 20 g/g [21].

1.4.1.2. Non-carbon sorbents. There is a method for producing a composite
cryogel absorbent based on polyvinyl alcohol containing dispersed filler - iron-
containing precipitate, isolated at the water intake of Akademgorodok (Tomsk).
The sorption properties of the cryogelabsorbant with respect to oil and phenol in
the purification of water are investigated. It has been established that cryogel-
sorbent possesses the highest phenol-and oil-absorbing capacity on the basis of
iron-containing precipitate heat-treated at 250 °C. The degree of water purifi-
cation in single-stage treatment was 89.5 and 93.5% for oil and phenol, respec-
tively [22].

1.4.1.3. Other natural materials and sorbents on their basis. In connection
with the increase in pollution of water basins, the urgency of creating highly ef-
ficient sorbents for the removal of oil products (oil and its derivatives) from their
surfaces during pollution increases. These sorbents (oil sorbents) must be suffi-
ciently oil-intensive (hydrocarbons absorbability is not less than their own
weight), hydrophobic with respect to water and hydrophilic with respect to pet-
roleum products, such as Sorbohole, etc. There are many varieties of oil sorbents
from highly porous vegetable materials (peat, sawdust), mineral and artificial
origin. These oil adsorbents do not sink, but float on the surface for a long time
after absorbing oil products. At the same time, it is recognized that in most situa-
tions (fire-danger, excitement, proximity of the coast, lack of special means of
collection), it would be advisable to have sorbents drowning after absorbing oil.
In this regard, diatomites are natural powder-like nanostructured materials-sili-
ceous rocks consisting of microscopic shells of plankton, 1-5 microns in size with
a wall thickness of 50-100 nm of amorphous silicon oxide aggregated in soto-like
structures are perspective. Specific high pore volume causes a low specific gra-
vity of dry diatomite - Picu = 0.4-0.6 g/cm”.

Natural diatomite is equally hydrophilic to both water and hydrocarbons,
which does not allow its use in collecting petroleum products from water and wet
surfaces. The authors worked out several methods for hydrophobizing diatomite
by creating hydrophobic films on the particles with a thickness of about 5-10 nm
(estimated evaluation) and obtaining from it an oil sorbent called "Diasorb". The
first is to apply a hydrophobizing layer from the vapor of the "high boiling" hyd-
rocarbon to a cold diatomite powder, mixed in a steam-air stream. Hydropho-
bization of diatomite is achieved by condensation on it of the order of (3-5)%
(weight) hydrophobes. Even loose agglomerates of particles with a size of up to
5 mm are hydrophobic. The second method consists in impregnating diatomite (1-
2) with a solution of a high-boiling hydrocarbon in a low-boiling hydrocarbon,
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followed by evaporation of the low-boiling solvent. The advantage of the first
method is the relative cheapness for industrial implementation. The second is the
possibility of organizing an efficient (due to the microsize of particles) process of
demulsification of oil emulsions with the organization of closed component
cycling [23].

1.4.2. Cellulose-containing sorbents. Lignine. Lignin (from latin "lignum" a
tree, wood) - the natural polymer which is a part of almost all land plants. Content
of lignin in wood of coniferous and deciduous breeds, respectively, is 23—38 and
14-25% on weight. Lignin is located in cellular walls and intercellular space of
plants and fastens cellulose fibers. Lignin — amorphous substance from light-
cream till dark brown color with a molecular weight from 1 to 150 thousand, with
a density of 12501450 kg/m’.

From vegetable fabrics lignin can be emitted in many ways, for example
hydrolysis in the presence of mineral acids (chamois).Hydrolytic lignin has the
following elementary structure, masses. %:

Carbon — 63,5-65;

Hydrogen — 5,4-5,9;

Oxygen —29,1-30,1.

In industrial scale lignin is received in the course of cellulose and hydrolytic
timber-chemical production. The lignins emitted in various ways distinguish on
structure and properties as from a product in a native form (protolignin), and from
each other.

Lignin — irregular polymer. His branched macromolecules are constructed
mainly of the remains of the replaced phenol alcohols:

I — 3-methoxyhydroxycoric, or coniferyl;

II - 3,5-dimethoxy-4-hydroxycinnamic, or synapic;

III — n-hydroxycinnamic, or p-coumaric.

Lignin of wood of coniferous breeds includes, generally the remains of
alcohol I, deciduous breeds - I and II alcohols, grassy plants and some tree species
(aspen) - alcohol III.

Large-tonnage waste of bark of a larch can be bricketed without use of the
binding and increased temperatures. The coal-raw received from briquettes has
the sufficient mechanical durability and other properties allowing to use it in
various productions, replacing the charcoal produced from birch stem wood.
Sorption properties of the received active coals on iodine and methylene blue are
at the level of 67-75% and 265 mg/g respectively that above requirements of the
standard, BAU-A and OU-A shown to active coals of industrial brands [24].

Lignin easily is exposed to chlorination, nitridation and oxidation, when
processing by acids - to hydrolysis. Development of new types of sorbents is
based on these properties of lignin. Hydrolytic lignin absorbs 1,5 kg of oil on sor-
bent kg. The oil capacity of lignin can be increased by processing of the hydro-
lyzed lignin by solution of the caustic soda or ammoniac water.

1.4.3. Sorbents based on peat. Destruction of oil in the soil is a difficult
physical and chemical and biochemical process which orientation and speed
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depend on a complex of direct and indirect factors. The climate, properties and
the modes of soils, seasonal activity of microflora, humidity, concentration and
fractional composition of oil in the soil concern them. The leading role at recul-
tivation is played by biological factors. One of important conditions of biological
clarification of the soil from oil is degree of functional activity of soil microflora.

Industrial territories of cold regions are characterized by high extent of oil
pollution against the background of extremely adverse soil climatic conditions.

Recently much attention is paid to development of ways of biological recul-
tivation of the petropolluted soils which cornerstone activation of processes of
microbiological destruction of oil in the soil is. One of perspective solutions of
removal of oil from a surface of the water is use of the sorption and biosorption
technologies providing use of the special petroabsorbing materials. The peat pro-
cessing products used for mitigation of consequences of oil pollution must meet
the following requirements: high operational characteristics, rather simple
technology of receiving and existence of necessary raw material resources, low
cost, biospheric compatibility, i.e. application and utilization of the fulfilled ma-
terials shouldn't lead to repeated environmental pollution. There searches conduc-
ted by us have shown that sufficiently peat has universality of the properties
meeting the above-mentioned requirements. Peat owing to the structure and
existence of hydrocarbon-oxidizing microflora (HOM) can serve both as a sorbent
of oil hydrocarbons, and their destructor. HOM number in peat by 4-5 times ex-
ceeds a similar indicator for soils. Besides, microorganisms of peat aren't anta-
gonists of soil microorganisms.

Peat, owing to the structure and to existence of hydrocarbon-oxidizing
microflora (HOM), can serve both as a sorbent of oil hydrocarbons, and their
destructor. Sorption capacity of peat in relation to oil depends on extent of
decomposition and for riding peat is 8-10, for low-lying — 2-4 g of 0il/1 of air and
dry peat.

For receiving a peat sorbent, it is recommended to use the riding peat of
moss group of low extent of decomposition (5-10%) having the high porosity
which was more developed by cellular structure and, respectively, higher sorption
ability in relation to oil hydrocarbons. For giving to a sorbent of hydrophobic
properties it is modified by, for example, drying at 100-120 °C.

The peat sorbent prepared from riding peat possesses the following
characteristics: sorption capacity in relation to oil - 8-10 g of oil/g of a sorbent;
saturation time sorbent oil up to the extreme size - 5-10 min.; selectivity in
relation to oil in system oil - water - 90-95%; the preservation of oil in volume of
a sorbent excluding her spontaneous drain isn't limited on time; buoyancy - more
than 30 days.

Utilization of a sorbent is possible in road construction and at production of
fuel briquettes [25].

1.4.4. Sorbents based on raw materials of vegetable origin. One of per-
spective decisions in the field of purification of the petropolluted waters is use of
technologies with use as the sorption materials (SM) of vegetable waste. The
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efficiency of the last is defined, mainly, by their capacity in relation to NP, water
repellency degree, buoyancy after sorption and a possibility of a desorption of oil
product, regeneration or utilization of a sorbent [26].

By production of sorbents for absorption of oil and oil products as raw
materials it is possible to use both pod of buckwheat and sunflower, and a peel of
oats and rice, both a cane chaff, and a black shell of walnut, etc.

The petroabsorbing ability of vegetable waste is the main criterion which
should be considered by production of this or that type of a sorbent as the oil
capacity of the made sorbent on a straight line depends on initial oil capacity of
pure raw materials.

Due to the above as SM were studied the following waste of agriculture:
wheat peel (WP), barley (BY) and linen fire (LF).Interest in the called materials is
connected with a lot of tonnage and an available source of raw materials in the
Republic of Tatarstan. For determination of oil capacity of sorbents at a tempe-
rature of 200 of C the oil samples got in NGDU “Elkhovneft” of JSC “Tatneft”
were used.

Original lyphysicomechanical properties of waste were defined.

The oil capacity of the called sorption materials in static conditions was
defined. The obtained data are presented in table 2.It is noted that within fif-
teen minutes of engagement the oil capacity of WP reaches 4,12 g/g, and BY -
5,95 g/g. The oil capacity in the dynamic conditions determined by transmission
of a certain amount of oil through a layer of a sorbent, weighing 1 g, placed in a
glass column for WP and BY, didn't exceed the 5th g/g, for linen fires - 9,44 g/g.
In static conditions, the greatest values of oil capacity are received when using
linen fires. Existence in its structure of large amounts of cellulose (38-40%) while
for other SM, no more than 23% and lignin (23-24%) are caused, most likely, by
high value of required parameter in comparison with other studied waste [27].

Use of all these materials which are potential local raw materials for pro-
duction of sorbents allows to combine elimination of waste of agricultural pro-
duction with nature protection activity.

The petroabsorbing ability of vegetable waste is the main criterion which
should be considered by production of this or that type of a sorbent as the oil
capacity of the made sorbent on a straight line depends on initial oil capacity of
pure raw materials.

The petroabsorbing ability of vegetable raw materials, including rice peel
(after special processing) is from 6 to 10 kg.

One more of the major factors characterizing quality of sorbents is absorp-
tion of water by them.

Absorbing moisture in a varying degree vegetable sorbents increase the
weight therefore their buoyancy and also oil capacity as the part of pore space is
occupied by a water phase worsens.

The Kyzylorda region is widely known for the developed rice growing which
in turn is also a source of annual large-tonnage withdrawal — the rice peel
polluting the environment.
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Because a rice peel being silicone polymer of a phytogenesis, doesn't burn
and doesn't decay and owing to availability and low cost, it is an irreplaceable
source for receiving the biocompass necessary for biodegradation of oil products.

For receiving this compost we have in vitro made experiments according to
influence of a rice peel as filler of the polluted soil therefore have come to a con-
clusion that a rice peel creating airspace in the soil, promotes intensive oxidation
of oil products oxygen of air and their degradation and also experiments on
destruction of cellulose and lignin structure of a peel by means of soil acrobic and
anaerobic microorganisms were made.

For definition of a possibility of purification of the petropolluted waters and
soils by means of the rice peel (RP) we have studied her sorption characteristics
in dynamic conditions:

— the oil desorption degree characterizing return of oil to a production cycle
and a possibility of his repeated use;

— oil capacity;

— moisture absorption;

— buoyancy.

It is known that the sorption capacity of the studied materials depends on
viscosity of oil: if oil easy, low-viscous (for example, the viscosity is equal
3,27sst at 20 °C), the full sorption capacity of RP is equal 4,09, if oil — heavy,
high-viscosity (for example, the viscosity is equal to 186,5 sst), the full sorption
capacity of RP is equal to §,82.

By a mechanical extraction depending on type of oil and properties of a
sorbent it is possible to return from 60 to 95% of collected oil in a production
cycle: RP gives from 61,12 to 65,34% of oil. Regeneration is economically
inexpedient in the chemical ways since expense of large volume of reagents is
required, there is also a problem a further processing of the formed waste. In this
plan thermal processing of sorbents with the residual content of oil is of interest.

When determining a possibility of sewage treatment from oil and oil pro-
ducts of a research have shown that the efficiency of cleaning is depending on the
speed of transmission of the purified solution through a motionless layer of
adsorbent and from concentration of oil in the purified water.

The table 3 — Efficiency of Purification of Waters from oil products depending
on the speed of transmission and concentration of oil

Type of Extent of purification of waters (%) Extent of purification of waters (%)
a sorbent of oil products at speeds depending on concentration of oil
Sorbenton 6 ml/min 15 ml/min 32 ml/min 1,4 mg/l 27,6 mg/l | 60 mg/l
the basis of RP 99.4 99,3 97,7 0,04 0,2 0,8

Being a product of processing of waste of vegetable raw materials, on extent
of cleaning the sorbent based on RP provides high extent of purification of waters
of oil products. It should be noted one more advantage also: the sorbent contains
small amount of impurity, has high content of carbon therefore it is close on the
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structure to active coals, and the branched structure of dioxide of silicon gives
him durability and thermal stability [28].

1.4.5. Synthetic sorbents. Synthetic organic sorbents, thanks to the availa-
bility and production commercially, find more and more broad application for
collecting the poured oil. Besides, they often are production wastes. The open and
cellular structure and high oleophilicity of these materials provide efficiency of
their use as petroabsorbers. Application for these purposes of expanded polysty-
rene, polypropylene, phenol formaldehyde and carboamid of ormaldehyde pitch, a
rubber crumb, materials based on polyurethane foam, etc. is well known [29].

In recent years one of the most developing directions of a research is deve-
lopment and use the foamed polymeric of the sorbents microcontainers capable at
any weather conditions to make collecting oil and oil products from a surface of
the water. At the same time quiet, strict requirements are imposed to foamed
polymeric sorbents today: high speed of sorption and sorption capacity on oil and
oil products, long buoyancy, water repellency, ability to repeated regeneration,
simplicity of technology of collecting sorbents from a water surface and ecolo-
gically safe utilization of the fulfilled sorbents. An integrated approach to the
solution of this problem the foamed polymeric of sorbents at emergency oil spills
opens very perspective opportunities of use. There searches conducted for a row
of years in this direction, as a matter of fact, allow us to look a little differently at
a problem of development and selection the foamed polymeric of sorbents
considering not only their sorption capacity, but also the macrostructure, volume
weight (seeming to density), the chemical composition of a polymeric basis, type
of oil product, flood scale, etc.

Also, the rubber crumb is applied as a sorbent. Data are provided in table 4.

Table 4 — The Main technical characteristics of an oil sorbent on the basis of rubber powder

Indicators Value
Bulkweight 350-400 kg/m’
Oilcapacity, kg/kg 4-44
Time of full saturation, min. 5-10
Moisturecapacity 10£1%
Buoyancy Morethan 96 h.
Utilization Extraction, as a component in the rubber-bituminous
and asphalt concrete mixes

As sorbents use of rubbers in view of variety of their chemical and structural
structure and also their physical and chemical properties find more and more wide
circulation. As sorbents use rubbers with polar groups, for example nitrilacrylic,
methacrylic acids and rubbers without polar groups.

The representative of rubbers without polar groups is butadiene styrene
rubber. Received as withdrawal from production of rubber products, material
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based on this rubber represents a rubber crumb with sizes of 0,5-3 mm. His ab-
sorbing ability grows with reduction of the size of a crumb and with increase in
time of contact with film oil. Results of researches of these indicators are given in

figure 2.
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Figure 2 — Dependence of oil capacity of butadienestyrene rubber on time of contact
with film oil on a water surface for the size of fractions:
1-0,5-1mm;2—-1-2mm; 3 -2-3 mm; 4 —3-5mm

This sorbent can be reused after an extraction. Fractions of a rubber crumb
from 0,63 to 2,5 mm in size have the greatest absorbing ability. Application of a
shallow crumb, namely less than 0,63 mm, leads to formation of gel weight that
considerably complicates her collecting from a reservoir surface. Besides, the fine
crumb has very small weight, and even at small wind at sieving bears her that also
complicates her use. In view of the above-mentioned reasons the recommended
fraction of the rubber crumb used as a sorbent is fraction from 0,63 to 1,5 mm. As
a result of oil sorption the sorbent is agglomerated in large agglomerates up to se-
veral kilograms which remain on a surface of the water at any her state within
several days and easily gather mechanically, without leaving marks even in the
form of thin oil films. Rubber powder after collecting oil can be used as filler for
a paving. In world practice a significant amount of a rubber crumb is applied in
the mixes used at construction of paving (bituminous rubber BITREK mix).The
share of mass of rubber powder in bituminous and rubber knitting in paving can
make up to 10%.At the same time physic-mechanical characteristics of all
covering (the increased crack resistance and the module of elasticity, increases by
20+30% frost resistance coefficient) significantly improve that affects positively a
resource (service life of a covering of roads increases by 1,5+2 times).

In all actions connected with removal of pollution from waters of different
function it is necessary to proceed from the main principle: not to do to an eco-
system bigger harm, than that which is already put at pollution. One of the main
problems of sorption purification of waters is the problem of further utilization of
the fulfilled sorbents. The important moment is the solution of the questions
connected with utilization of the fulfilled polymeric sorbents after repeated
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sorption. In our opinion one of effective methods of their utilization is burning in
the furnace at rather high temperature over 1273 To at which to zero formation of
toxic products during thermal decomposition of a polymeric sorbent practically
comes down. Based on the above it is possible to come to conclusion about what
in relation to conditions of emergency situations, the received results of resear-
ches have not only scientific, but also important applied value. It is established
that one of the main advantages the foamed polymeric sorbents their high sorption
capacity on oil products, buoyancy and ability to repeated regeneration is. Beco-
mes obvious that the choice of sorbents for cleaning of a surface of the water of
oil and oil products must be comprehensively reasonable at which has to be
considered not only their sorption capacity, but also oil product type, scale of an
emergency flood, thickness of an oil layer on a surface of the water, a macro-
structure and morphological features of a sorbent. The same sorbent can't be
“panacea from all troubles”, i.e. at the same time to be effective for sorption of
various types of oil products. Probably time to speak about a set of polymeric
sorbents and selective approach to their use has come for a long time. So, for
example, it is established that for cleaning of a surface of the water of oil and fuel
oil it is necessary to use sorbents based on foam polyolefins with a volume weight
of 80-170 kg/m’, and for cleaning of diesel fuel sorbents with a volume weight of
500-600 kg/m’. And, not only foam polyolefins, but also other polymeric mate-
rials and their mixes, in relation to these or those conditions, can become highly
effective supersorbents for collecting oil and oil products [30-32].

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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OKOJIOT'MA HEOGTU U HEOTECOPBEHTHI

HW3moxeHsl Marepuansl 0 HeTecopOeHTaX W UX MpUMEHEeHWH. [T0Ka3aHbl METOJIbI
JIMKBUIAIAY Pa3JIMBOB M aBapvii HEPTH U He(PTEMPOIYKTOB Ha MOYBE W BOIHOU MOBEPX-
HOCTH.

KuaroueBbie ciioBa: HeTh, COPOCHTBI, YKOJIOTHS, XUMHUIESCKHIA COCTaB, BOJA, TI0YBA,
Topd, HEJUTI0I03a.
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MYHAW )XOHE MYHAM COPEEHTTEPI DKOJIOTUSChI

Maxkamaga MyHail copOeHTTepi >koHEe oJapApl KOJNJaHy Typasiel marepuangap Oe-
pinren. Tombipak *xoHe cy OeTiHaeri MyHaii MeH MyHail eHIMIEpIiHiH TOrilyiH )KoHEe aBa-
PHSICBIH JKOFO diCTEPi KOPCETIITEH.

Tyiiin ce3mep: MyHail, cCOpOCHTTEp, SKONOTHS, XUMILUIBIK KYPaMbl, Cy, TOIBIpaK,
HIBIMTE3€K, LEeIUII0II03a.
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SELECTIVE MONOALKYLATION
AND DITHIOCARBONYLATION OF ETHYLENEDIAMINE

Abstract. Selective monoalkylation and one-pot monoalkylation-dithiocarbonylation
reactions of ethylenediamine were carried out in good and high yields (60-78%). The
structures of the obtaining products — N-alkylethane-1,2-diamines and sodium 2-(alkyl-
amino)ethyl dithiocarbamates were confirmed by IR, "H NMR and "*C spectra.

Key words: ethylenediamine, alkylation, alkyl bromide, dithiocarbonylation, sodium
2- (alkylamino)ethylcarbamodithioates.

Introduction. Before we in [1, 2] have got excellent results with sodium
N-(3-phenylprop-2-yn-1-yl)-N-butyldithiocarbamate (AN-16) as rooting accelera-
tor on cuttings of blackcurrant, exceeding over 10 % results obtained with the
help of a known rooting agent - indolylacetic acid (IAA) [3]. At the same time, its
working concentration was as10 times lower as than the working concentration of
IAA. This compound proved highly effective in stimulating the laying of gene-
rative buds of fruit trees, which makes it promising for use in innovative techno-
logies for producing fast-growing seedlings [4], and it is also of practical interest
in the cultivation of wild medicinal plants, for example, Serratula coronata,
increasing threefold the germination of seeds [5].

In this regard, the search of highly effective plant growth regulators among
the new sodium dithiocarbamates of alkylated diamines can be fruitful.

EXPERIMENTAL PART

The spectra of NMR were recorded on a JNN-ECA 400 spectrometer from
Jeol (Japan). The working frequency of the spectrometer is 400 MHz on the 'H
and 100 MHz on "°C nuclear cores, respectively. The survey was carried out at
room temperature in a solvent of DMSO. Chemical shifts are measured relative to
signals of residual protons or carbon atoms of a deuterated solvent.

The melting points of the obtained substances were determined on a Boetius
heating table. The IR spectra are recorded on a Nicolet 5700 spectrometer in KBr
tablets. The course of the reaction and the purity of the products were monitored
by thin-layer chromatography on plates of "Silufol UV-254", eluent - benzene:
ethanol, 1:3 with the appearance of spots of substances with iodine vapor.

N-butylethane-1,2-diamine 1. A 3-necked flask equipped with a mechanical
stirrer, reflux condenser and dropping funnel was charged with 5 ml (0.075 mol)
of ethylenediamine, 20 ml of ethanol and 7.3 g (0.074 mol) of acetate potassium
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were added. At a temperature of 50 °C 7.9 ml (0.075 mol) of freshly distilled
butyl bromide in 10 ml of ethanol was added dropwise over a period of 30 mi-
nutes. The reaction was monitored by thin layer chromatography. After a two-day
stirring, TLC showed the completion of the reaction to the disappearance of the
octyl bromide and ethylenediamine spots. After removal of the precipitate and
ethanol, an oily substance was obtained. As a result, 5.7 g (a yield 66%) of
N-butylethane-1,2-diamine 1 was obtained.

N-octylethane-1,2-diamine 2. A 3-necked flask equipped with a mechanical
stirrer, reflux condenser and dropping funnel was charged with 5 ml (0.075 mol)
of ethylenediamine, solute in 20 ml of ethanol and 7.3 g (0.074 mol) of potassium
acetate. At a temperature of 50 °C, 16 ml (0.09 mole) of freshly distilled octyl
bromide solute in 20 ml of ethanol was added dropwise to the reaction flask over
a period of 30 minutes. The reaction was monitored by thin layer chromato-
graphy. After a two-day stirring, TLC showed the completion of the reaction to
the disappearance of the octyl bromide and ethylenediamine spots. After removal
of the precipitate and ethanol, an oily substance was obtained. As a result, 10.1 g
of N-octylethane-1,2-diamine 2 was obtained in a yield of 78%.

Sodium 2-(heptylamino)ethyl-dithiocarbamate 3. 10 ml (0.15 mol) of
ethylenediamine solute in 20 ml of ethanol were introduced into a three-necked
flask equipped with a mechanical stirrer, reflux condenser and dropping funnel.
12 ml (0.076 mole) of heptyl bromide was added dropwise to the reaction flask
within 30 minutes. At a temperature of 50-60 °C the reaction mixture was stirred
for 4 hours. The reaction was monitored by thin layer chromatography (silufol,
eluent benzene: alcohol, 1:3). After the disappearance of the spots of heptyl
bromide and ethylenediamine, the reaction temperature was lowered to -5 °C.
3.27 g (0.082 mol) of sodium hydroxide dissolved in water and 4.9 ml (0.079 mol)
of carbon disulphide were introduced into the flask. After completion of the
reaction, the mass was filtered off, ethanol was removed. The combined crystal-
line mass was washed with acetonitrile. As a result, 23 g of the sodium 2-(hepty-
lamino)ethyldithiocarbamate 3, mp 120-122 °C was obtained in a yield of 60%.

Sodium 2-(octylamino)ethyl-dithiocarbamate 4. 10 ml (0.15 mol) of ethy-
lenediamine solute in 20 ml of ethanol were introduced into a three-necked flask
equipped with a mechanical stirrer, reflux condenser and dropping funnel. 13 ml
(0.075 mole) octyl bromide was added dropwise to the reaction flask within
30 minutes. At a temperature of 50-60 °C, the reaction mixture was stirred for
4 hours. The reaction was monitored by thin layer chromatography. After the
disappearance of the octyl bromide and ethylenediamine stains, the reaction tem-
perature was lowered to -5 °C. 2.99 g (0.074 mol) of sodium hydroxide dissolved
in water and 5.1 ml (0.08 mol) of carbon disulphide were introduced into the
flask. After completion of the reaction, the crystalline mass was filtered off, etha-
nol was removed. The combined crystalline mass was washed with acetonitrile.
As a result, 12.75 g (63% yield) of the sodium 2-(octylamino)ethyl-dithiocar-
bamate, mp 133 °C were obtained.
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RESULTS AND DISCUSSION

In order to synthesize the new hetero-organic compounds and study their
chemical, physico-chemical and biological properties, in particular physiological
and surface activity, we carried out the selective monoalkylation of ethylenedia-
mine by the method we used earlier for the N-alkylation of monoethanolamine
[6]. Alkylation of ethylenediamine was carried out with alkyl bromide in an
ethanol medium at the presence of potassium acetate on equimolar ratio of the
reagents at the reaction temperature about 50-55 °C. After the usual procedure of
isolation the product, N-butylethane-1,2-diamine 1was obtaind in an individual
form by yield of 66% and N-octylethane-1,2-diamine 2 by yield of 78%.

HN
C4HgB|’ / _\_\
———— > H)N 1

2

Ethanol CgH17Br

HoN
2

The structures of the synthesized compounds were proved by the methods of
IR, "H NMR and "C spectroscopy (the spectra of the synthesized N-octylethane-
1.2-diamine 2 are shown in figures 1-5).

In the IR spectra of amines 1 and 2, absorption bands at 3479 cm™, 3412 cm’™
and 1671 cm’, characteristic for the NH, group, are observed. In the regions
2955 cm’™', 2887 and 2935 cm’', intensive bands of stretching vibrations of C-H
bonds characteristic for saturated hydrocarbon substituents are observed.

In the PMR spectrum of N-butyl ethane-1,2-diamine 1, there is a broadened
singlet of CHj protons at 0.98 ppm, proton’s signals of (CH,);-methylene groups
appear in the range of 1.0-2.65 ppm. Protons of NH-CH, groups of the ethylene
bridge resonate at 3.4-3.5 ppm. as a multiplet, NH-protons of amine groups are
resonated at 3.0-3.10 ppm. In the PMR spectrum of N-octylethane-1,2-diamine 2,
(Figure 1), the signal of the terminal methyl group (H-12) appears as a weakly
ordered triplet at 0.82 ppm. Resonance signals of methylene (H-6 - H-11) groups
of the octyl fragment are observed as a highly intense broad singlet at 1.22 ppm.
The protons of NCH, group (H-5) under the influence of the neighboring nitrogen
heteroatom resonate at a region of 2.46 ppm. The protons of the CH,-groups of
the ethylene bridge give signals at a frequency of 1.56 and 2.88 ppm. The highest-
frequency signal (3.19 ppm) belongs to the protons of the amino groups.

Figures 2 and 3 show the COSY spectrum and COSY correlations for N-
octyl ethane-1,2-diamine 2, which indicate groups of protons interacting with
each other. These data confirm the assignment of signals of the PMR spectrum
and the structure of N-octylethane-1,2-diamine 2.
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Figure 3 — COSY Correlations for N-octylethane-1,2-diamine 2

In the carbon spectrum of N-octylethane-1,2-diamine 2 shown in figure 4,
the signal of the terminal methyl group of the octyl fragment is observed at 14.46
ppm. The signals of the carbon atoms of C-6 — C-11 methylene groups in the
range from 22.58 to 31.67 ppm are observed. Signal of the N-CH, group of the
octyl substituent is manifested at 40.72 ppm. Signals at 43.37 and 47.63 ppm. can
be attributed to the carbon atoms of the ethylene chain C-2 and C-3, respectively.
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Figure 4 — NMR "*C spectrum of N-octylethane-1,2-diamine 2

The NMR "C spectrum of N-butylethane-1,2-diamine 1 also shows a signal
at 14.0 ppm corresponding to the carbon atom of the terminal CH; group, signals
at 25.1; 32.0 and 42.2 ppm. are referred to the carbon atoms of the butyl group,
the signals at 49.3 and 54.4 ppm. can be attributed to the carbon atoms of the
group NH,-CH,-CH,-NH.

Figures 5 and 6 show the HMQC spectrum and HMQC correlations for N-
octylethane-1,2-diamine 2, indicating which carbon atoms interact with certain
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ALK

Figure 6 — Correlation of the HMQC compound of N-octylethane-1,2-diamine 2
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proton groups. These data confirm the assignment of the signals from NMR "°C

and PMR spectra and the structure of N-octylethane-1,2-diamine 2.

The sodium dithiocarbamates 3 and 4 were obtained by successive inter-
action of equimolar amounts of ethylenediamine with alkyl bromide at the tem-
perature 50-60 °C and then with carbon disulphide in the presence of sodium

hydroxide at 0-5 °C in an ethyl alcohol medium.
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Dithiocarbamates 3, 4 settled out of the reaction solution as white crystalline
substances with R 0.26 and Ry 0.29 (silufol, benzene: alcohol, 1:3), which after
reaction finishing are filtered off and washed with acetonitrile. The yields of the
sodium salts of 2-(heptylamino)ethyl-dithiocarbamate 3 and 2-(octylamino)ethyl-
dithiocarbamate 4 are 60% and 63%, melting points 120-122 °C and 133 °C,
respectively.

In the IR spectra of synthesized new dithiocarbamates 3, 4, there are ab-
sorption bands of C=S bond stretching vibrations in the region of 1420-1460 cm™
and C-S bond in the region of 638-735 cm™. Absorption bands in the region of
3300-3500 cm™ characteristic for NH groups are also observed. In the region of
2887-2935 cm™ intense bands of stretching vibrations of C-H bonds characteristic
for saturated hydrocarbon substituents are observed.

Compounds 3 and 4 are characterized by PMR spectroscopy. A broaden
singlet of CH; protons is observed in the spectrum at 0.96 - 0.98 ppm. The pro-
tons of the (CH,),-methylene groups in the region of 1.1-2.6 ppm in the form of
multiplets are observed. The protons of the NCH, group are resonated in the
region of 3.60-3.80 ppm as the multiplets. The protons of the amine group are
resonated in the region of 3.0-3.30 ppm.

In the PMR spectrum of the sodium 2-(octylamino) ethyl-dithiocarbamate 4,
a singlet of CHj-group protons is observed at 0.96. Protons (CH,),-methylene
groups in the region and 1.1-2.6 ppm in the form of multiplets are observed. The
protons of NH-CH, groups at 3.73 and 3.60 ppm. in the form of multiplets are
resonated, the NH protons of the amine and amide groups are resonated at 3.0 and
3.20 ppm.

Conclusion. Thus, as a result of our studies, the conditions for the selective
monoalkylation of ethylenediamine have been experimentally established. For the
first time, a one-pot synthesis of sodium 2-(alkylamino)ethyl-dithiocarbamates
was carried out. The structure of synthesized compounds is confirmed by phy-
sicochemical methods of investigation.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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Pesrome
U. H. Onyapbexosa, H. O. Okimbaesa, C. A. Buzep, K. b. Epocanos

OTUIEHIANAMUH/AL CEJIEKTHUBTI N-MOHOAJIKWIJIEY
KOHE IUTUOKAPBOHUJIAEY

OTUneHAUMHUHAI OPOMIBI ATKWIAEPMEH 3TaHOJIBI OPTaa aleTaT Kajdnuil KaThIChIHAA
peareHTTep/IiH SKBUMOJIBI KaThiHackiHaa 50-55 °C Temneparypaia MOHOAJIKHIIICY HOTH-
xecinne 66% mbirbiMMer N-OyTuiaTas-1,2-1uamMuH xoHe 78% IIBIFBIMMEH N-OKTHII-
9TaH-1,2-TMaMUH CUHTE3ICNTIHIl. OPEKETTECY IIH KAIFAChl PETiHIC Oip PEaKIMIIBIK KOJI-
0aza SKBUMOJIBJII MOJIIIEepIe ITUICHAMUHHIH ankui opommen 50-60 °C temneparypana
JKOHE COJlaH KeWiH KYKIPTTI KeMipTeKIeH HaTpui ruxpokcui Kateickiaga 0-5 °C temre-
parypaza 3THJI CIHPTI OpPTAachlHAA HATPUH JWTHOKapOamarTapbl ajblHABL 2-(TeTTHII-
aAMHHO )3 THIIANTHOKapOaMaTThIH JKoHE 2-(OKTHIIAMHMHO)3THIIANTHOKApOAaMaTThIH IIBIFBIM-
napsl 60 xxoHe 63%, colikecinme 6anKy temmneparypanapsr 120-122 °C xone 133 °C TteH.
N-ankwumatan-1,2-1naMuaIep KoHE HATPUi 2-(aTKMIaMUHO )3 THIITUTHOKapOaMaTTaphl-
HBIH Kypbuteickl UK, IMP 'H xome 12 C-crekTprepiHiH KeMeTiMeH JaienaeHal. N-OKTHII-
stan-1,2-quamunnig COSY xone HMQC criektpiepi, Koppessiuschl KenTipiireH.

Tyiiin ce3mep: dTHICHAMAMHH, AJKHUIEY, OPOMIIBI AIIKWIIIED, TUTHOKAPOOHUIIIEY,
HATpHil 2-(AIKUIAMHUHO)3THIKApOaMOAUTHOATHI.

Pesome
HU. H. Anyapbexosa, H. O. Axumbaesa, C. A. Buzep, K. b. Epacanos

CEJIEKTMBHOE MOHOAJIKJIMPOBAHUE
N IUTUOKAPBOHMJIMPOBAHUME DTUJIEHANAMUHA

ITyTem ceneKTHBHOTO MOHOAIKMIMPOBAHMS STWICHANAMHUHA OPOMUCTBIMHU AJIKMIIA-
MH B 3TaHOJIBHON CPeZe B MPUCYTCTBUH aneTara KaJIusl IPH 3KBUMOJIBHOM COOTHOIICHUH
peareHToB U Temnepatype peakuuu 50-55 °C cuntesupoBansl N-OyTmidTas-1,2-muamMuH
¢ BeIX00M 66% 1 N-okTmidTan-1,2-nuamMuH ¢ BeixogoM 78%. IlociemoBaTeIbHBIM B3au-
MO}IeﬁCTBHeM B OllHOﬁ peaKHHOHHOﬁ KoJ10€ OKBUMOJIAPHBIX KOJHUYCCTB OTUJICHANAMUHA C
ankuiopomuioM nipu temneparype 50-60 °C u 3ateM ¢ cepoyriepoioM B NPUCYTCTBHU
THIpOKcUAa HaTpus npu Temnepatype 0-5 °C B cpesie 3TUI0BOro CUpTAa MOJTyUeHBI COOT-
BETCTBYIOLIME JAUTHOKapOamarhl HaTpus. BbIXonsl HaTpueBbIX cojell 2-(renThiaMu-
HO)3TWIIAMTHOKapOamMara u 2-(OKTHIAMHHO )3THIIUTHOKapOaMaTa cocTaBisitoT 60 u 63%,
temreparypsl miasnenus 120-122 u 133 °C coorBercTBeHHO. CTpoeHue N-anKuia-3TaH-
1,2-nnamMuHOB M 2-(JIKWJIAMHUHO) STHIAWTHOKapOaMaToB HATPHs MOITBEPKACHO JaH-
upivu UK-, IMP 'H- u "*C-cniextpos. Ipusenenst COSY 1 HMQC CHeKTphI i COOTBET-
CTBYIOIIHE KOppeIsiu N-OKTHIITaH- |,2-1rnaMruHa.

KnroueBble c10Ba: 3THICHANAMHH, AIKWINPOBAHUE, OPOMHCTBIE AJKWIIBI, TUTHO-
KapOOHIITMPOBaHNE, HATPUH 2-(IKIIAMIHO )3 THIKapOaMOIUTHOATHI.
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OBTAINING AND INVESTIGATION OF SUPRAMOLECULAR
INCLUSION COMPLEX OF 2-DEOXY-20-HYDROXYECDYSONE
WITH y-CYCLODEXTRINE BY NMR SPECTROSCOPY METHOD

Abstract. For the first time, 2-deoxy-20-hydroxyecdysone (2-deoxyecdysterone) has
been isolated from the above-ground part of Silenefruticulosa (Pall.) Schischk (Caryo-
phyllaceae Juss. family). The formation of complex of phytoecdysteroids with y-cyclo-
dextrin has been studied with the help of NMR spectroscopy. Due to changing the chemi-
cal shifts of the substrate and receptor protons, it has been revealed that 2-deoxy-20-hyd-
roxyecdysone interacts with y-cyclodextrin to form a supramolecular inclusion complex of
the stoichiometric composition of 1:1 with the entry of the fragment A of the substrate
molecule into the inner cavity of the receptor.

Keywords: Silenefruticulosa (Pall.) Schischk, 2-deoxy-20-hydroxyecdysone, cyclo-
dextrin, inclusion complexes, NMR spectroscopy.

Introduction. At the present stage of development of supramolecular che-
mistry, the most promising and intensively developing direction is the preparation
and investigation of inclusion complexes of steroid compounds with cyclodextrins
(CDs) [1-3]. The increased interest in CDs is due to their cyclic structure and the
ability to form supramolecular host-guest inclusion complexes (receptor-sub-
strate) due to the internal hydrophobic cavity. The supramolecular inclusion com-
plexes of CDs with biologically active compounds make it possible to increase
the solubility of the latter in water, reduce toxicity, allow liquid substances to be
converted into solid substances, increase the stability of the substances to oxida-
tion and hydrolysis [4-6]. Therefore, the preparation of inclusion complexes of
phytoecdysteroids of ecdysterone and 2-desoxyecdysone that are promising
synthons for regioselective modifications with CDs are in great demand [7-10].

Selection as a substrate of supramolecular self-assembly of 2-deoxy-20-
hydroxyecdysone (38, 14a, 20R, 22R, 25-pentahydroxy-5B(H)-cholest-7-en-6-
one, 2-deoxyecdysterone) 1is due to the wide range of biological activity of the
latter. Compound 1 in small doses exhibits hormonal activity for insects in invivo
tests [11] and was previously first isolated from the Jacuslalandei crayfish [12]
and the Blechnumminus fern [13]. The compound 1 was also isolated from the
Kazakh plant Silenefruticulosa (Pall.) Schischkhar vested in flowering phase
[14,15].

36



ISSN 1813-1107 Ne2 2018

EXPERIMENTAL PART

The reversed-phase high-performance liquid chromatography method was
carried out on a HEWLETT PAKKARD Agilent 1100 Series instrument, an
analytical column 4.6 x 150 mm, Zorbax SB-C_18; mobile phase: 10% isopropyl
alcohol, UV detection at a length of 254 nm, a column temperature of 20°, a flow
rate of the eluent of 0.75 ml/min, and a sample volume of 20 pl.

'H and °C NMR spectra were recorded on the JeolINM-ECA 400 spectro-
meters (399.78 and 100.53 MHz on 'H and "°C nuclei, respectively) in a solution
of DMSO-d¢ and BrukerAvance DRX-500 (500 and 125 MHz on 'H and "C
nuclei, respectively) for solutions in CDCI;. Chemical shifts are measured relative
to the residual signals of protons or carbon atoms DMSO-ds and CDCl;. The mass
spectra were obtained on an LCQ Fleet mass spectrometer (ThermoElectron Cor-
poration, USA) under the conditions of chemical ionization at atmospheric pres-
sure. Positive ion spectra were analyzed using the Xcalibur program. TLC was
performed on Kieselgel 60 F254chromatographic plates. Column chromatography
was carried out on Kieselgel 60 (VWR, Art. 7734)silica gel.

v-CD was used by Fluka’s production facilities with a purity of 99%.

The melting point of the inclusion complex was determined on a Boetius
instrument. The course of the reaction and the purity of the obtained compounds
were monitored by thin-layer chromatography on Sorbfil plates in the ethanol-
chloroform system (2:8). The plates were developed with a mixture of H,SOy:
vanillin.

Isolation of the ecdysteroid-containing fraction of Silenefruticulosa
(Pall.) Schischk. Airborne aerial parts of Silenefruticulosa (Pall.) Schischk sem.
of Caryophyllaceae Juss. family (6 kg, collected on August 20, 2015 during the
flowering phase in the Karaganda region of the Ulytau district of the Republic of
Kazakhstan) was extracted four times with 70% aqueous ethanol by heating in a
water bath. The resulting ethanol extract was treated with a 2:1 mixture of petro-
leum ether and ethyl acetate to remove non-polar components, the remaining
water soluble portion was extracted with isobutanol. Isobutanol extracts were
combined, and then isobutanol was distilled off to dryness in vacuo. There was
obtained the sum of ecdysteroids with concomitant substances in the form of a
thick green syrupy mass in the amount of 504 g.

Chromatographic separation of the ecdysteroid-containing fraction. The
extract (16.3 g) was dissolved in a mixture of chloroform-methanol (150 ml, 1:1)
in an ultrasonic bath. The resulting solution with a small suspension of insoluble
substance was mixed with silica gel and the solvent was evaporated. The resi-
due was applied to a silica gel column, eluting with a chloroform-methanol
(50: 1 — 1: 1) mixture. The eluate from the column in 30 ml portions was collec-
ted in separate tubes (the first 19 tubes were discarded as substance-free), which
were pooled into 8 fractions based on TLC analysis.

Acetylation of F-5 fraction. A solution of the F-5 oil (235 mg) and DMAP
(9.4 mg) in pyridine (5 ml) and Ac,O (2.5 ml) was held at 40-45°C for 5 hours.
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The solvent was then evaporated in vacuum; the residue was applied to a
Si0,-containing column. Elution was carried out with a mixture of CHCl;-MeOH
(100: 1 — 30: 1). 123.14 mg of (22R)-2p,22-diacetoxy-5p-cholest-7-en-6-one-
140,25-diol was obtained as an oil."H NMR (500 MHz, CDCls, 8, ppm, J/Hz):
0.66 (3H, s, CH3-18), 0.93 (3H, d, J=6.7, CH5-21), 0.97 (3H (2H, s, CH;-19), 1.21
(3H, s, CH;5-26), 1.23 (3H, s, CH;-27), 2.04 (3H, s, CH3;-COO-2), 2.05 (3H, s,
CH; -0C0-20), 2.35 (1H, dd, ] = 12.6, 3.9, H-5), 3.09 (1H, m, H-9), 4.87 (1H, d,
J=10.1, H-22), 5.05 (1H, br. s, H-3), 5.84 (1H, d, J=1.9, H-7). °C NMR (125
MHz, CDCls, 8, ppm): 13.39, 15.69, 20.50, 21.36, 21.91, 23.94, 25.36, 25.43,
28.93, 29.48, 29.89, 30.78, 31.90, 36.38, 39.01, 40.34, 47.31, 51.64, 67.66, 70.72,
77.20, 84.70, 121.28, 164.44, 170.46, 170.98, 203.01. MS (APCI") m/z (%):
532.8 (IM]", 15), 515.1 ([M-H,O+H]", 100), 497.2 ([M-2H,0+H]", 46), 473.3
([IM-AcOH+HT", 64), 455.6 (IM-H,0-AcOH+HT", 95).

Acetylation of F-7 fraction. A solution of the F-70il (240 mg) and DMAP
(9.4 mg) in pyridine (5 ml) and Ac,O (2.5 ml) was held at 40-45°C for 5 hours.
The solvent was then evaporated in vacuum; the residue was applied to a
Si0,-containing column. Elution was carried out with a mixture of CHCl;-MeOH
(100: T — 30: 1). 31.2 mg of (22R)-2P,22-diacetoxy-5p-cholest-7-en-6-one-
140,20,25-triol was obtained. '"H NMR (500 MHz, CDCls, 8, ppm, J/Hz): 0.86
(3H, s, 3H, CH;-18), 0.98 (3H, s, CH5-19), 1.21 (3H, s, CH3-26), 1.23 (3H, s,
CH;-27), 1.27 (3H, s, CH3-21), 2.06 (3H, s, CH;-COO-2), 2.12 (3H, s, CH;-COO
-20), 2.32-2.43 (1H, m, H-5), 3.11 (1H, s, H-9), 4.80 - 4.90 (1H, m, H-22), 5.08
(1H, br. s, H-3), 5.86 (1H, d, J=2.1, H-7). °C NMR (125 MHz, CDCl;, 3, ppm):
17.46, 20.53, 21.14, 21.38, 23.92, 24.75, 25.35, 28.87, 29.12, 29.68, 30.01, 31.27,
31.72, 36.42, 40.24, 47.69, 49.49, 51.70, 67.59, 70.60, 77.21, 79.54, 84.87,
121.56, 164.32, 170.46, 172.48, 202.87. MS (APCI") m/z (%): 549.1
(IM+H]’, 41), 531.6 ([M-H,O+H]J", 100), 513.1 ([M-2H,O+H]", 36), 471.4
(IM-H,0-AcOH+H]", 8), 453.4 ([M-2H,0-AcOH+H]", 26).

Preparation of compound 1 from diacetate. 40 mg of potassium bicar-
bonate in 3 ml of water was added to a solution of 31.2 mg of diacetate in 4 ml of
methanoland left at 40°C for one hour. The reaction mixture was diluted with
water, neutralized with acetic acid and extracted with ether. The ether was distil-
led off; the residue was chromatographed on a thin layer of silica gel in chlo-
roform-methanol (9:1). 12 mg of 1 with m.p. 250-252°C (from acetone-hexane)
was obtained. The yield is 38.4%.

The inclusion complex 1 with y-CD was obtained by the interaction of
equimolecular quantities of solutions of 1 and y-CD. 0.032 g (0.025 mmol) of
v-CD dissolved in 4 ml of distilled water was added to 0.022 g (0.025 mmol)of
1 dissolved in 3 ml of absolute ethanol. The solution was stirred with a magnetic
stirrer at 50°C for 8 hours. The precipitate formed was filtered off, washed with
ethanol and dried in a vacuum oven at 40°C. The inclusion complex of 1-y-CD
was obtained as a white powder, melting with decomposition at 350°C.
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RESULTS AND DISCUSSION

At the obtaining 1 in the first stage the yield of extractives extracted by 70%
aqueous ethyl alcohol was studied, and then, the reverse-phase high-performance
liquid chromatography method was used to analyze the extract of the aerial part
for the content of phytoecdysteroids.

Before it was revealed that the above-ground parts of Silenefruticulosa (Pall.)
Schischkcontain ecdysterone as the main ecdysteroid (content 2.4 g/kg of dry
weight), as well as 2-deoxyecdysone (0.45 g/kg) and 1 (0.11 g/kg) as minor repre-
sentatives of this class of polyhydroxysteroids [14].

For the preparative isolation of the above-mentioned compounds, the air
dried plant was subjected to extraction with aqueous ethyl alcohol and the
resulting extract was then purified from non-polar components by washing with a
mixture of petroleum ether and ethyl acetate. Purification from water-soluble
impurities was carried out by the extraction of ecdysteroidfraction dissolved in
water withisobutanol. The resulting ecdysteroid mixture was applied to a silica
gel column, eluting with a step gradient of chloroform with ethanol. The eluate
from the column was combined into 8 fractions based on the TLC analysis. 'H
NMR and mass spectra were recordedfor all F-1-F-8 fractions, on the basis of
which the F-1-F-4 and F-6 fractions were excluded from further consideration as
steroid-free. Fraction F-8 contained an individual compound 20-hydroxyecdy-
sone, the structure of which was identified by the NMR spectroscopy method.

Further work with F-5 and F-7 fractions suggested their additional purifi-
cation, but repeated chromatography on silica gel using other solvents did not
yield the desired results. The solution of the problem was the acetylation of F-5
and F-7 fractions, followed by the isolation of 2-deoxyecdysoneand 1 acetates,
respectively, identified by NMR and mass spectrometry. Deacetylation of the
resulting compounds was carried out with potassium bicarbonate according to the
procedure [16].

It is known that the sizes, shape and geometric complementarity of the inter-
acting components play an important role in supramolecular chemistry, therefore,
v-CD was chosen as the most suitable for obtaining the inclusion complex 1, the
most suitable according to the above-mentioned criteria. [17] Currently, NMR
spectroscopy is one of the most informative research methods of structure and
intermolecular interactions in inclusion complexes of steroid compounds [3, 18];
therefore this method of investigation was chosen for the study of the supramo-
lecule 1 with y-CD.

The supramolecular inclusion complex 1 with y-CD was obtained by the
interaction of equimolecular amounts of the substrate with the receptor in an
alcoholic solution upon heating.

DMSO-d¢ proved to be the most suitable solvent for NMR spectroscopic
studies of inclusion complexesl with y-CD; therefore, NMR spectraofl and its
complexes with y-CD were obtained in this solvent. Previously, NMR spectra of 1
were identified in deuterated pyridine and methanol [13], so the results of the
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in the inclusion complex (8)

Chemical shifts of "H and '*C NMRof 1 and y-CD in the free state (5,) and

Caom | CHGrowp | O | 8CHL | 3CH)L | ASCH)=SCH)-5(H),
ppm ppm ppm ppm
1
1 -CH,- 28.56
2 -CH,- 28.56
3 >CH-OH 63.15
4 -CH,- 29.51
5 >CH- 51.40
6 >C=0 210.97 - - -
7 -CH=C< 120.85 5.58s 5.57s -0.01
8 >C=C< 166.19 - -
9 >CH- 36.10 3.06 m 3.04m -0.02
10 >C< 36.56 - - -
11 -CH,- 21.49
12 -CH,- 31.30
13 >C< 48.56 - — —
14 >C< 83.63 - - -
15 -CH,- 32,56
16 -CH,- 21.49
17 >CH- 49.21 222 m 221m -0.01
18 -CH; 17.68 0.71s 0.70 s —0.01
19 -CH; 24.05 0.80s 0.79 s -0.01
20 >C<(OH) 76.19
21 -CH; 22.11 1.03s 1.02s -0.01
22 >CH- 76.68
23 -CH,- 26.60
24 -CH,- 41.92
25 >C< 69.21 — — —
26 -CH; 30.55 1.00's 0.99 s -0.01
27 -CH; 30.55 1.00s 0.99s -0.01
y-CD
1 >CH- 4.83 4.83 0
2 >CH- 3.30 3.27 -0.03
3 >CH- 3.37 3.33 -0.04
4 >CH- 3.32 3.29 -0.03
5 >CH- 3.41 3.33 -0.04
6 -CH,- 3.58 3.56 -0.02

40




ISSN 1813-1107 Ne2 2018

previous work were used in determining NMR chemical shifts of 'H and"’C atoms
of 1 (table) in DMSO-d¢. Since a change in the solvent during NMR studies leads
to a change in the chemical shift of the 'H and "°C atoms, two-dimensional NMR
spectroscopy of HMQC ('H-"°C) correlation through one bond and COSY (‘H-'H)
NMR correlations through three bonds was used to identify the signals.

The superposition of proton NMR spectra of 1 does not allow identifying all
the hydrogen atoms in the solvent chosen by us. Singlet signals of five CH;-
groups are manifested in the strong-field region at 0.72-1.03 ppmof the proton
NMR spectrum. The resonance of the signals of the CH, groups of the molecule is
foundin the area of 1.20-2.00 ppm. The multiplet signal at 2.22 ppm can be
attributed to the proton of the methine group H-17, another methionine proton
H-9 resonates at 3.06 ppm. Proton of the H-7 fragment -CH = C-resonates at
5.58 ppm.

In the HMQC ('H-"*C) NMR spectraof 1certain protons correlate with the
corresponding nuclei of carbon atoms. Cross peaks corresponding to spin-spin
proton interactions through three bonds are observed in the two-dimensional
COSY ('H-"H) NMR spectra.

Thus, the obtained one- and two-dimensional NMR spectra allowed identi-
fying all carbon atoms and detectable protons of the molecule 1, potential sub-
strate or guest when obtaining inclusion complexes with y-CD.

The proposed scheme for the formation of a supramolecular inclusion complex 1with y-CD
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Investigation of the structure of supramolecular complexes by the method of
'H and C NMR spectroscopy is based on the determination of the difference in
the values of chemical shifts of certain signals in the spectra of substratel and the
v-CD receptor in the free state and in the complex that arises as a result of inter-
molecular interaction. Thus, in terms of the values of the chemical shifts of the
internal or external protons of the CDs, it is possible to reveal the formation of,
respectively, internal or external complexes. The change in the chemical shifts of
'H and "C in the substrate spectra makes it possible to determine the direction of
occurrence of the latter in the cavity of the CD [19, 20].

Signals of protons belonging to substrate molecules are observed (table) in
'H NMR spectra of inclusion complexes with y-CD. There were no significant
changes in chemical shifts of the identified protonslafter complexation with
v-CD. In the inclusion complexes 1 with y-CD, the greatest change was observed
in the chemical shifts of protons H-3 and H-5 of the inner cyclodextrin cavity
(table, figure).

This indicates the entry of the steroid molecule into the internal cavity of
host molecules with the formation of a supramolecular inclusion complex.

Conclusion. A comparison of the values of the integrated intensities of the
signals of protons 1 and y-CD in the composition of the inclusion complex sho-
wed the formation of supramolecules of the composition of one guest molecule
per molecule of the host.

The imposition of proton NMR spectra in free states and in the inclusion
complex did not completely allow identifying the structure of the supramolecules
with y-CD. A slight change in the chemical shifts of the protons of the methyl
groups H-26, 27, 21 and 18 allows one to make the assumption that the inclusion
of the molecule 1 in the cyclodextrin cavity occurs as the entry of the guest
molecule fragment A into the interior cavity of the host molecule.
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2-TE30KCU-20-THAPOKCUSKIN30OHHDbIH, y-HIUKJIOAEKCTPMHMEH
CYITPAMOIJIEKYJIAJIBIK KOCY KOMIUIEKCIH AJIY XXOHE
SAMP-CIIEKTPOCKOITHAJIBIK O AICITEH 3EPTTEY

Byramsik ceuppipmentiH (Silenefruticulosa (Pall.) Schischk, Caryophyllaceaeluss.)
JXKep YcTi OeririHeH anmFam pet 2-1e30KcH-20-THAPOKCHIKAN30H OemiHin ansiHabl. IMP-
CIIEKTPOCKOMHMSI 9/IiCI apKbUIbl (PUTOIKAUCTEPOUITHIH Y-IUKIOJEKCTPHHMEH KOMILIEKC
Ty3unyi 3eprreningi. CyocTpaT rneH pelenTopAblH MPOTOHAAPBIHBIH XUMHUSUIIBIK XKBUDKYJIa-
PBIHBIH ©3repicTepi 0oitbIHIIa, 2-1e30KCH-20-THIPOKCHIKAN30H Y-IIUKIOJeKCTPUHMEH 1:1
CTEXMOMETPHSUIBIK KypaMJIaFbl CyNpaMoJIeKyJIallbIK KOMILUIEKC TY3iIl, PEelenTop MOJIEKy-
JIACHIHBIH KYBICBIHA CyOCTpaT MOJIEKyJachl A ()parMeHTIMEH €HETIHI aHBIKTaJIbI.

Tyiiin ce3nep: Oyrambik ceuigbipien (Silene fruticulosa (Pall.) Schischk, Caryo-
phyllaceae Juss.), 2-ne30kcn-20-TUAPOKCUIKIAN30H, IUKIOIEKCTPHH, KOCY KOMILIEKCTEPI,
SAMP-cnexTpockonus.

Pe3rome

b. C. Temupeasues, T. M. Cetinxanos, C. Tanax, A. M. Koscanosa,
O. T. Ceiinxanos, E. B. Munaesa, JI. K. Canvxeesa, b. U. Tyreyos, C. M. Adexenos

IMOJIYYEHUE U NCCIIEJOBAHUE CYIIPAMOJIEKYJIIPHOI'O KOMITJIIEKCA
BKIIFOYEHUA 2-JE30KCH-20-TUJPOKCUDOKIN30HA
C y-IIUKJIIOAEKCTPUHOM METOJIOM CIIEKTPOCKOIINU AMP

W3 Hag3emHOI yacTu cMoneBkH KycTapHIYkoBoH (Silenefruticulosa (Pall.) Schischk,
cemeiictBa CaryophyllaceaeJuss.) BriepBbie BEIIECNEH 2-1€30KCH-20-THIPOKCHIKIN30H (2-
JE30KCHIKIUCTEPOoH). MeTogoM SIMP-ciekTpockoniu M3y4eHO KOMILIEKCOOOpa3oBaHue
(bUTOIKIUCTEPOUIA C Y-IIUKIOASKCTPUHOM. [10 M3MEHEHHIO XUMHUYECKUX CIBUTOB MTPOTO-
HOB cyOcTpaTa U perenrtopa yCTaHOBICHO, YTO 2-1e30KCH-20-THAPOKCHIKIN30H B3aUMO-
JEUCTBYET C Y-IIMKJIOACKCTPUHOM C 00pa30BaHHEM CYNPaMOJIEKYJISIPHOTO KOMILIEKCa
BKJTIOYCHHUS CTEXMOMETPHYECCKOrO cocTtaBa 1:1 ¢ BXOXaeHHEM (parMeHTa A MOJICKYJIbI
cyOcTpaTa BO BHYTPEHHIOIO TI0JIOCTh PELIENTOpa.

KaioueBsbie cioBa: cmonéBka KycrapHuukoBas (Silenefruticulosa (Pall.)Schischk),
2-1e30KCH-20-THAPOKCUIKIN30H, IMKIOAECTPUH, KOMIUIEKCHl BKITIOYEHHS, CIEKTPOCKO-
nus SIMP.
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PHYSICAL AND CHEMICAL PROPERTIES OF THE PRODUCTION
TECHNOLOGY OF INDIVIDUAL UREA-FORMALDEHYDE
COMPOUNDS AND MULTIFUNCTIONAL COMPOUNDS
ON THE BASIS OF THOSE COMPOUNDS AND ZINC ACETATE

Abstract. Optimum parameters of drying process of the thin layers of low-molecular
urea-formaldehyde compounds - monomethylolurea, dimethylolurea and methylene di-
carene, as well as multifunctional compounds on the base of those compounds and zinc
acetate, were determined. The input parameters were: pH 6.5-7.4, temperature 70-95 °C
and drying process time 2-40 minutes. Output parameters: the content of methylol,
methylene formaldehyde, free urea.

The optimum drying parameters were: pH of solutions 6.5-7.0, temperature 70-90 °C,
drying time of solutions 2-10 min. The data of the conducted studies allow us to recom-
mend a spray dryer for the production of solid urea-formaldehyde compounds, as well as
multifunctional compounds based on them and zinc acetate.

Key words: urea-formaldehyde compounds, drying process, phase composition
changes, polycondensation process, spray dryer.

Introduction. For the physical and chemical justification of the technology
for obtaining low-molecular urea-formaldehyde compounds (UFC) — monome-
thylol ureas, dimethylol urea and methylene-diuria, as well as multifunctional
compounds based on them and zinc acetate, studies were conducted in order to
determine the change in their phase composition as a function of pH, temperature,
duration drying process in thin layers.

To carry out the experiment, model saturated solutions of UFC (table 1) were
prepared and their composition is defined by the conditions of their synthesis [1-3].

Table 1 — Composition of model solutions of individual UFC

Composition, mass. %
Compound

UFC formaldehyde Urea Water

40,0 0 0 60,0
H,NCONHCH,OH

38,0 0,67 1,33 60,0

40,0 0 0 60,0
HOCH,NHCONHCH,OH

34,0 3,0 3,0 60,0
H,NCONHCH,NHCONH, 30,0 0 0 70,0
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EXPERIMENTAL PART

Experiment methodology. Model solutions of UFC were applied in a thin
layer on a surface having a temperature of 70, 90 and 95 °C, and the products
were dried for 2, 5, 10, 15, 20, 25, 30 minutes.

At the first stage of the study, experiments on drying solutions of UFC in
thin layers were carried out at pH 6.5-7.4, in the temperature range 70-95 °C for a
constant time equal to two minutes.

RESULTS AND DISCUSSION

It is established (table 2) that in the case of using a solution of monome-
thylolurea that does not contain free urea and unreacted formaldehyde having a
pH of 6.5, with thin-layer UFC drying in the temperature range 70-95 °C, it is

Table 2 — Composition of drying product obtaining from monomethylolurea solution

Composition Experiment conditions Composition of product, mass %
of drying product of tempe- Monome- | Condensation | Free
monomethylolurea, mass % pH rature, °C thylourea product urea
70 86,0 12,0 2,0
6,5 90 76,0 22,2 1,8
95 72,0 26,8 1,2
70 100 0 0
Monomethylourea — 40,0 6.8 20 98,2 18 0
Formaldehyde — 0 95 92,5 7,5 0
Urea -0 70 100 0 0
Water 60,0 7.0 90 100 0 0
95 98,4 1,6 0
70 100 0 0
7.4 90 100 0 0
95 99,2 0,8 0
70 97,2 1,1 1,7
6,5 90 95,0 3,8 1,2
95 89,1 10,2 0,7
70 97,5 0 2,5
Monomethylourea — 38,0 6.8 90 694 2.1 1,5
Formaldehyde — 0,67 95 91,2 7,8 1,0
Urea - 1,33 70 96,62 2,5 3,38
Water — 60,0 7,0 90 96,62 25 338
95 95,3 3,0 1,7
70 92,62 0 7,38
7,4 90 92,65 0 7,35
95 92,7 6,0 1,3
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impossible to obtain a stable product due to the polycondensation reaction of mo-
nomethylolurea with the formation, according to paper chromatography analysis,
of monomethylolmethylene compounds of urea.

When the pH of the monomethylolurea solution is increased to 6.8, the
product of stable composition can only be obtained at a temperature of 70 °C,
increasing the temperature to 90 ° C promotes the formation of condensation
products, as well as formation and release of free urea.

When the pH of the monomethylolurea solution is 7.0-7.5, the product does
not undergo polycondensation in the drying temperature range from 70 to 90 °C,
and with rising the temperature to 95 °C, observed a slight formation of
condensation products about 0.8-1.6%. In case of using a solution of monome-
thylolurea containing 0.67% formaldehyde and 1.33% urea at pH 6.5 at the
temperature range from 70 to 90 °C, the polycondensation process takes place
forming monomethylolmethylene derivatives of urea. An increase in pH to 6.8
makes it possible to obtain a stable product only at 70 °C. At a solution pH value
about 7.0-7.4 and temperature range from 70 to 90 °C, condensation don’t occur
and obtained product contains 96.62% monomethylolurea and 3.38% urea.
However, increase the drying temperature to 95 °C promotes formation of the
condensation products. In this case, the products contain less urea, which is de-
fined by its interaction with formaldehyde and methylol derivatives of urea [4, 5].
Thus, the optimum condition for obtaining a stable monomethylolurea of stable
composition by drying in thin layers are : aeration process about 2 minutes with a
minimum content of condensation products; pH of solution 6.8-7.4 and tempe-
rature range from 70 to 90 °C.

At the next stage of the experiment, carried out determination the change in
the phase composition of the products depending on the drying time (interval 2-
30 minutes) in the model solutions of monomethylolurea. At the same time, the
constant factors of the drying process were the temperature 75 °C and the pH of

Table 3 — Characteristics of monomethylourea in relation to the time of heat treatment

Duration | Drying Composition of the product, mass %
Composition of drying product drying tempe- ;
of monomethylolurea, mass % process, | rature, | monome- | Condensation | Free
minute °C thylolurea product urea
2 100 0 0
Monomethylolurea — 40 5 100 0 0
Formaldehyde — 0 10 75 100 0 0
Urea—0
Water — 60,0 20 99,5 0,5 0
30 91,2 6,7 2,1
96,62 0 3,38
Monomethylolurea — 38 5 96,62 0 338
Formaldehyde — 0,67
Urea— 1,33 10 75 96,62 0 3,38
Water — 60,0 20 96,62 Trapqs 337
neglibile
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the solution 7.0. From the data obtained (table 3) it follow that at the temperature
75 °C in a neutral medium, a product of stable composition can be obtained with a
drying time about 2-10 minutes. When the heat treatment time is increased to 20-
30 minutes, takes place formation of condensation products up to 0.5-6.7% in the
system.

Experimental data on the change in the phase composition of the drying
products of dimethylolurea solutions in thin layers, depending on pH 6.5-7.4 and
temperature 70-95 °C are presented in table 4.

Table 4 — Composition of the drying product of dimethylolurea solution

Experiment Composition of the product,
Composition of drying product conditions mass %
of monomethylolurea, mass % - tempe- Dime- | Condensation | Free
p rature, °C | thylolurea product urea
70 82 15,8 2,2
6,5 90 73 21,9 5,1
95 65 26,3 8,7
70 100 0 0
6,8 90 83 13,7 33
Monomethylolurea — 40
Formaldehyde — 0 95 75 19,8 52
Urea -0 70 100 0 0
Water — 60,0
7,0 90 100 0 0
95 95,4 3,0 1,6
70 100 0 0
7,4 90 100 0 0
95 96,5 2,7 0,8
70 85,2 2,6 12,2
6,5 90 70,3 13,6 16,1
95 65,2 15,5 19,3
70 91,9 0 8,1
. 6,8 90 79,1 9,4 11,5
Dimethylolurea 34
Formaldehyde — 3,0 95 75,0 11,7 13,3
Urea -0 70 91,9 0 8,1
Water — 60,0
7,0 90 91,9 0 8,1
95 85,0 4,2 10,8
70 91,9 0 8,1
7,4 90 91,9 0 8,1
95 85,9 3,7 10,4
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The drying time of the products was constant - 2 minutes. Drying process for
model solutions of dimethylolurea with a pH of 6.5 at the temperature range from
70 to 95 °C does not make it possible to obtain a stable product. The amount of
condensation product is 15.8-26.3%. In this case, 2.2-8.7% of free urea is formed.
According to the paper chromatography analysis, dimethylolmethylene and
methylene compounds of urea are formed in the product. With an increase the pH
of the solution to 6.8, the product of stable composition can be obtained only at
the temperature about 70 °C. At pH 7.0-7.4 in the temperature range from 70 to
90 °C there is no condensation of dimethylolurea. An increase the temperature to
95 °C leads to the formation of a 2.7-3.0% condensation product in the system;
thus forming free urea in an amount about 0.8-1.6%.

Using a solution of dimethylolurea containing free urea and unreacted
formaldehyde, when drying the salt, such patterns of the composition of the
products are observed depending on the pH and temperature of the process (tab-
le 4), as in the case of a solution of dimethylolurea that does not contain impurities.

However, in this case, the formaldehyde presence in the solution of dime-
thylolurea is dried out during the drying process of the product into the gas phase
and must be disposed. When the pH of the solutions is 7.0-7.4, condensation of
the product is excluded in the temperature range of 70-90 °C.

Increasing the temperature to 95 °C promotes the formation about 3.7-4.2%
condensation product in the system.

The results of the studies to determine the change in the composition of the
products during the drying process of solutions of dimethylolurea in the range of
2-30 minutes at a constant temperature of 75 °C and pH 7.0 showed (table 5) that
the composition of the product is stable in the drying time of 2-10 minutes, 10-
30 minutes condensation of dimethylolurea takes place with the formation of urea
in dimethylolmethylene compounds (7.1-18.0%).

Table 5 — Composition of the drying product of dimethylolurea
as a function of the time of heat treatment

Duration Drying Composition of the product, mass %
Dimethylolurea pulp of drying | temperature, -
composition, mass % process, °C Monome- | Condensation | Free
minutes thylolurea product urea
2 100 0 0
Monomethylolurea — 40 5 100 0 0
Formaldehyde — 0 10 75 100 0 0
Urea—0
Water — 60,0 20 98,5 L5 0
30 88,3 7,1 4.6
91,9 0 9,1
Dimethylolurea 34 5 91,9 0 9,1
Formaldehyde — 3,0 10 75 91.9 0 9.1
Urea -0
Water — 60,0 20 88,9 2,0 9,1
30 77,0 18,0 5,0
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The studies carried out to determine the change in the composition of the
products of drying of methylenedimourea pulp in thin layers in the temperature
range 70-95 °C, the pH of solutions of 6.5-7.4 and the process time of 2-30 mi-
nutes have shown the possibility of obtaining a solid product of stable compo-
sition that is not condensed.

Thus, optimal conditions for the preparation of solid individual low-mole-
cular-weight UFC - monomethylol-, dimethylolurea, methylene-diureas of stable
composition were determined: the pH of UFC solutions was 6.8-7.4, the tempera-
ture was 70-90 °C, the drying time of UFC solutions in thin layers was 2-10 mi-
nutes. For drying solutions of UFC to obtain solid products, a spray dryer is re-
commended.

For the justification of the technology of preparation of multifunctional
action compounds, based on low molecular weight UFC and zinc acetate, studies
have also been carried out to change the composition of the preparations depen-
ding on the temperature, pH and drying time in thin layers of saturated solutions
of double salts.

To carry out the research, solutions of 20% concentrationof polyfunctional
action preparations - double compounds based on monomethylol-, dimethylol
ureas and 20% pulps based on methylene-diureas were used. The experiments
were carried out as follows. Model solutions of double UFC compounds with zinc
acetate were deposited in a thin layer on the surface at a temperature of 70, 90,
95 °C and the products were dried for 2-30 minutes.

In the first stage of the experiment drying of solutions of double compounds
in thin layers was carried out in the temperature range 70-95 °C, pH of solutions
5.5-7.0 for a constant time equal to 2 minutes.

The results of studies of products based on monomethylol- and dimethylol
ureas are presented in tables 6 and 7. When drying solutions of a double com-
pound based on monomethylol urea and zinc acetate (Table 6) at pH 5.5-6.0 in the
temperature range 70-95 °C, stable product, the amount of methylol formaldehyde
was 65-92%, and methylene 8-35%.

At the pH value 6.5-7.0 of solutions at the temperature range from 70 to
90 °C there is no hydrolysis of the double compound and the formation of con-
densation products, as indicated by a 100% content in the final product of
methylol formaldehyde. Increasing the drying temperature to 95 °C promotes
the polycondensation of monomethylolurea in the composition of the double
salt. This is evidenced by a decrease in the amount of methylol formaldehyde
to 90-92% and the formation of 8.0-10.0% methylene formaldehyde in the
product.

Thus, during the drying process 2 minute of a solution of a double compound
based on monomethylolurea and zinc acetate at the temperature range from 70 to
90 °C and pH 6.5-7.0, hydrolysis of the product and condensation of mono-
methylolurea does not occur. Conditions obtaining a preparation of multifunc-
tional action of stable composition.
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Table 6 — Content of methylol and methylene formaldehyde in the product of drying
of a double compound based on monomethylolurea and zinc acetate

Experiment conditions Fragment forms of formaldehyde in the product,% mass
pH temperature, °C methylol Methylene
70 86 14
5,5 90 72 28
95 65 35
70 92 8
6,0 90 86 14
95 76 24
70 100
6,5 90 100
95 90 10
70 100
7,0 90 100
95 92

The next stage of the experiment, the composition of the products, depending
on the drying time of model solutions of a double compound based on mono-
methylolurea and zinc acetate in the time interval from 2 to 40 minutes, at iso-
thermic condition (75 °C) and pH 7.0 were determined.

Table 7 — Containing the methylol and methylene forms of formaldehyde in the product
after drying of a double compound based on dimethylolurea and zinc acetate

Experiment conditions Fragment forms of formaldehyde in the product,% mass
pH temperature, °C methylol Methylene
70 81 19
5,5 90 69 31
95 62 38
70 86 14
6,0 90 82 18
95 73 27
70 100
6,5 90 100
95 83 17
70 100
7,0 90 100
95 86 14
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It was found that at a drying temperature of solutions which prepared at
75 °C and pH 7.0, a product of stable composition can be obtained during the
drying time from 2 to 10 minutes. Increasing the time of heat treatment of
solution of the double compound to 20-30 minutes leads to the condensation of
monome-thylolurea to 5.8% of the total formaldehyde content. During the drying
time from 40 minute, the amount of condensation product of the latter was 10.8%.

Table 7 presents the obtained data on the change in the composition of the
drying products of solutions of a double compound based on dimethylolurea and
zinc acetate depending on pH and temperature. The drying time of the products
was conducted during 2 minutes.

From the data obtained, it follows that the patterns of variation in the com-
position of the double compound by methylol and methylene formaldehyde are
similar to those for a double compound based on monomethylol urea and zinc
acetate. However, the amount of formed methylene formaldehyde in the product
is greater. This indicates a less stable product at high temperatures of 90-95 °C.

Conclusion. The optimal conditions of drying process to preparation pro-
ducts of stable composition based on dimethylol urea and zinc acetate are pH 6.5-
7.0, temperature 70-90 °C. The studies carried out to determine the change in the
composition of the products during the drying process of the solutions of the pre-
paration for 2-40 minutes at a constant temperature 75 °C and pH of solution 7.0.
It show that during the drying time from 2 to10 minutes at temperature 75 °C, the
products are stable and do not undergo hydrolysis and polycondensation in the
future . Drying the samples for 20-40 minutes lead to formation of of methylene
formaldehyde in the products about 7.0-12.0%.

Studies on drying solutions of a double compound based on dimethylenourea
and zinc acetate in thin layers the temperature range from 70 to 90 °C, pH
solutions 5.5-7.0 and drying time about 2 to 20 minutes have shown the possi-
bility of obtaining a product of stable composition which does not undergo to
polycondensation.

Thus, the optimal conditions for the preparation of solid compounds based on
monomethylol-, dimethylol- and methylenedimourenes of stable composition at
pH solutions about 6.5 to 7.0, the temperature from 70 to 90 °C, drying time of
solutions of double compounds based on UFC 2-10 minutes have been deter-
mined. These studies allow the recommendation for spray drying and drying of
solutions of compounds based on UFC and zinc acetate to obtain solid products.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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JKEKE MOYEBUHO-O®OPMAJIBAETMATIK KOCBUIBICTAP MEH OJIAP/IbIH
HETI3IHJIE MBIPBIII AITETATBIMEH TTOJIM®YHKIIMOHAJIIbI OPEKETTI
IPEITAPATTAP AJIY AbIH ®U3NKA-XUMUWAJIBIK TEXHOJIOT' A HETT3AEPI

TemeHMoJEeKyIaIBI MOYEBHHO-(POPMAIIBAETUATI KOCBUIBICTAD — MOHOMETHIIOIMO-
YeBHHA JTMMETHIIONIMOYEBHHA JKOHE METHIICHIMMOUYCBHHAHBIH, COHBIMEH KaTap OJIApIbIH
HETI3IH/e MBIPBIII aleTaThIMeH MONM(YHKIMOHAIIR 9PEKETTI NperaparTapibl KyKa
KabaTTa KenTipyIiH OHTaWibl mapameTpiiepi aHskTamabl. Kipic mapamerpnepi: pH 6,5—
7,4, temneparypacsl 70-95 °C xenripy y3akTeirbl 2-40 muH. LlbFeic mapamertpiepi:
METHIIONABI, METHIICH I (POPMAIbACTHITEP Ma3MYHBI, €pKiH MOYECBHHA.

KenrripyniH oHTaiinel mapamerpiepine xaramel: pH-6,5-7,0 epitiHminep, Teme-
patypa 70-90 °C, kenTipy y3akreibl 2-10 mMunyT. JKyprisiiren seprreyiep aepexrepi
KaTThl MOYCBHHO(OPMANIBIACTHATI KOCBUIBICTAP, COHBIMEH KaTap OJapiAblH HETIi3iHIe
MBIpBIII aleTaThIMEH MOJU(YHKIMOHAIIBI SPEKETTI Ipenaparrap aiy yliiH Oypkeyii
KENTIPTillTi YChIHYFa MYMKIHAIK Oepeti.

Tyiiin ce3mep: MoueBHHO-(DOPMaIBICTH/ATI KOCBUIBICTAP, KENTipy, (azanbik Kypam
e3repicTepi, IMOJMKOHAeHCAIHs, OYpKeyIi KeNTiprimnl.

Pe3rome
@. P. Epmaxanosa, C. Yemanos, I'. T. Omaposa

OU3UKO-XUMHNYECKUE OCHOBBI TEXHOJIOTUU ITOJIYYEHUA
WHJIUBUY AJIbHBIX MOUYEBHMHO-®OPMAJILATMIHBIX COEJJUHEHUA,
[IPEITAPATOB IMOJIM®YHKIIMOHAJILHOI'O JIEUCTBUS
HA X OCHOBE U ALIETATA [IUHKA

OmnpeneneHsl ONTHMANBHBIE TTapaMeTpbl CYHIKM B TOHKHX CJIOSIX HHU3KOMOJIEKY-
JISIPHBIX MOYEBUHO-()OPMABECTHIHBIX COCTMHEHHN — MOHOMETHIIOJIMOYECBHHBI, IUMETH-
JIOJIMOYEBMHBI M METHJICHIMMOYECBHHBI, a TaKXKe MpPEnaparoB MOJH(yHKINOHAIBLHOTO
JICHCTBUS Ha WX OCHOBE W areraTa NWHKA. BxomHeiMu mapamerpamu Obuta: pH 6,5-7.4,
temreparypa 70-95 °C ¥ NpomoDKUTENBHOCTL CymKU 2-40 MuH. BBIXOAHBIE TapaMer-
PBI: coziepKaHNEe METHIIOIBHOTO, METHIIEHOBOTO (hOpMaNbIeTuia, CBOOOTHONH MOUEBHHBI.

OnTuMadbHBEIMHA TIapaMeTpaMu CYIIKH SIBIITHCH: pH pactBopoB 6,5-7,0, Temmnepa-
typa 70-90°C, npoao/DKUTENBLHOCTS CYLIKU pacTBOPOB 2—10 MuH. J[aHHbIE TIPOBEAEHHbIX
UCCJIEJIOBAaHUHN MO3BOJISIIOT PEKOMEH/IOBATh PACHBUIMTEIBHYIO CYIIWIIKY AJISl MOJTyYeHHs
TBEPABIX MOYEBUHO-(POPMAIBIETUIHBIX COCTUHEHHH, a TakXKe IMpernaparoB MONU(YHK-
LMOHAJILHOTO CHCTBUS HA MX OCHOBE M alleTara IMHKa.

KnaioueBbie cinoBa: MoueBHHO-(OpPMabICTHIHbIE COEJANHEHUs, MPOLECC CYIIKH,
n3MeHeHHs (a30BOro COCTaBa, MPOIECcC MOJIMKOHACHCAIINH, PACTIBIIITENbHAS CYIIHIIKA.
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APPLICATION NATURAL ORE MATERIALS
AS CATALYSTS AT HYDROGENATION
OF KENDERLYK COAL

Abstract. This work discusses the effect of bauxites as catalysts of hydrogenation of
the coal from Kenderlyk deposit. According obtained results output of liquid and gaseous
products increased with the increase of iron content in the catalyst was established. Also,
dependent output of liquid products on the temperature at the various catalyst mass have
been studied. It was shown the increase of the catalyst mass due to increase of liquid
products by 50% in comparison without catalyst.

Key words: coal, Kenderlyk, catalyst, bauxite.

Introduction. The concept of coal hydrogenation catalyst has indefinite,
often conditional meaning, since this process involves many chemical reactions
(destruction of coal multi-structure, activation of molecular hydrogen, its inter-
action with coal substance, etc.) and the compounds and mixtures used as a
catalyst which undergo irreversible changes. The objective of development of
active catalysts is complicated by small level of knowledge in molecular and
supramolecular structure of coal, causes of high reactive power when heating, and
the nature of transformation of coal substances [1, 2].

It is commonly supposed that the coal hydrogenation catalysts comprise
compounds that promote the increase of level of transformation of coal into liquid
products soluble in benzene. Such compounds include oxides, sulfides of metals
with mixed valence (Mo, W, Co, Ni, Fe, etc.), natural formations, production
wastes and their compounds [3-5].

Recently, there are ongoing studies of possibility to apply the wastes of
metallurgical industry and natural ore materials as catalysts of coal liquefaction.
In some cases, for activation of ore catalytic systems are used sulfur and sulfur
compounds or various natural additives containing nickel, cobalt and molyb-
denum. The economic feasibility of the use of such catalytic systems resides in
their law cost, availability, avoidance of catalyst extraction from hydrogenation
mud [6].

The variety of combinations of micro- and macro-components in natural ore
materials, changes of their content and structure at the stage of enrichment and
preliminary processing for production assume availability of wide range of
catalytic properties both of interim products and mill tailings [7].
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EXPERIMENT

As an object of hydrogenation study it was decided to select the coal
from Kenderlyk deposit with the following physical and chemical properties:
W — 8,0 %; A~ 15,2 %; V™'~ 38,2 %; C*™' - 65,2 %; H™ 3,9 %; N* 1,7 %;
Q%f — 7244 kcal/mol.

The testing of catalytic properties for coal hydrogenation involved Turgai
bauxite with different iron content and red mud (wastes from processing of
bauxite ore from Pavlodar Aluminum Plant). The testing was performed at flow
unit with the chamber of 100 cm”.

RESULTS AND DISCUSSION

The results of testing of Turgai bauxite and red mud for hydrogenation of
Kenderlyk coal are shown in table 1. As is seen from the table, the most active
catalyst is Turgai bauxite — 094 and red mud. The catalytic activity of the tested
catalysts was evaluated against output of liquid products (OLP). In coal hydro-
genation without a catalyst OLP was 38.1% from coal amount upon distillation of
the generated mass after the test within the temperature range from 80 to 320 °C
without use of vacuum. At the same time the main amount of the liquid product
(LP) (50-60 %wt) comprise high-boiling fraction (250-320 °C).

According to the obtained extreme values (figurel), an output of valuable
liquid and gaseous products is increasing with the increase of ore content in the
catalyst.

An optimal way that may be considered is the use of bauxite 094, which
application leads to production of 53.1 % of liquid products and 45.5 % of gas
from mud with the loss of 3.2 %.

As is seen from figure 1, OLP has linear dependence on the ore content in the
catalyst (R*=0.765). Therefore, further testing was performed on bauxite 094
catalyst.

Table 1 — Effect of catalyst nature on output of liquid products
from hydrogenation of Kenderlyk coal

Catalyst Chemical composition Slg E?eq OJ;OP’ Shiige, Log/i s,
catalyst,%

Without catalyst - 38,1 53,9 8,0
Bauxite 706 | Fe,O; — SiO, — ALO; — TiO, 1,55 42,0 | 508 7,2
Bauxite 710 | Fe,0; — SiO, — AL,O; 10,29 44,0 | 493 6,7
Bauxite 916 | Fe,O; — SiO, — ALOs 11,55 46,5 | 47,7 5,8
Bauxite 704 | Fe,0; — SiO, — AL,O; 14,40 47,6 | 54,6 2,8
Bauxite 094 | Fe,O5 — SiO, — ALO; 16,59 513 | 455 3.2
Bauxite 110 | Fe,0; — SiO; — ALLO; — TiO, 16,94 49,2 | 443 6,5
Red mud Fe,0; — SiO, — Al,O;3 — TiO; — MnO, 28,40 49,6 | 45,7 6,3
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Figure 1 — Dependence of output of liquid products (OLP) on Fe content in the catalyst

An output of LP within wide range of temperatures (from 350 to 440 °C)
upon contacting with bauxite 094 is 31.7 to 51.3% (table 2). At the same time, LP
output is increasing at the range temperature from 350 to 420 °C, and above the
420 °C, the output decrease (figure 2) This, presumably, happens due to the fact
that at >420 °C the side processes are identified, particularly, generation of gas
and semi-coke. An output of light fraction is also symbatically increasing (3.1 %
to 8.0 %) with the increase of temperature from 350 to 420 °C with further
decrease.

Therefore, an optimal temperature of hydrogenation reaction for Kenderly
coal is the temperature within 400-420 °C, at which further tests have been
performed.

A positive effect on transformation of coal in hydrogenation under low
pressure provides the amount of catalyst (table 3). With the increase of the
catalyst amount from 0.34 to 0.67 g an output of liquid products is increasing
more than twice and further increase of the catalyst amount to 1.68 g does not
affect liquid products output. Based on the data of table 3 we produced diagrams

Table 2 — Effect of temperature on output of liquid products from hydrogenation of coal
(Mg =10 g, mpy=20 g, m,=0,67, =30 min., Kt- bauxite 094)

0,

T, | Pow | Vew OLP.%
o MPa 1 to 180- 1250-320 [ 5 Sludge, | Losses,

180°C | 250°C °C p % %
350 1,1 1.8 2,4 3,1 26,2 31,7 64,8 3,5
385 2,1 38 4,6 52 31,5 41,3 55,1 3,6
400 2,6 46 44 5,0 36,9 46,3 51,0 2,7
420 38 4,0 14,4 9,0 27,9 51,3 455 3.2
440 44 9,0 10,2 7.8 22,5 40,5 54.4 5,1
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Figure 2- Dependence of output of liquid products on process temperature.

Table 3 — Effect of catalyst amount (bauxite-094) on output of LP from hydrogenation
(Meoe=10 g, mpy=20 g, T=420 °C, t=30 min)

OLP,%
Mass of P Vears 5 Sludg Losses,
catalyst,g | MPa 1 to 180-250 | 250-320 fractio | © % %
180°C | °C °C i

- 2,8 3,1 5,7 6,5 14,5 26,7 67,2 6,1
0,34 2,0 4,2 6,2 7,3 14,8 28,3 66,9 4,8
0,67 3.8 5,0 14,4 9,0 27,9 513 | 455 32
1,0 3,9 5.1 11,7 11,2 14,7 37,6 | 58,2 42
1,34 4,2 6,0 15,6 8,1 23,6 473 45,4 73

of dependence of catalyst amount (figure 3) and pressure (figure 4) on the output
of liquid products.

Conclusion. Thus, based on the obtained results there could be made a con-
clusion on sufficiently high activity of Turgai bauxite 094 in hydrogenation of
coal from Kenderlyk deposit, where its activity depends on of iron content in the
catalist. It was demonstrated that with increase of catalyst mass to 0.67 g an
output of liquid products is increasing almost by 50% in comparison with the
process without a catalyst.
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Figure 4 — Dependence of output of liquid products on process pressure
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Pe3ome
K. K. Kaupberos, H. M. [[xcenovibaesa, J. T. Epmonouna

KEHAEPJIIK KEH OPHBI KOMIPIH I'M/IPOI'EH/IEY YPIICIHE
KATAJIM3ATOP PETIHJAE TABUFU KEH/II MATEPUAJIIAP/IbI KOJIJIAHY

Bepinren xymbicta «Kenaepiik» KeH OpHBI KOMIpiH IZIpOTeH/Iey YpIICiHE KaTaiu-
3aTop peTiHge OOKCHUTTEpIiH acepi KapacThIpbUFaH. AJIBIHFaH TKIPHOEIIK JepeKTepre
colikec, Oaraipl CYHBIK JKOHE Tra3 Topi3Zl eHIMIEpAiH MIBIFBIMBI KaTaln3aTOpIbIH Kypa-
MBIHIAFBl TEMIpIiH XOFapeUiaybIMeH apTa Tycemi. CoHmail-ak CYWBIK OHIMIEPIiH TeM-
mepaTypachkl MEH KaTalll3aTop MaccachlHa TOyemaiiiri 3eprreminai. Karammsarop macca-
CBIHBIH YJIFAlOBIMECH CYHBIK OHIMJACpPHIH IIBIFYBIH KaTalu3aTOPChI3 OHIEYre KaparaHIa
50%-ra apTTBIpYy OaiiKanasbl.

Tyiiin ce3nep: kemip, Kennepiik, karanuzarop, OOKCHT.

Pe3rome
K. K. Kaupbexos, U. M. [lxcenovibaesa, J. T. Epmonouna

IMPUMEHEHUE ITPUPOJHBIX PYJHBIX MATEPUAJIOB B KAUECTBE
KATAJIM3ATOPOB I'MIJIPOTEHU3AIIMM KEHJIEPJIBIKCKOI'O YTJIA

PaccMoTtpeHo BimsiHHE OOKCHTOB B Ka4EeCTBE KaTaIM3aTOPOB THMAPOTCHHU3AIMH YTIIS
MectopoxkaeHus «Kenaepnsix». COrgacHO MOMYYEHHBIM 3KCIEPHMEHTATBHBIM JTaHHBIM,
YCTaHOBJICHO, YTO BBIXOJ IICHHBIX KHAKHX WU Ta3000pa3HBIX MPOAYKTOB IMOBHIMACTCS C
YBEIIMUYEHUEM COJZIEpKaHUs jKelle3a B KatanuzaTope. Takxke Oblla HCCleOBaHA 3aBHCHU-
MOCTb BBIXOZA >KMJKUX MPOJIYKTOB OT TEMIIepaTyphl U OT Macchl kKaranu3atopa. Iloka-
3aHO, YTO C YBEIMYEHHUEM MacChl KaTaau3aTopa HaOJIoJaeTcs yBEIMUYEHHE BBIXOJA JKUJI-
KUX IIPOAYKTOB Ha 50 % 10 CpaBHEHUIO ¢ OCYILIECTBICHUEM Hpoliecca 0e3 KaTaau3aTopa.

Karouessie cioBa: yromns, Kennepisik, karannzaTop, OOKCHT.
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STUDY OF THE TECHNOLOGY FOR THE PRODUCTION
OF INDIVIDUAL URINE-FORMALDEHYDE COMPOUNDS
OF MULTIFUNCTIONAL ACTION ON THE BASIS
OF UFC AND ZINC ACETATE IN SPRAY DRYER

Abstract. This article presents studies of the process of obtaining low-molecular
urea-formaldehyde compounds, drugs of multifunctional action on the basis of low-
molecular urea-formaldehyde compounds and zinc acetate in a spray dryer. Optimum
technological parameters of their production are determined. The temperature of the heat
carrier is 250-30 °C, the temperature in the reaction zone is 70-90 °C, the moisture content
of the obtained products is 1-4%.

Key words: urea formaldehyde compounds, zinc acetate, drugs of multifunctional
action, drying process, phase composition changes, polycondensation process, spray.

Introduction. Urea-formaldehyde compounds and fertilizers based on them
are obtained in a drying drum, a drum-granulator-dryer, under fluidized bed con-
ditions [1-3]. Obtaining of these fertilizers in the form of a powder for low-ton-
nage chemistry would become great practical tool for the field of chemistry and
industrial chemistry.

The task of the search was study the process of obtaining low-molecular
urea-formaldehyde compounds (UFC) — monomethylolurea, dimethylolurea,
methylene-diurea and multifunctional action compounds such as a zinc acetate in
powder form.

EXPERIMENT

A pilot plant the main unit of which is a spray dryer is represented in figure.
The pulps of UFC and drugs of multifunctional action based on them and zinc
acetate were obtained in a tank heated reactor with a stirrer (1), where water, UFC
and zinc acetate were supplied based on the calculation of 20% pulp. By feeding
the heating steam into the jacket of the reactor, the pulp temperature was
maintained at 40-45 °C, at which the pulp was well mobile.

As drugs of multifunctional action based on UFC and zinc acetate, double
compounds obtained on the basis of monomethylolurea and zinc acetate, dime-
thylolurea and zinc acetate obtained at molar ratios of 1: 1, as well as methylene-
diurea of 4 molecules and 1 molecule of zinc acetate were used.

Further pulps from the tank (1) was fed to the pressure vessel (2), from
where it was dosed to the central disk of the spray dryer (5) by the means of a
calibrated valve (3). The rotational speed of the disk was 30,000 rpm and was
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Experimental installation for the production of urea-formaldehyde compounds
and compounds of multifunctional action containing zinc acetate:
1 - capacity for the preparation of UFC pulps and drugs of multifunctional action based
on them and zinc acetate, 2 - pressure vessel, 3 - valve, 4 - central disk, 5 - spray dryer,
6 - regulator, 7 - amperemeter, 8 - dryers, 9 - fan, 10 - (calorifer) heater, 11 - potentiometer,
12 - temperature controller, 13 - outlet, 14 - cyclone separator, 15 container

varied by a regulator (6), the control was performed by means of a calibrated
ampermeter (7). The pulp was sprayed into the apparatus with the aid of a disk to
a foggy state. To dry the pulp through the dryers (8) located in the ceiling of the
dryer, a coolant was introduced- hot air with a temperature of 150-350 °C, fed to
the unit by a fan (9) through the heater (10). The air temperature was fixed by a
potentiometer (11) and regulated by a temperature regulator (12).

By mixing hot air with pulverized pulps, a high intensity of moisture
evaporation and the formation of the product in the form of a powder are achie-
ved. Powdered UFC and compounds of multifunctional action together with moist
air through the outlet pipe (13) in the conical bottom of the dryer enter the cyc-
lone separator (14), from which they were poured into the container (15), and the
moist air entered the stage of dust and gas cleaning. The temperature of the moist
humid air was fixed by a thermo couple and controlled by a potentiometer (11).

RESULTS AND DISCUSSION

To determine the optimum temperature regime for the preparation of pow-
dered preparations in a spray dryer, studies were performed in which the tempe-
rature of the coolant was varied in the range 150-350 °C. In the framework of the
experiment, the concentration of UFC pulps and compounds of multifunctional
action on their basis and zinc acetate was 20%, pH 6.8-7.0, loading on the pulp 7-
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10 kg/h, air consumption for drying 150-200 m’/h, the rotational speed of the disk
is 30000 rpm.

When a coolant with a temperature of 150-200 °C was applied to the spray
dryer, caking occurred in the apparatus due to insufficient drying of the com-
pounds having a temperature of 55-60 °C. When the temperature of the drying
agent is increased to 250-300 °C, agglomeration and clumping of products are
eliminated, the temperature of the material in the apparatus increases to 70-90 °C,
which makes it possible to obtain in the spray dryer a well-flowing powdery UFC
and compounds of multifunctional action based on them and zinc acetate. When
the coolant is supplied to the apparatus with a higher temperature of 300-350 °C,
the temperature of the material in the apparatus increases to 95-110 °C, which
leads to fusion of mono- and dimethylolurea, to the partial decomposition of UFC
and, as a result, to increased losses of formaldehyde to the gas phase.

Thus, the temperature of the coolant when powdered preparations based on
UFC is obtained in the spray dryer must not exceed 250-300 °C at the inlet to the
apparatus, in which the optimum temperature regime of the process and the mi-
nimal thermal decomposition of UFC are maintained in the dryer.

Table 1 displays the composition of the drying product of monomethylolurea
pulp and the quantitative characteristics of gas phase to be related to formal-
dehyde and product dust. It was found that at a pH of 7.0 and a product tempera-
ture of 70-90 °C, condensation of the product is excluded and a product of stable
composition can be obtained.

Table 1 — Composition of the drying product of the monomethylolurea pulp
in a spray dryer and the composition and concentration of gas phase

Composition of the product, Composition and concen-
Parameter . 3
mass % tration of gas phase, mg/m
H Product Monome- | Condensation Free Formal- Dust
P temperature, °C | thylolurea product urea dehyde products
70 97,5 0 2,5 100 200
7,0 90 97,5 0 2,5 100 300
95 97,5 1,0 2,5 110 400
70 97,5 0 2,5 100 250
6,8 90 97,5 0,5 2,5 110 350
95 94,0 3,5 2,5 120 500

Characteristically, with an increase in the temperature of monomethylolurea
in the apparatus to 95 °C, a minimal change in its composition occurs, the content
of the condensation product is 1.0%, whereas in the production of solid mono-
methylolurea by the thin layer method, under laboratory conditions, the mass
fraction of the condensation product is 3.0-5,0%. This is apparently due to the fact
that the drying of UFC solutions in the spray dryer is rapid, within a second they
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lose moisture and settle in the form of fine powder particles, this almost instan-
taneous dehydration of the product leads to a slowdown of the condensation
process. The decrease in pH in the supplied monomethylolurea solutions to the
apparatus up to 6.8 contributes to the condensation process when drying the pro-
duct at a temperature of 95 °C, the condensate content is 3.5%.

However, this parameter is 2-3 times less than in case of thin-layer drying of
monomethylolurea. This also confirms that rapid dehydration of the product
reduces the course of the polycondensation reaction.

In optimal conditions of the technology of production in exhaust gases after
spray dryer in the production of powdered monomethylolurea, the formaldehyde
concentration is 100 mg/m’ and the dust of the product is 200-250 mg/m’, which
must be disposed.

In the production of powdered dimethylolurea in a spray dryer, the product
of stable composition was obtained at the range temperature from 220 to 370 °C
then supplied to coolant apparatus and the product has temperature about 70-90°C
and pH 6.8-7.0 (table 2).

Table 2 — Composition of the product at drying of pulp dimethylolurea
in a spray dryer and composition of gas phase

Experiment Composition of the product, Composition and concentration
conditions mass % of the gas phase, mg/m’
Product Monome- | Condensation | Free Dust

pH temperature, °C | thylolurea product urea Formal-dehyde products

70 90,9 0 9,1 150 220
7,0 90 90,9 0 9,1 150 340
95 88,4 2,0 9,6 160 400
70 91,9 0 8,1 150 260
6,8 90 90,9 0 9,1 150 370
95 85,0 4,2 10,8 170 500

An increase in the product temperature in the drier to 95 °C promotes the
polycondensation of dimethylolurea, the content of the condensation product is
2.0-4.2%. In the gas phase, after the spray dryer under optimal conditions for the
production of dimethylolurea powder, 150 mg/m’ of formaldehyde and 220-370
mg/m’ of product dust are contained.

When a powder of methylene-diurea was obtained in a spray dryer at a pH of
the pulp of 6.8-7.0, a product of stable composition was obtained in the tempe-
rature range 70-95°C, and its condensation was eliminated. In the exhaust gases
after the spray dryer, formaldehyde is absent and the product dust contains 220-
370 mg/m’.

Thus, the process of obtaining powdered UFC - mono-, dimethylol-, methy-
lene-diurea in a spray dryer was studied. Optimum technological parameters of
the process of drying products with residual moisture content of 1.0-1.5% with a
high yield of a stable composition product were determined (table 3).
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Table 3 — Optimum technological parameters of the process for the production
of powdered urea-formaldehyde compounds in a spray dryer

# Parameters Unit Value
Temperature:
a) of coolant at the inlet to the spray dryer °C 250-300
1 b) of coolant at the outlet from the dryer °C 80-90
¢) UFC pulp °C 40-45
d) powdered product of MPS in the reaction zone °C 70-90
2 | UFC pulp concentration % 20
3 | UFC pulp load kg/h 7-10
4 | pH of the UFC pulp 6,8-7,0
5 | The residence time of the product in the reaction zone minutes 2-5
6 | The moisture content in the powdered product % 1,0-1,5
7 | Air consumption for drying m’/h 150-200
8 | Productivity kg/h 2-3

In the process of studies on the preparation of compounds based on low
molecular weight UFC and zinc acetate in a spray dryer, the task was also to stu-
dy the effect of technological process parameters on the composition of finished
products, determine the amount and composition of gas emissions after the dryer.

When multifunctional action compounds based on mono- and dimethylolurea
and zinc acetate are obtained in the spray dryer in the temperature range of the
material in the reaction zone of the apparatus 70-90 °C and pH 6.5-7.0, hydrolysis
and condensation of methylol formaldehyde in the composition of binary salts is
excluded and it is possible to obtain powdered compounds of stable composition
(table 4). It should be noted that an increase in the temperature of the compounds
in the drier to 95 °C results in a relatively small degree of polycondensation of
mono- and dimethylolurea in the composition of binary salts, as a result of which
the mass fraction of methylol formaldehyde in the product based on mono-
methylolurea and zinc acetate is reduced to 95.0-98, 5% and the formation of 1,5-
5,0% methylene formaldehyde, in the case of the preparation based on dimethy-
lolurea, methylol formaldehyde decreases to 4.5-9.0%. Whereas in the preparation
of solid compounds based on mono-, dimethylolurea and zinc acetate under labo-
ratory conditions by drying in thin layers at pH of salts of 6.5-7.0 and a tempe-
rature of 95 °C, the mass fraction of methylene formaldehyde in products was 8-
10% and 14 -17% respectively. This can be explained by the fact that the drying
of pulp compounds based on mono- and dimethylolurea in a spray dryer occurs
almost instantaneously, within a fraction of a second they lose moisture and settle
in the form of fine powder particles; this rapid dehydration of the products helps
to inhibit the condensation process.
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Table 4 — The content of methylol and methylene formaldehyde
in the pulp drying products of compounds based
on mono-, and dimethylolurea, zinc acetate
in a spray dryer and the composition of the gas phase

Mass fraction Concentration
Experiment conditions of formaldehyde of the gas phase,
Double in the product,% mg/m’
connection
Product’s Formal- | Product

pH temperature, °C Methylol | Methylene dehyde dust

70 100,0 0 55 200

7.0 90 100,0 0 55 280

Monome- 95 98,5 1,5 70 360
thylolurea

zinc acetate 70 100,0 0 60 230

6,5 90 100,0 0 60 300

95 95,0 5,0 80 450

70 100,0 0 70 240

7.0 90 100,0 0 70 350

Dimethylolurea 95 95,0 4,5 90 430

zinc acetate 70 100,0 0 85 250

6,5 90 100,0 0 85 380

95 91,0 9,0 100 470

In the exhaust gases after the spray dryer for the preparation of powder
formulations based on mono- and dimethylolurea, zinc acetate, the concentration
of formaldehyde is 55-85 mg/m’ and the dust of the product is 200-380 mg/m’,
which must be disposed of.

In the preparation of a preparation based on methylene-diurea and zinc
acetate in a spray dryer at a pH of 6.5-7.0 in the temperature range of 70-95 °C,
hydrolysis of the product and condensation of methylene-diuria in the compo-
sition of the double compound does not occur, and conditions for obtaining a
preparation of stable composition are provided. In the exhaust gases after the
spray dryer in the preparation of the drug based on methylene-diurea, formal-
dehyde is absent, contains 200-300 mg/m’ of the product dust. The optimum
technological parameters of the drying process of the products were determined,
ensuring the preparation of multifunctional action compounds of stable com-
position based on UFC and zinc acetate (table 5).
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Table 5 — Optimum technological parameters of the process for the preparation
of powder compounds based on urea-formaldehyde compounds and zinc acetate in a spray dryer

# Parameters Unit Values
Temperature:
a) of coolant at the inlet to spray dryer °C 250-300
1 b) coolant at the outlet from the dryer °C 80-90
¢) pulp of the preparation °C 40-45
d) a powdered preparation in the reaction zone °C 70-90
2 | Concentration of pulp % 20
3 | Load on the pulp of the preparation kg/h 6-10
4 | pH of the drug's pulp 6,5-7,0
5 "Zlgl;:eresidence time of the preparation in the reaction minutes 2.5
6 | The moisture content % 2,0-4,0
7 | Air consumption for drying m’/h 150-200
8 | Productivity kg/h 2-4

Conclusion. Thus, the optimal technological parameters for the preparation
of low molecular weight MPS — monomethylolurea, dimethylolurea, methylene-
diurea and multifunctional action compounds based on them and zinc acetate in a
spray dryer, are obtained in which a qualitative, loose product is obtained: the
temperature of the heat carrier is 250-300 ° C, the temperature in the reaction
zone of the 70- 90 °C, the moisture content of the obtained products is 1-4%. The
off-gas contains 55-150 mg/m’ of formaldehyde and 200-380 mg/m’ of product
dust, which must be disposed.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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Pe3iome
@. P. Epmaxanosa, C. ¥cmanos, I'. T. Omaposa

KEKE MOYEBHNHO-®OPMAJIBAEI' MATIK KOCBIJIBICTAP MEH
OJIAP/IbIH HET'T3IHAE MBIPBIII AIIETATBIMEH TTOJIM®YHKIITMOHAJIIbI
OPEKETTI ITPEITAPATTAP AJIYAbIH TEXHOJIOI'MACBIH 3EPTTEY

Makanaga TeOMEHMOJIEKYJaabl MOYEeBUHO-(GOpMaNbIETUATIK KOCBUIBICTAD MEH
OJIAp/IbIH HETI31HJIe MBIPBIII AleTaThIMEH MOJM(YHKIMOHAIIBI OPEKETTI pernapaTTapibl
OYpKeyII KeNTipriliTe any MpoIecCiHiy 3epTTeynepl kepcerinred. Omapabl anyIblH OH-
TaNJIbl TEXHOJOTHAIBIK, IIapaMeTpIIepi: KbUTyyCTarbii Temueparypacst 250-300 °C, peak-
UsUTBIK anania temmeparypacst 70-90 °C, anblHFaH OHIMIEPIiH bUIFaIIbUIBIFSL 1-4%.

Tyiiin ce3aep: MoueBHHO-(OPMANBAECTHATI KOCBUIBICTAp, MBIPHIII alleTaThl, MOJIH-
(YHKIIMOHAIIBI OPEKeTTI MperaparTap, KenTipy mporeci, Ga3aiblKk KypaMm e3repicrepi,
TTOTMKOHICHCAITUS TIPOIeCcCi, OypKeyIIi KeNTiprimI.

Pe3rome

@. P. Epmaxanosa, C. Yemanos, I'. T. Omaposa

NCCIEJOBAHUME TEXHOJIOI'MU ITOJIYUEHNA MHANBUAY AJIBHBIX
MOUYEBHHO-®OPMAJIbAETMIHbIX COEJIJMHEHUI 1
[IPEITAPATOB ITOJIN®YHKIIMOHAJIBHOI'O JEMCTBUS HA X OCHOBE
U ALIETATA IITUHKA B PACITBUIMTEJIBHOM CYIIWJIKE

HccnenoBan mpoliece MOMyYeHHs: HU3KOMOJICKYJSIPHBIX MOUYEBHHO(OpMAIbIETH -
HBIX COEIMHEHUIA, TIpenapaToB MONU(pYHKIIMOHAIBHOTO ICHCTBUS HA UX OCHOBE M aleraTa
IIUHKAa B paCHBIJ'[PITeJ'[BHOﬁ CYIIHNIIKE. OnpeneneHH ONTUMAJIbHBIC TEXHOJOTHYCCKHUE ITapa-
METPBI MX MOJIYYEHHs:: Temreparypa remtoHocutens 250-300 °C, remmeparypa B peak-
ronHo# 30He 70-90 °C, BnarocoaepkaHue MoNyYeHHBIX TPOAYKTOB 1-4%.

KaioueBsbie ciioBa: MoueBHHO-(OPMaIbACTUAHBIE COSANHEHUS, alleTaT [IMHKa, 1pe-
rapaThbl MOJIM(pYHKIIMOHAIBEHOTO AEHCTBUS, TIPOLecC CYIIKH, U3MEHEeHHs (Pa30BOro cocra-
Ba, MTPOIIECC MOJIMKOHICHCAINH, PACTIBUIUTENbHAS CYIIMIKA.
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YK 677.027
F. R. TASHMUKHAMEDOV, A. Zh. KUTZHANOVA

Almaty technological university, Almaty, Republic of Kazakhstan

CONTINUOUS DYEING OF CELLULOSIC TEXTILE
BY RUBIA TINCTORUM EXTRACT USING
SOL-GEL METHOD

Abstract. In this article considers a new method of dyeing cotton fabrics using sol-
gel method wiht natural plant origin dyes. The modified sol-gel method, allowing forma-
tion on the fiber a functional barrier coating of silicon oxide, which includes a plant dye.
Application of this fixation method allows reducing the yield of the dye from the fiber
significantly, as well as introduce additional agents for polyfunctional finishing of textile
materials, therefore the method can be referred to the methods of functional depomaterials
production. The effect of processing parameters on the intensity and color stability of the
obtained materials was studied. The method scanning electron microscopy used for study
the surface structure of the treated fibers and to obtain evidence of the presence silica coa-
ting. The existance of silicon oxide is also confirmed by the availability of its absorption
peaks by Fourier-transform infrared spectroscopy (FTIR).

Key words: sodium silicate, sol-gel, coloring, natural dyes, filer.

Introduction. Developing the chemical industry allows of getting synthetic
dyes with the properties and range of colors, which consumer needs for. The
undeniable advantages of this dyes type are their low cost, availability of raw
materials and, of course, a wide range of colors. However, despite their obvious
advantages, they also have disadvantages as their harmful effects on the environ-
ment and on humans. The environmental risks of using this type dyes are high,
because many of them have carcinogenic properties [1]. In addition, the traditio-
nal technology of dyeing with synthetic dyes requires high water resource costs.
For example, dyeing one kilogram of cotton fabric carries a flow rate of 70-150
liters of water, about 40 g of active dyes and 0.6 kg of sodium chloride. At the
same time, appearence of harmful effect of this type of dye on the environment
due to its release into sewage is a known and proven fact [2]. For this reason, in
order to create safer textile materials and develop harmless ways of coloring and
finishing, it makes sense to return for using natural plant origin dyes particularly.
The most complete information about the plants used for these purposes is well
studied and presented in previous works [3-6].

The purpose of this work is to develop a technology of coloring cellulose-
containing textile materials using a sol-gel method. In this study a water extract of
the roots of the madder dye (lat.Rubiatinctorium) has been used, so the main
coloring substances are porphyrins, namely, alizarin and purpurin (figure 1). The
roots of this plant have been used since ancient times for coloring processes silk,
cotton and wool. However, with the advent of the era of synthetic dyes, madder
plant used for medical purposes as an anti-inflammatory drug mainly.
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Purpurin Alizarin
(1,2,4-Trihydroxyanthraquinone) (1,2-Dihydroxyanthraquinone)

Figure 1 — Main colorants of Rubia tinctorum

The traditional technology of dyeing textile materials with plant dyes uses a
periodic dyeing method, there is a long-term presence of the dyed materials in the
dyeing solution. It is known that a periodic method of dyeing involves a large
expenditure of resources compared to a continuous one. Therefore, using sol-gel
dyeing at finishing technology will be better. The name "sol-gel technology"
combines a group of methods for synthesizing materials from solutions, so the
main result is the preparation of a gel at one stage of the process. Often this
process is based on the reaction of controlled hydrolysis of compounds like
alkoxides.

Several papers [7-9] about using of the sol-gel method in the coloring of
textile materials are known. Most of the precursors of the sol process are alko-
silanes (TEOS, GMPTS, APTES, TESP-A) and alcohol as solvent with acid,
which is a hydrolysis catalyst. in this way the first step is to obtain the sol by
reaction of hydrolysis and polycondensation. The second stage is the synthesis of
a monolithic gel by the intensive formation of contacts between the particles and
the production of a three-dimensional silicon oxide network by increasing the
volume of the dispersed phase. The third stage is drying and heat treatment.
Products with different levels of density and pore size (xerogels, ambigels, airgels
and cryogels) can be obtained. It depends on the method of their implementation.
At the textile finishing process there is a tendency of making silicon oxide
coatings by sol-gel synthesis on the fiber, which includes a functional substance.
In this way it is possible to obtain hydrophobic, fire-resistant, biocide and colored
textile materials. The mechanism of functional agent fixation is similar to the
technology of printing pigments using a polymer binder, but it has less harm to
the environment. Existence of a silicon oxide coatings on the fiber also leads to a
decrease photochemical degradation processes under UV radiation [10]. The
coloring methods, mentioned above, present an alkoxide sol-gel method, which
involves using of a large amount of organic solvents (mainly ethanol). Thus, the
method, described in the literature [11, 12] and involves using an aqueous sodium
silicate solutions, is most appropriate.

69



XUMWYECKHH )KYPHAJI KA3AXCTAHA

EXPERIMENT

Materials and methods. Samples of 100% bleached cotton fabric, article
1030, with size 200x200mm and surface density of 147 g/m” washed in distilled
water at 40 °C, dried in a oven and kept in a desiccators for 24 hours. The precur-
sor of the barrier silica coating is 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’. As a catalyst of hydrolysis, citric acid (2-hydroxypropane-1,2.3-
tricarboxylic acid) was chosen. The raw material for dye extract obtaining was the
crushed roots of Rubia tinctorium. As a mordant, AIK(SO,), was chosen.

Extraction of the dye. Pre-dried and shredded roots of the madder dyeing
(10 g/1) were poured with an aqueous solution containing NaOH (1-2%), received
mixture was heated in a water bath to 80 °C and held for 30 minutes. After remo-
val from the bath, the solution was filtered and held for 12 hours in a cool place.
The solution storage process over a long period of time is required to precipitate
poorly soluble colloidal impurities in the solution, which can be nuisance for
uniform coloration.

Sample preparationg and dyeing. Pre-washed and dried samples of cotton
cloth with a size of 200x200 mm were impregnated with a solution, containing
10 g/1 of AIK(SOy),, for a minute at a temperature of 60-65 °C which followed by
90% padding. At next, tissue samples were impregnated in a second bath with a
dye solution, prepared on the basis of an aqueous extract with the addition of
liquid glass (50-100 g/1). Impregnation was carried out at a temperature of 65-
70 °C for one minute, followed by padding a laboratory padder. After this, the
dyed samples were immersed in a third bath, containing an aqueous solution of
citric acid (20-50 g/1). Impregnation was carried out at a temperature of 65-70 °C
for one minute, followed by padding. Further, it was dried at a temperature of 70-
80 °C for 5 minutes and heat treatment at temperatures of 120-160 °C. After heat
treatment, the solution was washed with solution, which consists a surfactant
containing 2 g/l at 50 °C, and rinsing in distilled water.

Research methods. For determine the color stability to dry and wet friction,
the PT-4 device and the gray standards scale were used in accordance with GOST
9733.27-83 "Textile materials. Method of testing the color fastness to friction".
For determine the color stability to wet-heat treatments, the stained samples
were subjected to repeated washing according to the conditions given in ISO
105-C06-2011 "Textiles. Tests for colour fastness. Part C06: Colour fastness to
domestic and commercial laundering”. The color intensity K/S of samples were
obtained from tabulated data by comparison with the reflection coefficient R%,
which measured on a CarlZeiss spectrophotometer. The fact of the availability of
coating is one of the reasons for the change in the strength and stiffness parame-
ters 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 with
GOST 3813-72. "Textile materials. Fabrics and piece goods. Methods for deter-
mining tensile properties". Determination of the inflexibillity parameters of the
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processed and untreated samples was carried out with the MT-376 device (Metro-
tex, Russia) according to the ring method according to GOST 10550-93 "Textile
materials. Fabrics. Methods for determining rigidity in bending". For research of
chemical compounds and bonds, FTIR method, using Nicolet 6700 spectrometer
(USA), was applied. To study the structure of the surface of the processed samp-
les the electron microscopy (SEM) method, using a JEOL JSM-6490LA scanning
electron microscope with an energy dispersive analyzer (EDX), was applied.

RESULTS AND DISCUSSION

The results of measuring the intensity of the color of the obtained samples
are shown in table 1.

Table 1 — Intensity and color stability

Concen- |Concen-| Tempe- K/S Colour fastness
tration | tration | rature for friction
Sample | of liquid |ofcitric | of heat . After After
glass, acid, |treatment, | Without 5 10 dry wet
g/l g/l °C washing | hin g | washing

1 100 50 160 0.9618 0.7225 0.6108 5 5
2 100 50 120 0.7748 0.6255 0.5332 5 5
3 100 20 160 0.9742 0.7403 0.6368 5 5
4 100 20 120 0.8372 0.6843 0.5860 5 5
5 50 50 160 0.9376 0.7181 0.6218 5 5
6 50 50 120 0.8691 0.6640 0.5622 5 5
7 50 20 160 1.0394 0.7726 0.6561 5 5
8 50 20 120 0.8372 0.6561 0.5791 5 5
Untreated 0.009713 5 5

The stability of the stain to dry and wet friction for all samples was 5 points.
According to the results of the K/S measurement, it can be seen that samples with
a heat treatment at 160 °C have the highest color intensity compared to samples
treated at 120 °C, this fact can be explained by the presence of a denser structure
of the silica coating, which prevents the dye from desorption. And there is also
seen that an increasing of the liquid glass concentration makes it possible to
obtain the most stable coloration for wet-heat (laundering) treatments.

The durability of the paint to dry and wet friction for all samples was 5
points, which indicates a sufficient fixation of colorant on the fiber.

Along with the color strength index, the influence of the dyeing conditions
on the physical and mechanical characteristics of the fabric was studied, and the
inflexibility (toughness) data of the processed samples without the use of a dye
was also given. The data obtained during testing of the samples are given in table 2.
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Table 2 — Mechanical properties

S Tensile
Con(.:en— Conc_:en— Tempe- Inflexibility, cN strength, N
tration tration rature
Sample of liquid | ofcitric | of heat Coloured| Treated
glass, acid, |treatment,| bY by sol-gel, Main | Weft
g/l g/l oC sol-gel | without
colorant
1 100 50 160 11.074 9.741 162 122
2 100 50 120 9.555 11.613 201 148
3 100 20 160 12.769 9.800 162 | 161
4 100 20 120 10.662 11.437 161 130
5 50 50 160 10.251 8.751 153 110
6 50 50 120 11.250 10.692 163 136
7 50 20 160 10.643 9.016 171 118
8 50 20 120 11.417 9.320 187 115
Clear 0 0 0 7.232 7.232 232 221
Non-coloured,
reated by AIK(SO,), 0 0 0 9.878 9.898 409 | 249
g
H
<
" 4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

Figure 2 — FTIR absorption spectrum of a coloured sample

Data analysis shows that heat treatment at elevated temperature leads to a
decrease in the strength characteristics of the fabric, which is caused both by the
dehydration of the cellulose fiber and by decreasing elasticity of the coating and
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leads to a decrease in the mobility of the fibers. It can be seen from the table that
impregnation with alums before the dyeing process, also leads to strength in-

creasing.

For a more detailed study of the chemical composition and the existance of
chemical bonds, an FTIR analysys was made. The results are shown in figure 2.
The detailed description of the absorption peaks is presented in table 3.

Table 3 — Supposed availability of chemical bonds

;;Zskosr’pgr(ig Description Possible cause
440 -S-S- Use of alumina potassium alum
561 C-H -
615 C-Cl or CH-O-N=0O -
668 Presence of benzole ring Presence of dye
1025 or benale ring exstence Presence of dye
1057 Si-O Presence of silicon oxide
1115 Acetals -
1166 . Alk.ylsulfones . Du.e to the reaction of a.lumacalic alum
or disubstituted sulfomides with a dye, the formation of lacquers
1377 -CH; -
1431 Dimers of carboxylic acids -
1630 Crystallization Water Non_fullzif;l}éirf g(())r;t(i)rfgCellulose
2170 NH; -
2899 AIK(SO,), Remain; ;)tg :;flerﬂu;iil alumina
3403 -OH Presence of cellulose

The absence of peaks in the region of 1870-1770 cm™, indicates the absence
of sodium citrate salts, the peaks at 559 and 667 cm™ indicate the availability of
tetrapyroll, which confirms the presence of the dye.

Figure 3 —

The SEM image of coloured sample

25kV . X1,800 10um 0000 1158 SEI
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Memo [ 0] Si Total(mass%)
3 46.17 48.52 5.32 100

1350 —

1200 —

1050 —

900 —

750 —

Counts

600 —

450 —
300 —

150 —

e

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

keV
Figure 4 — EDX data of coloured sample

The microstructure and elemental composition of the obtained samples were
studied using the scanning electron microscopy method and energy-dispersive
elemental analysis. The results of a study of the morphology of the fiber surface
are shown in figures 3 and 4.

The presence of a silica coating is seen on the surface images (figure 3) of
the material, which is also proved by the presence of peaks for silicon on the
energy-dispersion analysis diagram (figure 4).
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Conclusion.

1. A new method of dyeing cotton fabrics with plant colourants applying
modified sol-gel method, was developed, where a silica coating plays role as a
binder and barier for the dye.

2. The present method makes it possible to increase the storage time of using
solution up to several days by applying sequential treatment first in the precursor
and then in the catalyst of hydrolysis, with avoiding the premature formation of
the hydrogel in the impregnating baths, and being polycondensation reaction
occurs at the fiber-solution interface.

3. The use of this method makes it possible to obtain a silica coating, as evi-
denced by the results of electron microscopy and energy dispersive analysis, as
well as to increase the rigidity of the treated materials in comparison with the
untreated ones. The study showed that the fixation of pigments by a new method
without polymer binders is possible in principle.
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RUBIA TINCTORUM 35KCTPAKTEI MEH
30JIb-T'EJIb S AICIH KOJIZAHA OTBIPBIIT LEJIJIFOJIO3AJIBI
TEKCTUJIb MATEPUAJIJAPBIH Y3AIKCI3 OJICIIEH BOAY

Makanajga HesuIoI03alibl TEKCTHIbL MaTepHaiJjapblH TaOUFU TEKTi OOSFBIIITAPMEH
30JIb-TeJIb S71ici apKBUIBI OOSY/bIH JKaHa 9JIiCi YCHIHBUFaH. 3epTTeY >KYMBICBIHBIH HETI3Ti
HOTIKecl OOJIBIT MaTaIap sl MapeHa OOSFBIIIBI MEH 30JIb-T€Jb S/ICiH MaiiasaHa OTHIPHII
9KOJIOTMSUTBIK, KAyirci3 00sly TEXHOJOTHSCHIHBIH KYPacTBIPBUIYbl 00 Tabbuiansl. O
TEKCTHIIb MAaTEPHAIBIHBIH TPEKYpPCOp MEH THAPOIN3 KaTONHM3ATOPBIHAA CIHIPLTiN, oxaH
KEeWiH KemTipy *oHEe TEePMOOHICY MpoIlecTepi apKbUIBI Ky3ere acaabl. OHIEy mapa-
METpJICPIHIH TEeKCTHIIhF MaTCPHAIBIHBIH (PU3NKO-MEXaHUKANBIK KaCHETTepi, 00y WHTEH-
CHBTLIIrT MeH OepikTiniri 3epaenenren. Hotmxecinne, 10 xxyynaH keifin 605y HHTCHCHB-
TUTITiHIH JKOFapbl NeHredi Hatpuil cunukateiably 100 /1 menmepinneri, 160 °C tepmo-
OHJICYJCH OTKEeH yiruiep kepcerTi. COHBIMEH KaTap 3JICKTPOHIbI MHKPOCKOIHS O[IiCiH
KOJIJTaHa OTHIPBIN (DYHKIIMOHAIBI XaObIH MEH OOSFBINITHIH OCKITUITCHI 3epJICIICHTCH.
3epTTey HOTIIKECI IIEeIUTION03alIbl TEKCTWIh MaTepuallapblH OHJIey OHJIpiciHae maiijia-
nayra 0oJassl.

Tyiiin ce3nep: HaTPHil CUIINKATHI, 30Jb-T€JIb, KOJOPJIAY, TAOUFH OOSFBIIITAP.

Pe3rome
@. P. Tawumyxameoos, A. K. Kymowcarnosa

HEIIPEPBIBHBIN CITOCOB OKPAILIMBAHUS LIEJUIKOJIO3HBIX
TEKCTUJIbHBIX MATEPUAJIOB SKCTPAKTOM «RUBIA TINCTORUM»
C UCIIOJIbB3OBAHUVEM METOJIA 30JIb-I'EJIb

B crarbe npuBeneH HOBBIH CIOCOO OKpAIIMBaHUS LEJUTIOIO03HBIX TEKCTHUIIBHBIX Ma-
TEPHAJIOB 30JIb-T'€/Ib METOJOM C IPUMEHEHHEM KpacHuTeell pacTUTEILHOIO MPOUCXOXKAe-
Husl. OCHOBHBIM DPE3YJIbTATOM HCCIIEAOBAHUS SIBISIETCS pa3paboTaHHash IKOJIOTHYECKH
Oe3omacHasi TEXHOJIOTHS KOJIOPHPOBAHMS TKaHEH ¢ NMPUMEHEHHWEM 30Jb-TeNlb METoJa U
9KCTPaKTa MapeHbl KPAaCHILHOM, KOTOPasi COCTOMT B ITOCIIE0BATEIBHON MPOMHUTKE TEKC-
THJIBHOTO MaTepHaja B IIPEKypCope U KaTalu3aTope THAPOJIN3a C IOCIeyIonel CyKoHi
u TepmMooOpaboTkoil. MccnenoBano BIusSHUE MapaMeTpoB 00paOOTKH Ha (PU3UKO-MeXa-
HUYECKHE CBOICTBA TKaHHM, MHTCHCUBHOCTb M NMPOYHOCTh OKPACKH. BBISBIEHO, YTO Hau-
OopIIIe MHTEHCHBHOCTHIO OKpacku mocie 10 ctupok obmamaror obpasisl, 0OpaboTan-
Hble MPU KOHIIEHTPALUH KUAKOTO cTekia, papHoi 100 /1, ¥ npouieie TepMUIecKyo
o0pabotky npu 160 °C. Tak ke IpUMEHEH METOA SJIEKTPOHHOW MUKPOCKOIIHH, Pe3yJIbTa-
ThI KOTOPOI'0 AOKa3bIBAIOT HAJINYINEC (byHK[H/IOHaJ'H)HOFO TOKPBITUA U (bI/IKCEl[H/II/I Kpacuteiist
B ero o0bpeMe. Pe3ynbpTaThl HccneoBaHusl MOTYT ObITh IPUMEHEHBI B OTICIOYHOM MPOH3-
BOJICTBE TEKCTHUJIBHBIX LEILII0JIO30COAEPIKAILINX MaTEPHUAIIOB.

KnaioueBble cioBa: cuimkar HaTpusi, 307b-Tejlb, KOJOPUPOBAHUE, PACTUTEIbHBIC
KPaCHUTEIH.
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STUDY OF SORPTION OF LEAD (II) IONS
BY ANIONITE OBTAINED ON THE BASIS OF ANILINE,
EPICHLOROHYDRIN AND POLYETHILENPOLYAMINE

Abstract. Polyfunctional anionit based on aniline, epichlorohydrin, and polyamines
were synthesized. The composition and structure of the anion exchanger were studied by
IR spectroscopy and elemental analysis. Lead sorption was studied by classical polaro-
graphy. Dependences on the sorption of lead (II) ions on the solution acidity, concen-
tration of metal ions, and duration the contact of resins with solution Pb(NO;), were
determined. This anionite exhibits high capacity in sorption of lead ions. The developed
sorbents with increased sorption ability can successfully solve problems of removing
lead (II) ions from process effluents in nonferrous metallurgy.

Keywords: sorption, lead ions, anion exchanger, sorption capacity.

Introduction. Lead is known as a toxic metal that accumulates in the human
body throughout the lifetime [1]. The World Health Organization (WHO) has
established the maximum allowable limit of 0.01 mg/l for lead in drinking water
[2]. Therefore, highly sensitive determination methods of trace lead in envi-
ronmental samples need to be established and contamination occurs industrial
activities such as mining, electricity generation, sewage application, fertilization
and petrochemical. Although some of them play important roles in biological
function, they are likely to have a potential to destroy ecosystems and human
health through the food chain [3-5]. The US Environmental Protection Agency
(USEPA) priority list regards Pb pollution as one of the top 20 pollutants. There-
fore, the possibility of reducing its contamination must be taken into consi-
deration. Due to the fact that heavy metals are non-biodegradable, they are con-
tained in the soil continual [6]. So it is extremely important to search an environ-
mentally way to harness the environmental pollution of heavy metal, and then
reduce the deteriorating effect of heavy metals to the environment [7]. Traditional
physical and chemical treatments effective in some cases. The drawback of these
methods are that they expensive, disruptive, and impractical under natural envi-
ronmental conditions. Therefore, ion exchange can be used as a relatively new,
economical and highly effective technology to solve the heavy metal problems
and restore the fertility of soil. Sorption is also the most advantageous and most
promising procedure for purifying and separating substances. The sorbents should
be sufficiently selective, exhibit high sorption ability, and be resistant to high
temperatures [8, 9].
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This study deals with the physicochemical properties of polyfunctional anion
exchangers based on aromatic hydrocarbons, epichlorohydrin and polyethylene-
imine in relation to lead (II) ions onto them.

EXPERIMENTAL PART

Epoxy amine was synthesized from aniline (A) and epichlorohydrin (ECH).
Polyfunctional anion exchanger A-ECH—PEPA was prepared by condensation of
the epoxy amines with polyethylenepolyamine (PEPA).

Glycidyl amine derivatives (epoxy amines) was synthesized in the first step
from A and ECH in the presence of NaOH (50°C, 6 h).

av,
2 H,C—CH—CH,—Cl + N —_—
\/ |

0
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e Py
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In the second step, the condensation of the epoxy amines with PEPA was
performed in a dimethylformamide (DMF) solution at different molar ratios of the
components at 60— 65°C for 5—6 h, after which the reaction mass was cured at
100°C for 16-24 h. The optimum conditions for preparing the ion-exchange
materials were found previously.
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The composition and chemical structure of the anion exchanger was studied
by IR spectroscopy with a Nicolet 5700 Fourier IR spectrometer (Thermo Elec-
tron Corporation, the United States) and by elemental analysis with a CHN628
analyzer (LECO, the United States).

As seen from figure 1, in IR spectra, characteristic bands (cm™') of epoxy
groups (810-920, 1250, 3000-3010) are absent, but N-H bending (1599-1600)
and C-N stretching (1020-1220) vibration bands of amino groups appear,
suggesting the occurrence of a chemical reaction of aniline diglycidyl derivative
with polyamine. The absorption at 1502—-1504, caused by stretching vibrations of
the benzene ring, confirms the presence of aromatic fragments in the structure of
the anion exchangers [10].
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Figure 1 — IR spectra of anion exchanger A~-ECH-PEPA.
(I) Intensity and (v) wavenumber

The elemental composition of the anion exchanger A—-ECH-PEPA (found/cal-
culated, %) is as follows: C 74.23/73.84, H 16.32/16.48, N 5.76/5.50, O 3.69/4.18.

The results of chemical and spectroscopic analysis of the synthesized poly-
mers suggests the following structure:
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The physicochemical characteristics of the synthesized anion exchanger is
given in the table 1.

Table 1 — Physicochemical properties of the synthesized anion exchanger

. Chemical stability in solutions, % .
Anion SECxc, Ve, " Thermal stability
exchanger mg-equiv/g | ml/g SN SN 10% in water, %
HzSO4 NaOH HzOz
A-ECH-PEPA 3,03 4,2 89,9 91,4 70,0 91,8

Sorption of lead (II) ions onto A-ECH— PEPA ion exchanger in the OH form
was studied in batch experiments under the following conditions: sorbent :
solution ratio 1 : 400, room temperature (20 £ 2°C), concentration of lead ions in
Pb(NOs), solutions from 0.227 to 2.072 g/l, pH 1.1-5.8 (adjusted by adding 5 N
HNO;). The pH values were measured with a pH-150 MI pH meter with an ac-
curacy of +£0.05 pH unit. The sorbent—solution contact time was from 0.5 h to
7 days. Model solutions were prepared using chemically pure grade Pb(NO;),.

SC was calculated from the difference between the initial and equilibrium
concentrations of the solutions, which were determined by classical polarogra-
phy in 0.5 M NH4CI supporting electrolyte from the Pb (II) reduction wave
(E1p, = —0.46 V). The polarograms were recorded with a PU-1 universal pola-
rograph with an accuracy of +0.5% in a temperature-controlled cell at 25+0.5°C
using a dropping mercury electrode. Oxygen was removed from the solutions by
argon bubbling for 5 min. A saturated calomel electrode was used as a reference
electrode. The conditions of our sorption experiments (sorbent : solution ratio,
concentration and pH of molybdenum-containing model solutions, contact time)
were close to those of the industrial processes.

RESULTS AND DISCUSSION

To use ion exchangers in the practice, it is necessary to study how the sorp-
tion of metal ions depends on the process conditions. To determine the optimum
parameters of the sorption, we studied the infl uence exerted on the sorption of
lead (II) ions by the concentration and pH of Pb(NOs), solutions and by the time
of their contact with the ion exchanger (figures 2—4).

From figure 2, can be seen the isotherm of sorption Pb” ~ ions and the SC
anion exchanger is represented, and show increase of SC with the content of lead
ions in solutions. The rise of the curve at their small equilibrium concentrations
indicates that the anion exchanger extracts lead (II) ions with sufficient com-
pleteness. The recovery rate reaches at 91% and maximum SC of A-ECH- PEPA
anion exchanger reaches at 228 mg/g.

One of the most important factors controlling sorption of metal ions from
solutions is pH of the solution. The pH infl uences both the metal speciation in the
solution and the state of the ionogenic groups [11]. The dependence of the sorp-
tion capacity of the anion exchanger for lead ions on the acidity of Pb(NO;),
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Figure 2 — Isotherm of Pb*" sorption onto A-ECH-PEPA anion exchanger. Contact time 7 days,
pH 5.8. SC — sorption capacity (mg/g), Cp, eq — equilibrium concentration (g/L)
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Figure 3 — Dependence sorption capacity of A-ECH-PEPA anion exchanger
on the acidity of solution Pb(NOs3),. Cp, =2.072 g/L; contact time 7 days

solutions is shown in figure 3. As can be seen, the optimum pH for the uptake of
lead ions is 3.7. Under these conditions, the uptake of Pb (II) ions and SC of
A—ECH-PEPA anion exchanger reach maximal values and SC is 528.4 mg Mo/g.

Figure 4 shows the lead ions sorption isotherm for A-ECH-PEPA anion ex-
changer. The equilibrium between the resins and solution containing 2.072 g/l Pb
and having pH 3.7 is attained in 1 h, and the SC of the A—-ECH-PEPA anion
exchanger is 528.4 mg/g.
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Figure 4 — Dependence sorption capacity of A-ECH— PEPA anion exchanger
on the duration contact time (1) of resin with Pb(NOs3), solution. Cp, =2.072 g/L; pH 3.7

Conclusion. Thus, the sorption ability of polyfunctional anion exchanger
based on aniline, epichlorohydrin and polyethilenpolyamine with respect to lead
ions is studied. It is established that it possesses unique sorption properties with
respect to Pb>" ions. It is shown that the acidity of the medium has a significant
effect on the sorption of lead ions. Thanks to high sorption and kinetic properties,
the investigated anion exchanger can be recommended for wastewater treatment
of hydrometallurgical production from lead ions.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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Pe3iome
E. E. Epzoocun, T. K. Yanos, b. E. Fezenosa, T. B. Kospueuna, E. A. Menvruxos

AHWIIVH, STINXJIOPTU/IPVH >KOHE ITOJINSTUJIEHIIOJIMAMUWH HET'T3IHAE
AJIBIHFAH AHMOHUTIIEH KOPFACBIH (1) MOHBIHBIH COPBLIVSICBIH 3EPTTEY

AHWIVH, MHAXJIOPTHAPHH JKOHE MOIMATIIICHIIONNAMIH HETi3iHeTi Monn(yHKIHO-
HAJIIBI aHHOHHUTIICH KJIACCHKAJIBIK MOJATpadus omici apKbUTEI KOPFACHIH HOHBIHBIH COPO-
musicel 3eprrenmi. Epitinai kormeHTpanmsicbiMer pH kxepcerkimni xopracsiH (II) moHBIH
Oeuin aly KacHUETIH 3epTTey OapbIChIHIA, ePITIHAIAeTI Pb KOHIIEHTPAIIUSCHIHBIH KOOCHOi-
MEH HOHHTTIH COPOLMSIBIK CHIMBIMABUIBIFBI APTATHIHIBIFBIH KOPCETTi. AHHOHUTTIH OH-
taiinel pH MoHi 3.7, TeH OoJsFaH Kafnaiaa ciHipy chIdbIMIbUIBIFEI 528.4 Mr Pb/T Kypaiiasl.

Tyiiin ce3aep: copOuusi, KOPFacklH MOHAAPHI, AaHUOH AIMACTBIPFBINI, COPOLMSUIBIK
CBHIBIM/IBUTBIK,

Pe3iome
E. E. Epeoocun, T. K. Yanos, b. E. Fezenosa, T. B. Kospueuna, E. A. Menvruxos

M3YUYEHUE COPELIMOHHOM CITOCOBHOCTU AHUOHMTA,
INOJIYYEHHOI'O HA OCHOBE AHUJIMHA, SITUXJIOPTUAPUHA
U TIOJINDTUJIEHIIOJIMAMIMHA, TI0O NOHAM CBUHIIA

CuHTEe3upOBaH NONMH(YHKIIMOHATBHBI aHHOHOOOMEHHWK Ha OCHOBE AaHWIIMHA,
SMUXJIOPTUIPUHA ¥ TOJHUATUICHIONUAMUHA; OBUIM HM3YyYeHBI COCTaB M CTPYKTypa
annonurta metogamu NK-cnekrpockonuu u sneMeHTHOro aHanusa. McceiaenoBan npouece
COpOLMU CBUHIIA METOIOM KJIACCHUYCCKOW Moyisiporpadur ¥ HaWICHBI 3aBUCHMOCTH
COpOIIMU HOHOB Pb*" B cTatmueckom pPeXKUME OT KHCIOTHOCTH PacTBOPOB, KOHIICHTPAIIUU
HOHOB META/UIOB M MPOJO/DKUTCILHOCTH KOHTaKTa HOHUTOB ¢ pactBopoM Pb(NO;),.
YCcTaHOBJIEHO, YTO JaHHBIH HOHOOOMCHHUK O0JIaaeT BBICOKUMH COPOIMOHHBIMU
CBOWMCTBAMH TI0 OTHOIIICHUIO K HOHAM CBUHIIA. HaydHas HOBH3HA UCCIICIOBAHUS COCTOUT
B TOM, YTO BIIEPBBIC ObLIa W3yucHAa COPOLMOHHAS 3aBHCAMOCTh 10 OTHOIICHUIO K HOHAM
Pb* CHUHTE3MPOBAaHHBIM HWOHUTOM. [IpakTmueckas 3HAYAMOCTh MJAaHHOW pPabOTHI
3aKIIFOYaeTCs B TOM, 4YTO pa3pabOTaHHBIM COPOCHT C TOBBLIMICHHON COPOIMOHHOMN
CIOCOOHOCTBIO MOJKET YCIEIIHO PEIIUTH MPOOIEMBl OYHACTKH TEXHOJOTHYCCKUX CTOKOB
[BETHON MeTaTypruul oT noHoB cBuHIA (II).

KaioueBble ciioBa: copOLusi, HOHBI CBUHIIA, AHHOHUT, COPOIIMOHHASI EMKOCTb.
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INVESTIGATION OF THE PROCESS OF APPLICATION
OF SALTS OF ACTIVE PHASES OF NICKEL AND MOLYBDEN
TO THERMOREGENERATED ZEOLITE CaA

Abstract. In this work, studies are carried out the process of applying active phases
of nickel and molybdenum compounds to thermoregenerated CaA zeolite and heat treat-
ment of catalytic systems based on it.

Key words: catalyst, thermoregeneration, adsorbent, zeolite, regeneration, applica-
tion, mixing, activated, thermal analysis, calcinations, chemisorption, endothermic and
exothermic effect.

Introduction. It is known that the depth of hydroconversion of the compo-
nents of the feedstock, the quality and quantity of the target oil depends on the
hydrogenating and isomerizing properties of the catalyst used: the more active the
contact in these reactions, the deeper the hydroconversion of the raw materials in
the low boiling distillates, the higher the quality and the greater the yield of the
desired product. The catalysts containing noble metals (Pt, Pd, etc.) possess high
hydrogenating and isomerizing properties.But because they have low hydro-
genating and isomerizing activity, they are unacceptable for hydroprocessing
residual petroleum products containing contact poisons, and the desired results
can not be obtained on industrial Al-Ni (Co)-Mo catalysts. At the same time, the
catalyst containing a nickel on hydrogenating activity can compete with catalysts
based on platinum and palladium, but it is also committed to poisoning with sul-
fur and nitrogen containing compounds. The use of nickel in combination with
molybdenum in the form of nickel molybdate allows the preparation of a catalyst
having simultaneously high hydrogenating, isomerizing and cleaving properties.
Treatment of the catalyst with sulfur or hydrogen sulphide increases its polyfunc-
tionality in acid catalysis [1, 2].

It has been established that nickel - molybdenum catalysts on various refrac-
tory acid carriers exhibit higher activity and stability in oxidation - reduction and
acid - base catalysis in the case of exclusion or reduction of the formation of
catalytically inactive nickel aluminate by spinel structure.

EXPERIMENTAL PART

To study the processes occurring at the stage of applying active phases to the
thermo regenerated and regenerated zeolite and heat treatment of catalytic sys-
tems, the following samples were prepared:
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Sample 1 (CM). 1t is prepared by applying the calculated amount of molyb-
denum salt in the form of an aqueous solution to the thermo regenerated and
activated zeolite CaA. After drying in the open air, the sample was subjected to
thermal analysis.

Sample 2 (CMN). The air-dry catalyst was obtained by applying the calcu-
lated amount of nickel salt in the form of an aqueous solution to a CM sample
pre-calcined at 550 °C.

Sample 3 (CN). 1t is prepared by applying an aqueous solution of a nickel salt
to a thermoregenerated zeolite, then the order of the sequence and sequence are
the same as for the treatment of a CM sample.

Sample 4 (CNM). 1t is prepared by calcination of the sample of the CN at
550 °C, followed by applying the calculated amount of the molybdenum salt in
the form of an aqueous solution. An air-dry system was subjected to thermal
analysis.

RESULTS AND DISCUSSION

On the thermogram of the spent zeolite, an "endothermic" effect at 200 °C
with an inflection point at 280 °C, corresponding to the removal of physically
adsorbed water is clearly visible. And the stepwise removal of chemisorbed water,
localized in various cavities, for CaA type zeolites proceeds most intensively, in
the range from 350 to 450 °C. In addition, an "exothermic" effect was observed,
due to the removal of organic deposits from the pores of zeolite CaA.

The thermogram of the spent zeolite shows that the intense exothermic effect
at 360 °C, from the burnout of organic compounds, overlaps the weaker endother-
mic effects from the dehydration of the zeolite. The presence of these effects
indicates the preservation of the specific crystal structure of the zeolite and its
ability to reverse water adsorption. The preservation of crystalline structures was
proved by the RFA diffraction method, X-ray diffraction and the weighting me-
thod for "adsorption-desorption" of water. The effects on the thermograms of
catalyst samples with supported transition metal ions were found to be related.The
following effects were observed on the thermogram (figure 1b) of crystalline
nickel nitrate: a narrow peak at 65 °C, two more intense broad peaks at 190 and
320 °C, and a small "endoeffect" is observed at 255 °C.

On the thermogram of nickel nitrate deposited on a thermoregenerated
zeolite (figure 2b of a sample of CNM) and dried at 20-25 °C, t = 24-26 hours, a
very wide low-intensity endoeffect with a maximum at 150 °C is observed, ac-
companied by a slight loss of mass on the curve TG, due to the removal of resi-
dues of physically adsorbed water. There is no specific narrow endoeffect from
the thermal decomposition of crystalline nickel nitrate, the position of higher
temperature peaks also does not correspond to the initial substance, all this indi-
cates the occurrence of deep chemical transformations already at the stage of
impregnation. Taking into account the strongly alkaline environment during the
application of nickel nitrate due to the release of compensating calcium ions into
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Figure 1 — Thermogram of nickel and molybdenum compounds:
a) ammonium para-molybdate; b) nickel nitrate; ¢) nickel hydroxide

the solution, it is possible to assume the formation of the Ni (OH) , hydrogel,
which is characterized by two little intense broad peaks of the endoeffect at 150
and 470 °C, in addition to the powerful endo-effect, temperature 330 °C, the main
weight loss of the sample is observed (figure 1c¢).

Comparison of the thermogram of the CMN sample with the thermograms
Ni(OH), and Ni (NO3), - 6H,0 allows us to consider this DTA as a superposition
of the stepwise thermal decomposition of the most probable products of basic
hydrolysis, namely, hydroxy complexes of nickel nitrate, its basic salts and hydro-
xides. Apparently, DTA of the investigated sample of CMN is closest to DTA
Ni(OH),, where there are strongly broadened effects at 150 and 290-330 °C, and
"endoeffects" at 400 and 620 °C are most likely due to removal of intracrystalline
zeolite water.In the case of thermal decomposition of nickel nitrate deposited on
an acid-activated zeolite (figure 2a and a sample of a CN), the thermal effects
from the dehydration and thermal fixing of nickel structures on the zeolite are
shifted to the low-temperature region.
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Figure 2 — Thermogram of zeolite catalysts:
a) a sample of the CN, b) a sample of CNM, c) a sample of CMN, d) a sample of CM

This may indicate, according to the ESTD, the prevalence of nickel hydroxo-
complexes over nickel hydroxide in a dried but not calcined sample; avariety of
nickel structures are observed in the calcined sample.The reaction products of
hydrolyzed nickel nitrate with molybdenum compounds thermally fixed on the
surface of the activated zeolite dehydrate at lower temperatures than in the case of
an activated and the more thermoregenerated sample and may be associated with
the dehydration of nickel-molybdate associates. The "exothermic" effect (figure 2,
model CM) can be noted on the DTA curve of the CM sample (see figure 2,
which is accompanied by a weight loss), which can be explained by the thermal
decomposition of the ammonium form of the zeolite formed as a result of ion
exchange of the compensating calcium ions with ammonium ions during the
impregnation of the zeolite solution of ammonium para-molybdate. On the DTA
curve of ammonium para-molybdate, according to (figure 1a), "exoeffect” is not
observed, only "endoeffects" at 205, 240, 340 and 795 °C were noted.In our case,
the "exothermic" effect of the transition of the ammonium form of the zeolite to
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hydrogen does not appear to be due to the fact that during the preliminary appli-
cation of nickel nitrate followed by calcination (figure 2a), the nickel cations are
firmly fixed in the zeolite cavities, and the ion-exchange of Ca> “ on NH, * does
not occur. The absence of "endoeffects", specific for the thermal decomposition
of ammonium para-molybdate, indicates a deep chemical interaction already
during impregnation. Smooth weight loss in the temperature range 100-500 °C
without pronounced thermal effects is due to the gradual removal of water.
Ammonium ions are displaced from ammonium para-molybdate by a stronger
base - calcium hydroxide and removed to the drying process of the sample. Due to
the fact that the thermal decomposition of the formed calcium molybdate occurs
at a temperature of 1000-1100 °C, it does not appear in the investigated range on
the DTA curve.

Electronic diffusion reflection spectra (EDS) of molybdenum - nickel and
nickel - molybdenum catalysts on a thermoregenerated zeolite are shown in figu-
re 3 and 4.

Spectra of catalysts were taken in the 50-5¢cm-1 region on a Hitachi-330
spectrophotometer with a diffusion reflection attachment. It follows from figure 3
and 4 when applying an aqueous solution of nickel and molybdenum salts to CaA
zeolite, complex processes occur on its surface that promote the formation of
various compounds: CaMoQ,, NiMoOy, and other oxygen compounds of nickel
and molybdenum. Calcium molybdate clearly appears in the roentgenograms
of the calcined catalyst and can overlap the baseline with d = 3.08A from the
crystalline nickel molybdate. However, the absence of narrow lines with d =2.73
and 2.06 A on X-ray diffraction patterns indicates a high dispersion of the nickel-
molybdate structures formed. Nickel-molybdate associates appear as broad bands
from Ni**with maxima at 12.9; 20.0; 23.2; 26.6 cm™ . The highly dispersed phase

v, Kem™
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~
1 ] 1 | T =1
200 400 600 2800 A, HM

Figure 3 — Electronic spectra of diffuse reflection of nickel-molybdenum catalyst, reduced
at 300 °C - (1), 320 °C - (2,3), 360 °C - (4-6) and reoxidized at 25 °C - (3,5) and 360 °C - (6)
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of nickel oxide was identified by the pronounced band 13.9 cm™ and a number of
diffuse bands at 15.4; 21.8;23.2; 25.0cm™. In a large region at 26.3 and 27.7 ks,
Mo’ * ions are also absorbed, whose presence is confirmed by the decrease of
these bands after oxidation of the latter with hydrogen peroxide to Mo® *. Mo® *
ions appear in the spectra with a broad absorption band with a maximum of
29.4 +30.7 ks™' and a shoulder of about 41.7 ks™". ts high intensity and some shift
to the low-frequency region indicate the predominance of structures of the
Mo®" 14 - O - Mo, type, which determine the presence of Bronsted acid sites
with pKa<-3 on the surface of the catalyst.

The ESD of the nickel-molybdenum catalyst on the thermoregenerated
zeolite is given in figure 4. It follows from the picture that in the catalyst, as in the
previous one, CaMoQ,, NiMoO,4 and other compounds are present. But, the
intensity and quantity of CaMoO, formed is lower than when nickel is applied to
calcined molybdenum-zeolite.
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Figure 4 — EDS of catalysts on a thermoregenerated (1-2) and activated by 0.1% HCI zeolite (3-6).
Air-dry (1.3), calcined 823 K (2,4-6). The ratio of NiO: MoO; =1: 1 - (1-4)

The appearance of new absorption bands in the spectrum of about 12,8 and
12,8 ksm™ is associated with the formation of fragments of nickel-molybdate
structures in dried samples when ammonium para-molybdate is applied to cal-
cined nickel-zeolite systems. After calcination, the spectrum consists of an
extended absorption band with a maximum of 12.9 ksm™', moderate bands at 20,0;
23,8 ksm-11 and an intense wide band of Mo® © ions occupying the entire UV
region, which is typical for molybdate-nickel. That is, acid activation and pre-
fixing of nickel structures on the zeolite contribute to the formation of nickel-
molybdenum associates. To study the x-ray composition of the nickel-molyb-
denum catalyst on the thermoregenerated and activated zeolite, the following
samples were prepared with the ratio NiO: MoO; 1: 1 (No. 1), 1: 2 (No. 2) and 2: 1
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(No. 3). X-ray patterns of the samples are shown in figure. 5. It can be seen from
the figure that almost all lines characteristic of CaA zeolite are present in all the
samples. Thus, in sample No. 1, CaA exhibits an average degree of crystallinity,
which is expressed in the expansion of the lines of 0.338; 0.327 nm.

Figure 5 show that in sample No. 2 enriched with molybdenum oxide, the
content of CaMoQO, and nickel oxide decreases and the degree of crystallization of
the zeolite is lower than in sample No. 1. In catalyst No. 3 with an excess of nic-
kel oxide, the crystallinity of the zeolite structure is sharply reduced, this is mani-
fested by a decrease in the intensity of the diffraction lines and their considerable
expansion. The amount of phase and the degree of crystallinity of CaMoO, are
noticeably reduced. In general, the most intense lines appear in the roentgenogram
of crystalline calcium molybdate: 4.71; 3.07; 3.09; 2.87; 2.61; 2.25; 1.92; 1,864;
1.628; 1.585; 1.563 A.

Figure 5 — Radiographs: a) Catalyst (No.1) - NiO: MoO; 1: 1;
b) catalyst (No. 2) - NiO: MoOj; 1: 2; ¢) Catalyst (No.3) - NiO: MoO; 2: 1

The presence of nickel molybdate, found earlier by ESR, can not be deter-
mined by X-ray diffraction, in view of its high dispersion and superposition of
reflexes. However, molybdate of nickel is more or less present in all samples. The
spinel structure of nickel aluminate was not found in the samples studied. Accor-
ding to the EDS, calcium molybdate exhibits acidic properties, so in the catalytic
system it can serve as an isomerizing component. In Figure 5. X-ray diffraction
patterns of molybdate nickel deposited on a thermoregenerated and activated zeo-
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lite are given. The catalyst was prepared by depositing NiMoQO,4 on CaA, grinding
the system to a powdered state (100-120 mesh), followed by transfer to a paste-
like mass, its shaping into extrudates, drying and calcination.It follows from the
X-ray diffraction pattern that the finished catalyst consists exclusively of NiMoO4
and a thermoregenerated CaA zeolite. The results of the EDS and the thermo-
grams of the catalyst showed no interaction of NiMoO, with CaA in this system
Elimination of the interaction of the catalyst components - NiMoO, and
CaA - shows their inherent high catalytic properties in redox and acid-base cata-
lysis.

Conclusion. It was found that nickel molybdate has simultaneously hydroge-
nating, isomerizing, cleaving, hydrodesulfurizing, hydrodenitrogenating and other
properties. The catalyst prepared by deposition of NiMoO, on zinc aluminate
showed high results in the hydrogenation and isomerization processes.It was
found that the NiMoO, catalyst on ZnAl,O4 is polyfunctional. At the same time,
deep hydrogenation, isomerization, dehydrocyclization, cleavage and other
reactions take place. A catalyst NiMoO, on BaAl,O4 manifests in these processes
a greater degree of basic properties than acidic ones.Therefore, on this catalyst,
deep hydrogenation reactions of hydrocarbons and, in particular, organo-nitrogen
compounds of basic character, mainly take place.

Thus, structural studies of the spent CaA zeolite with salts of the active phase
of nickel and molybdenum deposited under different thermal conditions have
shown that it can be used as a solid carrier for the production of nickel-molyb-
denum catalysts with additives (promoters).In this case, the catalytic activity of
the zeolite can be controlled by selecting it within the pore volume and compo-
sition.
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INFLUENCE OF THE COMPOSITION
OF CATALYST SUPPORTED
BY ZEOLITE IN THE HYDROGENATION OF FUEL OIL

Abstract. Hydrocarbon raw material consists of condensed aromatic hydrocarbons
and other high-molecular compounds, is a complex mixture of organic and mineral sub-
stances. The results of the hydrogenation of heavy hydrocarbon feedstocks - fuel oil frac-
tion. In the process of hydrogenation of the fuel oil fraction, in the presence of a zeolite
carrier impregnated with highly disperse iron-containing additives, it can be stated that the
synthesized catalyst exhibits high activity in hydrogenation processes, hydro destruction
of the object of investigation. Determined amount of gas and coke fraction. The amount of
gas + fraction is taken as the depth of decomposition. With an increase in the activity of
the zeolite more energy intensive coke formation of condensed mechanism increases
faster than the polymerization-redistribution mechanism.

Key words: hydrogenation, fraction of oil, temperature, hydrogen pressure, catalyst.

Introduction. The study of the theory and practice of the heavy hydrocarbon
feedstock hydrogenation (HFH) in the Common wealth of Independent States (
the CIS) and other countries shows that the main reactions of hydrogenation
processes which comprise HFH are hydrogenation and dehydrogenation. Analysis
showed that the nature of these processes is that they involve movable equilib-
rium position is determined by factors such as pressure and hydrogen temperatu-
re [1-4].

At present, despite the ever-increasing volumes of oil production and refi-
ning, not only in the Republic of Kazakhstan, but all over the world, large-scale,
intensive research aimed at more efficient use of high molecular weight
hydrocarbon feedstock [5].

It should be noted that today in many countries of the world continue to
research and pilot projects to improve and improve the performance of the indivi-
dual stages processes hydrogenation processing HFH and liquefaction products
that can significantly improve the efficiency of the method as a whole.

Transformations occurring during the destructive hydrogenation of complex
organic substances, which are representatives of oil, fuel oil, coal, etc., are best
shown in the individual hydrocarbon compounds.

Previously, the authors synthesized composite catalysts based on Group VIII
metal compounds (Fe, Ni, Co) deposited on zeolites (Fe,O3;/CaA (Fe,03/ZSM),

93



XUMWYECKHH )KYPHAJI KA3AXCTAHA

NiO/CaA (NiO/ZSM), their activity in the hydrogenation of model compounds
(anthracene), a number of active catalysts [6].

In order to continue research conducted to study the influence of a catalyst
system based on zeolites and compounds of iron and cobalt hydrogenation
process heavy hydrocarbon feedstock, particularly heavy fuel oil fraction.

Fuel oil is a liquid hydrocarbon product of dark brown color. A mixture of
heavy distillation residues of gasoline, kerosene and gas oil (boiling at tempe-
ratures below 350-360°C) of oil products or its recycling [7].

EXPERIMENTAL PART

Experiments of hydrogenation fuel oil fraction was carried out in a high
pressure autoclave «CJF-0,05» of heat-resistant stainless steel with a capacity
0.05 L. Pre-mixed starting components were placed into the reactor was sealed,
purged with hydrogen and the hydrogen was pumped to 4.0 MPa, heated to 400°C
at a heating rate of 10°C per minute.Process duration was 60 minutes after rea-
ching the operating temperature of the autoclave. After the end of the experiment,
the reactor was cooled to room temperature the composition of the reaction
mixture was determined by chromatography-mass spectrometric (CMS) and gas-
liquid (GLC) analysis.

By varying the conditions can be controlled with progress of the hydro-
genation process of obtaining target products. Composition of fuel oil fraction
identified during the experiment (table 1).

GLC analysis of the initial fraction fuel oil and products of hydrogenation
was conducted on a chromatograph "4000 Krystallux M" with PID detector co-
lumn ZB-5 30 m x 0.53 mm x 1.50 um. with the programming of the temperature
of the thermostat 60-250°C at a temperature rise rate of 6 °C/min. GLC analysis of
gaseous products was carried out on a chromatograph "Krystallux 4000 M"
(Russia) with the detector module 2DTP/PFID, on a column of CaA 1 -3 m, d-3
mm for constant gases and column Porapak R 1- 3 m, d-3 mm for hydrocarbon
gases. GLC analysis of the liquid components was carried out on a chro-
matograph "Krystallux 4000 M" with a PID detector on a column DB-5 ms
30 mm x 0.250 mm x 0.50 pm. Data processing was provided by the program
"NetChrom v. 2.1" (table 1 and figure 1).

The premixed starting components were placed in a reactor, sealed, flushed
with hydrogen, and hydrogen overpressure. The onset of the reaction was the time
when the autoclave reached operating temperature. The heating rate of the
autoclave was 10°C per minute. After the experiment, the reactor was cooled to
room temperature the composition of the reaction products was determined by
GLC analysis (table 2 and figure 2).
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Table 1 — Composition of the fuel oil

# Component Time, min Fraction, %
1 i-octane 4,86 1,40
2 Octane 6,41 2,03
3 1-octene 7,08 1,59
4 1-nonen 9,79 1,10
5 Nonane 10,07 1,97
6 1-decene 13,17 1,13
7 Decane 13,47 2,15
8 1-undecene 16,67 1,35
9 Undecane 16,96 1,84
10 | 1,2,4,5-tetramethylbenzene 19,09 1,00
11 1-dodecene 20,09 1,01
12 | Dodecane 20,37 2,40
13 | 1-tridecene 23,37 1,08
14 | Tridecane 23,62 2,30
15 | 1-methylnaphthalene 24,16 1,28
16 | l-tetradecene 26,47 0,72
17 | Tetradecane 26,70 2,55
18 | 1-pentadecene 29,40 0,74
19 | Pentadecane 29,61 2,59
20 | 1-hexadecene 32,17 0,83
21 Hexadecane 32,36 2,59
22 | 1-heptadecene 34,81 0,35
23 | Heptadecane 34,97 3,27
24 | 1-octadecene 37,28 0,45
25 | Octadecane 37,45 2,58
26 | Nonadecane 39,80 2,87
27 | Eikozan 42,05 2,84
28 | Aneykosan 44,19 2,60
29 | Dokozan 46,21 2,32
30 | Tricosan 48,22 2,13
31 | Tetracosane 50,36 1,79
32 | Pentacosane 52,73 1,31
33 | Hexacosane 55,58 0,94
34 | Heptakosan 58,97 0,62
35 | Octacosan 63,08 0,36
36 | Nonacosane 68,11 0,34
37 | Triacontan 74,42 0,16
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Figure 1 — Chromatogram of the initial fraction of fuel oil
Component

1,2,4,5-

Table 2 — Composition of fuel oil in the hydrogenation at the presence of catalyst Fe,0;/CaA
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Figure 2 — Chromatogram of fraction
in the hydrogenation of fuel oil at presence of catalyst Fe,0;/CaA

RESULT AND DISCUSSION

Analyzing the chromatogram shown in Figure 2 it was found that there are
peaks of saturated hydrocarbon derivatives 12.23%, the amount of iso-derivatives
of hydrocarbons was 1.09%. Also tetramethylbenzene is present in an amount of
less than 1%.

These data show that at this temperature for all paraffin have stepwise me-
chanism makes the main contribution to the reaction rate. Relative reaction rate in
the range of paraffin in this case changes.

Note that format structures formed by paraffin adsorption on the catalyst
surface and decompose sufficiently thermo stable under vacuum at 420°C. At
temperatures above 400°C the main contribution to the rate of catalysis makes
stepwise mechanism. This is consistent with the proposed reaction scheme [§8],
since the thermal decomposition of the surface structures at temperatures above
400°C should lead to a decrease in the proportion of the associative mechanism
and the stepwise transition to a mechanism that is observed the experiments.

We can assume that in the surface com- N
plex coordination number of the iron ion is /Fe’\
four. In this case, the surface structure of the Al Al
complex with the iron coor-dination can be \Fe/
depicted as follows: /N

97



XUMWYECKHH )KYPHAJI KA3AXCTAHA

In this structure, it is considered that the surface ligands of the iron ion are
oxygen, previously associated with a proton carrier and atoms (aluminum silicon).
However, this structure may be the dominant, but not the only. It is possible that
in the formation of a surface complex, in view of the heterogeneity of the zeolite
surface, a certain set of coordination states is realized, the proportion of each of
which depends both on the conditions of preliminary dehydration of the carrier
and on the amount of the complex. Heterogeneity focal states, apparently increa-
ses with increasing temperature and dehydration with increasing concentrations of
surface complex; this causes a large number of allowed optical transitions, re-
sulting in a product of almost black color. )

Source "cells" size zeolite CaA not more 11,64, therefore, should be obser-
ved difficulties in penetrating molecules of iron oxide into the inner cavities of the
zeolite, especially considering the possibility of adsorption of molecules in the
input "cells". Since the nature of the active centers of the zeolite is the same, com-
paring the results of hydrogenation of fuel oil on iron-containing catalysts on an
alumina-silicate substrate allows more clearly to reveal the effects associated with
the screening action of the latter.

When Fe,O; converted to aluminosilicate gives less than 1% of the decom-
position products, so the depth of hydrogenation was calculated in the weight (%)
content of paraffins. Determined amount of gas and coke fraction.For the adopted
depth decomposition gas amount + fraction. Reducing the coke yield apparently
due to the difficulty of penetration of the molecules of the heavy hydrocarbon
feedstock into the inner cavity of the zeolite catalyst Fe,O;.Consequently, with
the increase in zeolite activity, the more energy-intensive coke production by the
condensed mechanism increases more rapidly than by the redistribution-poly-
merization mechanism.

Conclusion. Thus, analysis of the data leads to the conclusion that the cata-
lytic oxidation of n-paraffin relative reaction speed depends on recent process
mechanism. In the case of stepwise mechanism oxidation rate increases with
increasing number of carbon atoms per paraffin molecule. Thus, the reaction rate
is limited by the interaction of the hydrocarbon with the surface of the catalyst
Fe,05/CaA, at which the CH bond in the paraffin molecule.
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MA3YT OPAKIUACBIHBIH TUJPOI'EHU3ALIA YPAICIHAEI'T
OEOJIMT HETT3IHAE KOMITO3UTTI KATAJIM3ATOPJIAP/IbIH ©CEPI

KeMmipcyTekTi NIMKi3aT OpraHUKaJbIK KOHE MUHEPANbI 3aTTapIblH KOCHAachl OOJIBII
CaHAJIBII, KOHJCHCUPJICHTEH apOMAaTHUKAIIBIK KOMIPCYTEKTEPIHEH JKOHE YKOFaphl MOJIEKY-
JIANBIK KOCBUIBICTap/aH Typaabl. Makanaga ayblp KOMIpCyTeri INUKI3aTbIHBIH — Ma3yT
(pakIMSICBIHBIH THIPOTeHU3AIMS HOTHKENEpi KopceTini. Ma3yT (hpakiusIChIHBIH 1IEOIHT
TachIMaJIJaFbIIbl KATHICBIH/A, JKOFApPBIANCIIEPCTI TEMIp JKoHE KOOaIbT Kypambl KOCHI-
JIBICTApMEH UMITPETHUPIICHTEH KOcIalap KaThICBIHAAFEl THAPOTEHU3AIMS YPIICI HOTHKE-
CiHJe Keleci TYKBIPbIM jkacayra OOJabl, CHHTE3/ICNICH KaTaln3aTop 3epTTey HbIca-
HBIHBIH THAPJICY, THAPOJECTPYKINS YPAiCTepl Ke3iHAe KOFaphl OEJICEHIUIITIH KopceTesi.
Ia3, ¢pakums MeH KOKC Kenemzepi aHBIKTanAsl. blneipay Tepenmiri perinae raz+dpak-
OUSCBIHBIH KOCBHIHABICH! aNbIHFaH. L[eomuTTiH OelceHAiNiriHIH KOFapiaybIMEH SHEpPro-
BIHFAHJIBI KOKC TY31Tyl KaiiTa Oely-IojnMepH3aldsulaHy MeXaHH3MMEH CaJbICTBIpFaHIa
KOHICHCANUsIay OOMBIHIIIA TE3IPEK KYPEIl.

Tyiiin ce3nep: ruaporeHu3anys, MazyT QpPaKiHsICh, TEMIIEPATYPa, CYTEri KbICHIMBI,
KaTaau3arop.
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K. C. Axmemxapumosa, 3. M. Mynoaxmemos, O. A. Hypkeros,
A. T. Opoabaesa, M. U. baiixenos, /. C. Hcabexosa

BJIMAHUE KOMITO3UTHBIX KATAJIM3ATOPOB HA OCHOBE LIEOJINTA
B ITPOLIECCE TMJIPOTEHU3AIINN ®PAKIINU MA3YTA

VYT1eB0OIOPOHOE CHIPHE COCTOMUT M3 KOH/IEHCHPOBAHHBIX apOMaTHYECKUX YTIIEBOJI0-
POIIOB M IPYTHX BBICOKOMOIICKYJISIPHBIX COCIMHEHUH, SBISCTCS CIOXHON CMECHIO Oopra-
HUYECKAX U MUHEPAIBHBIX BEMIeCcTB. B paboTe mpeacTaBiIeHBl pe3yIbTaThl THIPOTeHN3a-
MU TSHKEIIOTO YTIIEBOJIOPOIHOTO CHIPhS — ppakiui Ma3yTa. B mpomecce ruaporeHn3anuu
(bpakiu Ma3yTa, B MPUCYTCTBHU LEOJIUTHOTO HOCHTEINSl, UMIIPETHUPOBAHHBIX BBICOKO-
JICTICPCHBIMU KEe30COACPIKAIMMHU JJ00aBKaMH, MOKHO KOHCTATHPOBATh, YTO CUHTE3H-
POBaHHBIH KaTaJIM3aTOP MPOSIBISIET BBHICOKYIO aKTHMBHOCTH B TpOIECCaX THAPUPOBAHUS,
THUAPOECTPYKIIMU 00BbekTa nucciaenoBanusi. Onpeaensioch KOJIUIeCTBO ra3a, Gpakiuu U
KOKca. 3a TIyOHHY pa3ioKeHHs MPHUHATa cyMMa ra3+@paxmus. C MoBBIICHHEM aKTHBHOC-
TH 1IeojuTa 0oJiee IHEProeMKoe 00pa3oBaHKe KOKCa M0 KOHICHCUPOBAHHOMY MEXaHU3MY
HapacTaeT ObIcTpee, YeM I0 NepepacIpeaeInTeTbHO-TT0TMMEPU3AIIMOHHOMY MEXaHU3MY.

KiroueBble ciioBa: rugporeHusaiys, Gpakius Ma3yTa,TeMIepaTypa, TaBICHUE BO-
JIOpOJIa, KaTalln3aTop.
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PHYSICAL-CHEMICAL PROPERTIES OF CATALYSTS
FOR DESTRUCTIVE HYDROGENIZATION
OF OIL DEASPHALTIZATE

Abstract. The physicochemical and catalytic properties of catalysts and their pre-
paration for destructive hydrogenation of asphalt-free oil are found out in the article.
Favorable conditions for obtaining effective catalysts of the hydrogenation process were
determined. Also, the process of thermal regeneration of the working zeolite and the sur-
face-acid properties of the Ca-zeolite catalyst was studied.

Key words: catalyst, deasphaltizate, destruction, hydrogenization, thermo-regene-
ration, adsorbent, zeolite, regeneration, sieve, extrudate.

Introduction. It is known that catalysts containing metals of Group VIII of
Mendeleev's (Pt, Pd, Co, Niand etc.) periodic system possess high hydrogenating
properties. But their use for hydroprocessing petroleum products with sulfur-,
nitrogen-, oxygen- and organometallic impurities is inexpedient, since they are
rapidly poisoned. In the hydro processing of residual petroleum products, the
depth of their conversion, the quality and quantity of the "light" distillates thus
formed depends on the catalytic properties of the using catalysts [1, 2].

It is established that the use of nickel in combination with molybdenum
makes it possible to obtain a catalytic system with hydrodehydrogenic and acidic
properties, and when this system is converted into a sulphide form, the activity,
the functionality of the system in acid catalysis is more increased. Nickel is a
molybdenum system because it is the most active catalyst of processes: for hydro-
genation, isomerization, dehydrocyclization, hydrodenitrogenation, hydrodesul-
furation, it exhibits polyfunctional properties, is stable to the deactivating actions
of sulfur-, nitrogen-, oxygen-organic compounds. Treatment of this system with a
sulfur organic compound or hydrogen sulphide increases its activity in redox and
acid catalysis. In view of the above, the elaboration of polyfunctional catalysts for
the destructive hydrogenation of oil deasphaltizatewas carried out on the basis of
nickel and molybdenum compounds on various refractory acid supports: spent
zeolite after thermal regeneration ZnAl,O, and BaAl,O4 [3-6].

Due to their specific surface properties, crystalline aluminosilicates are
widely used as a carrier and isomerizing phase in multicomponent catalysts.
Depending on the type and concentration of acid sites of zeolites, especially CaA,
they are widely used in isomerization, alkylation, polymerization, cracking, hyd-
rocracking processes.
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Synthetic zeolites are widely used in various industries. The large-tonnage
consumer of zeolite CaA as an adsorbent is the Shurtan gas processing plant. Due
to the lack of a local zeolite, it is purchased for foreign currency. At present, a
huge amount of environmentally hazardous industrial waste is accumulated in the
dumps of the plant - the spent adsorbent CaA, which is subject to regeneration,
which can be used for the production of local zeolite. Taking this into account,
using modern physicochemical methods of analysis that allow us to study the
processes occurring during the processing of the spent zeolite, we have estab-
lished methods for regenerating the adsorbent in which the zeolite retains its
structure and exhibits high surface acidic properties, which makes it possible to
use it as a destructive hydrogenation catalyst oildeasphaltizate.

RESULTS AND DISCUSSION

Investigation of the process, thermal recovery of spent zeolite. It is known
that the thermal treatment of zeolites allows the removal of impurities, especially
of organic nature. The thermograms of spent CaA zeolite obtained from the
Shurtan MCC are given in figure 1. As follows from the thermogram, the exoef-
fect at 200 °C corresponds to the removal of structural water. The pronounced
exothermic effect with a maximum at 362 °C refers to the removal of the residual
part of organic compounds adsorbed in the purification of natural gas containing
sulfur, nitrogen and resinous substances. Weak "Exoeffects" in the region of 500-
600 °C are due to the burnout of strongly adsorbed organic substances, which is
accompanied by a slight weight loss, and from 700 to 990 °C, zeolite is sintered
without losing weight.

362

Norepa mace,, %

aTA

10—

0 200 400 600 Temnepatypa, 2C
Figure 1 — The thermogram of spent CaA zeolite,obtained from Shurtan MCC
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Thus, the temperature ranges for the recovery of the spent CaA zeolite and
the limits of the temperature effect on this sorbent were established, and its
surface-acid properties were investigated.

In practice, in order to increase the surface acid properties of the zeolite, it is
activated by anions of mineral acids. In our case, the thermoregenerated zeolite is
activated by an aqueous solution of acidsHCI, H,SO4 and HNO;.The activation
carried out for 11-12 hours at room temperature. Table 1 show the results of
the study of the change the surface acid-base properties of the zeolite calcined at
600 °C, depending on the concentration of acid.

Sounding of acid sites by the position of the absorption peak of the indicators
was carried out: a) after adsorption on samples without preliminary heat treat-
ment; b) after drying at 200 ° C; c) after calcination at 600 ° C. The results of the
study showed that on hydrated samples phenolphthalein is adsorbed in a colorless
acid form, i.e. the main centers with pKa>9,3are absent. Bromphenolbluou - an
indicator for weakly acid centers with pKa~ +3,8is adsorbed on hydrated samples
mainly in two forms. As a result of adsorption on weakly acid and weakly basic
centers, (+3,8 <pKa< +9), an absorption band with high extinction is observed in
electronic spectra, the maximum of which is about 600-610 nm (the first form),
the presence of centers with pKa< +3,8indicates the appearance of a less intense
absorption band at 430 nm (the second form) from bromophenolblau ionized at
acid sites. On samples activated with 5% hydrochloric acid, only acid sites with
pKa of less than 3.8 are observed. A similar picture is observed for the indicator
benzazolazodiphenilamin pKa<+1,5. A study of the surface of the samples dried
at 200 ° C before the beginning revealed the presence of Bronsted type centers
with pKa about -3. Only the samples treated with 3.0% sulfuric and nitric, as well
as 5.0% hydrochloric acid, found stronger Bronsted centers with pKa< -6.

The strength and concentration of acid sites is increased by an increase in the
pretreatment temperature of the surface to 500 °C. Moreover, in addition to pro-
ton ones, Lewis acid sites are also identified on individual samples (table), which
disappear at dehydration. It is known that, under equal conditions, the acidity of
various types of zeolites increases with an increase in the degree of exchange of
metal ions with protons. In the absence of information on the degree of exchange
of aluminum and calcium ions, we have attempted to find a correlation between
the concentration of acid sites and the concentration of the activating solution
containing these ions. From the data of table 1 it can be noted that within each
series of samples the maximum concentration of strong acid sites is -6<pKa<-3,
for samples calcined at 600 °C just before probing and -6<pKa<-3 for samples
dried at 200 °C, for activation with a 5.0% solution of hydrochloric acid. At the
same time, the concentration of the centers on the samples prepared at 600 ° C
increases markedly. It is here that aprotic acidic centers are observed, which are
particularly pronounced in the case of treatment of sulfuric acid zeolite. As
follows from the data in table 1, activation of thermoregenerated zeolite with an
aqueous solution of mineral acids enhances its surface-acid properties to a certain
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The change of surface of the zeolite calcined at 600 °C depending
on the concentration acid and its acid-base properties

Concentration (mmol/g) of acid-base centers
with pKa on the surface of activated solutions Site
Samples and condition and mineral acids with different concentrations type
8 | 63| 56| 33| +1,5|+38|+93
1. Spent (unregenerated) B B B 0.05 | 0.13 | 038 B B+L
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‘s O‘;H ol - ~ 1003008030030 - B
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- 0,04 | 0,07 | 0,13 | 0,15 | 0,21 - B+L
8. 3,0%H,S0, ’ ’ ’ ’ ’
h] :‘Q__ -
o Aﬁ Z i
o ]F 11 Sz,
s 2 1MV -
S T I A
= | Bl
= = r | g8
a 2o { { |
k./-[ \.J R.J\".V \
A F . 7
o s -
g s 3 ,
Bl
m = a
- = | 2w
T3 RaTLe [ | = ]
+ w =3 | I
E o | -
| LA
] ] ] ] ]
28, rpag

Figure 2 — X-ray patterns:
a) initial zeolite; b) a thermoregenerated zeolite;
¢) a zeolite activated with hydrochloric acid
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Figure 3 — ESD of zeolite CaA: a) thermoregenerated;
b) activated by1.0; 2.5; 5% HCI solution and dried at 200 ° C; c¢) calcined at 600 °C

extent, which increase with an increase in the concentration of the activating acid
to 2.5%, and then decrease. The activating action of solutions of sulfuric and
nitric acid is much lower than that of hydrochloric acid. Taking into account
that the isomerization reactions proceed mainly on acidic centers with pKa =
= -3,3+3,8 mmol/g, an aqueous solution of hydrochloric acid with a concentration
of 0,1% was used as an activating additive. In the process of processing the
thermoregenerated zeolite with this solution, a whole set of acid sites of various
strength and concentration appears on the surface of the adsorbent. In the regene-
rated zeolite, its structure does not change, as evidenced by the X-ray diffraction
pattern (figure 2, a, b, ¢) and ESTD (figure 3, a, b, ¢).

Conclusion. Thus, when studying the process of thermoregeneration of spent
zeolite, the temperature ranges for the recovery of spent CaA zeolite and the
limits of the temperature effect on this sorbent were established, the effect of
mineral acid anions on the surface-acid properties of CaA zeolite was
studied.Based on the data obtained, methods for the preparation of catalysts for
the destructive hydrogenation of oildeasphaltizatehave been developed and their
physicochemical and catalytic properties have been studied.
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MYHAM JEAC®AJIbTU3ATBHIH T'MIPOT EHU3ALIUSTIAYFA APHAJIFAH
KATAJIM3ATOPJIAPABIH ®U3NKO-XNUMUAJIBIK KACUETTEPI

MyHaii neacdanbTU3aTbH THAPOTCHU3ANMSIIAYFa apHAIFaH KaTalu3aTopiapabl aimy
JKOHE oNapblH (U3NKO-XUMHSIIBIK KacueTTepi 3eprrenred. CaA-TypiHAeri HHONINTTI Kak-
TaK KaJIblHA KENTIpy YIIiH TepMOpEreHepanusuiay jKoHe Ie0JUT OeTIHIET] KbIIIKBUIIBIK
OPTaJBIKTap KapacThIPbUIFaH.

Tyiiin ce3mep: karanmuszarop, neacdaibTh3aT, ACCTPYKLHS, THAPOreHe3alusiay,
TepMOpereHepanusiay, afcopoeHT, IICOJIUT, KbI3IBIPY.

Pe3rome

1I. H. Amaynnaes, b. A. Masnanos, C. @. Do3unos,
B. H. Axmeoos, A. V. Ouunos, M. M. Tunasosa

OU3NKO-XUMUUYECKHUE CBOMCTBA KATAJIM3ATOPOB
JJ TUAPOTEHU3AIIUU JEACDAJTIBTU3ATA HEOTU

B pabote mpuBemeHBI CIOCOOBI TONXYYCHUS KaTaTU3aTOPOB [UIS JECTPYKTHBHOM
rUporeHu3almu jaeacanpruzara HeTH U U3yUIeHbl UX (PU3UKO-XMMHYECKHE U KaTalu-
THYECKHE CBOMcTBa. Takke HCCIENOBAaHBI MOIECC TEPMOPETeHEPAIlMd OTPAOOTAHHOTO
LICOJIUTA U MIOBEPXHOCTHO-KUCIIOTHBIC CBOMCTBA KaTaIM3aTOpOB Ha OCHOBE neosuta CaA

KawueBble cioBa: karanmuzarop, aeacdanbTizar, HeCTPyKIHUs, THAPOTCHU3AINS,
TEepOMOpEeTeHepalys, aJICOPOCHT, LIEOJTUT, MPOKAIIKA.
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SYNTHESIS OF NEW NANOSIZED (NANOCLUSTER)
COBALT (NICKELITE)-CUPRATE-MANGANITES

Abstract. Synthesis of cobalt (nickelite)-cuprate-manganites of the composition
LaMgCoCuMnOg and LaMgNiCuMnOg were carried out by solid-phase interaction of
stoichiometric amounts of La,0; ( extra-pure grade), NiO, CoO, CuO, Mn,03; and MgCO;
(analytical grade) in the interval 800-1200 °C for 20 hours. To obtain equilibrium phases
at low temperatures, low-temperature annealing was carried out at 400 ° C for 10 hours.
On a vibrating mill of “Retsch” company (Germany) of the "MM301" brand, polycrys-
talline samples of new compounds were ground to nanoscale (nanoclusters) particles. The
dimensions of the nanoclusters are determined using the “JSPM-5400" Scanning Probe
Microscope "JEOL" electron microscope. X-ray phase analysis of new nanosamples were
carried out on a DRON-2.0 unit. The analytical method of X-ray indications is established
that the synthesized compounds are crystallize in cubic syngony with the following
lattice parameters: LaMgCoCuMnO, — a=14,12+0,024; V°=2814,87+0,06A% Z=4;
Voueai=703,72+0,02A%  pxpy=4,19g/cm’;  LaMgNiCuMnOs —  a=14,38+0,024;
V°=2973,56£0,06A°; Z=4; Vq can =743,39+0,02A%; pyx_oy=4,22g/cm’.

Keywords: synthesis, cobalt-cuprate-manganite, nickelite-cuprate-manganite, lan-
thanum, alkali, alkaline earth metals, X-ray, nanoscale, nanoclusters.

The end of the XX century and the beginning of the XXI century were
marked by outstanding discoveries in the field of inorganic materials science: the
discovery of superconductivity in cuprates, giant (colossal) magnetoresistance in
manganites of rare-earth elements partially replaced by alkaline-earth metal
oxides [1, 2]. Along with these discoveries, the effect of a giant value of the di-
electric constant in nickelite La;ssSr;sNiOy4, has recently been revealed, which
opens up good prospects for technological solutions in electronics [3].

In connection with the above, in order to obtain new promising compounds,
the results of synthesis of nanoscale (nanocluster) cobalt-cuprate-manganite and
nickelite-cuprate-manganite of lanthanum and magnesium LaMgCoCuMnOg and
LaMgNiCuMnOyg are given in this paper. Earlier, we studied cobalt-manganites,
nickelite-manganites and cuprate-manganites of rare-earth, alkaline and alkaline-
earth metals [4-10].

The synthesis of the above LaMgCoCuMnOgs and LaMgNiCuMnOs was
carried out by solid-phase interaction of the reagents in the range of 800-1200 ° C
according to the reactions:

0,5La,03;+Co0+Cu0+0,5Mn,0;+MgCO; = LaMgCoCuMnOg+CO,, (1)
0,5La203+NiO+CuO+O,5Mn203+MgCO3 = LaMgNiCuMn06+C02. (2)
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The purity of the starting materials: La,O; — “extra-pure grade” and the rest-
qualification “analytical grade”. The annealing time at 800-1200 ° C is 20 hours.
Before each increase through 200 °C (800 °C, 1000 °C, 1200 °C) the mixtures
were cooled and thoroughly mixed. For stable at low temperature modifications
annealing was carried out at 400 ° C for 10 hours.

Nano-sized particles of synthesized new compounds were obtained by
grinding them on a vibratory mill of the company "Retsch" (Germany) of the
brand "MM301". Speed from 3 to 30 Hz (180-1800 vibrations per minute). The
grinding time is 40-60 minutes.

The sizes of the crushed particles were established on an electronic micro-
scope JSPM-5400 Scanning Probe Microscope "JEOL" (Japan). The electron mic-
roscopies of the investigated compounds are shown below (figure 1).
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Figure 1 — Electron microscopy of LaMgCoCuMnOg (a) and LaMgNiCuMnOg (b)
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Table 1 — Indication of X-ray patterns of powders of nanoscale (nanocluster)

cobalt-cuprate-manganite and nickelite-cuprate-manganite

e d, A 10Yd’ . hkl 10Y/d” .
LaMgCoCuMnOg
18 3,920 650,8 422 651,0
6 2,944 1154 599 1166
100 2,763 1310 444 1302
19 2,503 1596 731 1600
13 2,464 1647 650 1654
4 2,340 1826 733 1817
22 2,251 1973 830 1980
14 2,120 2225 910 2223
29 1,952 2624 940 2630
5 1,745 3284 11.0.0 3281
4 1,695 3481 880 3471
34 1,592 3946 11.5.0 3959
9 1,494 4480 10.8.1 4474
6 1,462 4678 13.2.0 4691
12 1,377 5274 13.5.1 5288
6 1,300 5917 13.7.0 5911
13 1,232 6588 15.3.3 6589
7 1,224 6675 14.5.5 6671
LaMgNiCuMnOg
3 4,82 430,4 410 431,0
16 3,89 660,8 510 658,3
3 2,952 1147 630 1139
100 2,756 1317 640 1317
12 2,426 1699 733 1696
8 2,314 1868 750 1874
19 2,249 1977 752 1974
26 2,098 2272 930 2279
29 1,945 2643 10.2.2 2633
5 1,867 2869 10.3.2 2861
8 1,743 3292 11.3.0 3291
3 1,700 3460 11.4.0 3469
13 1,484 4541 11.7.3 4532
15 1,374 5297 10.10.3 5291
4 1,296 5954 15.3.1 5950
7 1,263 6269 14.6.4 6279
13 1,230 6610 16.2.1 6608
7 1,212 6808 16.3.2 6811
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X-ray diffraction study of nanophases was carried out on a DRON 2.0. The
intensity of the diffraction maxima was estimated from a one-hundred-point scale.
The X-ray diffraction patterns of the compounds were determined by the analy-
tically method [11]. Below in table 1 shows the results of the X-ray diffraction.

Based on the indication of the X-ray patterns of the new nanoscale (nano-
cluster) compounds established that they crystallize in a cubic system with the

following  lattice  parameters: LaMgCoCuMnOgs - a=14,1 2+0,024;
1°=2814,87+0,064°; Z=4; V’qca=703,72£0,02 A%,  pxy=4,19 glem’;
LaMgNiCuMnOg - a=14,38+0,024; 1°=2973,56+0,064°; Z=4;

V4 cel=743,39+0,02 4°; Pxra=4,22 g/cm3. Satisfactory agreement of 104/dzexp. and
10%/d’ ... shows the correction of the results of the indication.

Thus, nanoscale (nanocluster) cobalt-cuprate-manganite LaMgCoCuMnQOg
and nickelite-cuprate-manganite LaMgNiCuMnOg were synthesized for the first
time. The type of their syngony and parameters of the lattices were determined.

The work was carried out in accordance with the agreement concluded
between the Ministry of Education and Science of the Republic of Kazakhstan
and Zh.Abishev Chemical-Metallurgical Institute under the grant of (IRN:
AP05131317, AP05131333).
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Pe3zrome

b. K. Kacenos, IlI. b. Kacenosa, K. U. Cagvinmaesa,
M. O. Typmybaesa, E. E. Kynviubexog

KAHA HAHOOJIIIEM/I (HAHOKIJICTEPJIIK)
KOBAJIbT (HUKEJIUT)-KYITPAT-MAHI' AHUTTEP/IIH CUHTE3I

Conrbr  popmynacer LaMgCoCuMnQg xoHe LaMgNiCuMnOg 60aThiH KOOAIBT
(HMKEJTUT)-KynpaT-MaHraHUTTepAiH cute3i La,O3 (Mapkacs! «aca taza»), NiO, CoO, CuO,
Mn,0; xone MgCOj; (kBannpUKaNUICH «Tajlay YIIIH Ta3a) CTEXHOMETPHSLIBIK OJIIIeM-
nepin 20 carat 60iib1 800-1200 °C kaTThI (ha3aibl SpeKeTTECy KOIBIMEH HKYPTi3ii.

Temen Temmnepatypaza tene-TeH (azanap ajgy YIIIH TOMEH TeMIlepaTypaliblK KbI3-
nbipy sl 10 carar 6oiibt 400 °C xypriziimui.

Retsch (I'epmanus) komnanusiceiablH «MM301» mapkaiibl BUOpaLMSUIBIK JHipMe-
HIHJE YTITY OJIbIMEH MOJHMKPHUCTAJIBIK YJrUlep HaHoemmeMmi (HaHOKJIacTepiik) 0el-
miekke neitin yritingi, «JSPM-5400» Scanning Probe Microscope «JEOLy» (SImonwust)
ANEKTPOHIBIK MUKPOCKOIBIHBIH KOMETIMEH OJIap/IbIH OJIIIeM/IEPi aHBIKTANIbI.

JAPOH-2,0 nudpakroMeTpiHne albplHFaH KaHa HAHOYJTIEpre peHTreHOo(as3abIK
Tanjay OKypri3uimi. PeHTreHorpamMManapblH aHAIMTHKANBIK OMICHCH HHAMIHPIICY
OapbIChIHA CHHTE3/IEIIHIN aNbIHFaH KOCBUIBICTAp TOP KOPCETKIITEpl Kenecineil KyOThIK
CHHTOHMSIIa KPUCTAJIAHATHIHBI aHBIKTAJI/IbI:

LaMgCoCuMnOg - a=14,12+0,024; V°=2814,87+0,06A°%; 7=4;
V%40 =703,7240,02A%;  ppe;n=4,19r/cM’;  LaMgNiCuMnOg —  a=14,38+0,024;
V°=2973,56£0,06A%; Z=4; V°,, ,=743,39+0,02A%; p s =4,221/cM’.

TyiiiH ce3mep: cuHTe3, KOOAIBT-KyNpaT-MaHTAHUT, HUKEIUT-KYIPaT-MaHTaHUT,
JIAHTaH, CUITUI, CLITLNI-KEp MeTainapsl, peHTreHorpadus, HaHOeIIIeM/Iep, HaHOKIAC-
Teprep.
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CHUHTE3 HOBbIX HAHOPA3MEPHBIX (HAHOKJIACTEPHBIX)
KOBAJIbTO(HUKEJINTO)-KYIIPATO-MAHT'AHUTOB

CuHTe3 KOOAThTO(HUKEINTO)-KyIpaTo-MaHTaHUTOB B TiepecyeTe Ha KOHEYHBIC
¢dopmynsr LaMgCoCuMnOg n LaMgNiCuMnOg npoBoaniym myTeM TBepaodasHoro B3au-
MOJICHCTBHS CTEXHOMETPpUIECKHX KommdecTB La,O; (Mapku «oc.4.»), NiO, CoO, CuO,
Mn,0; u MgCO; (kBamuduranuu «d.1.a.») npu Temreparypax 800-1200 °C B TeueHue
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20 4. JInsg nonydeHus paBHOBECHBIX (pa3 MpU HMU3KHUX TEMIIEpaTypax MpPOBOAWIN HHU3KO-
temnepatypubiid orxur npu 400 °C B Teuenue 10 4. Ha BuOparnmoHHO# MeIbHHUIIE KOM-
nmannu Retsch (I'epmanmst) mapkun «MM301» monukpucTanIMYecKue 00pasibl HOBBIX
COEIMHEHUH N3MENTbUEHBI 10 HAHOPa3MEPHBIX (HAaHOKJIACTEPHBIX) YACTHUII, Pa3MepPhl KOTO-
PBIX ONpeseNeHbl ¢ UCIIONB30BaHMEM 3JIEKTPOHHOTO MHUKpockorna JSPM-5400 Scanning
Probe Microscope «JEOLY.

PentrenoazoBblif aHaIM3 MOMYyYEHHBIX HOBBIX HAaHOOOPA3IOB NMPOBOIAWIM HA AH-
¢paxromerpe JIPOH-2,0. MHaumupoBaHNeM PEHTTCHOTPAMM COCIMHEHUA aHAINTHYEC-
KMM METOJIOM YCTaHOBJICHO, YTO CHHTE3MPOBAHHBIC COCTUHEHUS KPUCTATU3YIOTCS B KY-
OMYecKol CHHTOHWUU CO ClenyrommMu mapameTpamu pemetkn: LaMgCoCuMnOg —
a=14,12+0,02A; V°=2814,87+0,06A%; Z=4; V°,,,,=703,72+0,02A% p eu=4,191/cM’;
LaMgNiCuMnOg — a=14,38+0,02A; V°=2973,56+0,06A°; Z=4; V°,, ,,=743,39+0,02A°;
Ppesr =4,22 T/eM.

KiroueBble cioBa: CHHTE3, KOOAIBTO-KyNIPaTO-MaHTaHUT, HUKEITUTO-KYIIPaTO-MaH-
TaHUT, JIAHTaH, LIEJOYHBIC, IEJIOYHO3EMENbHBIE METaNIbl, peHTreHorpadus, HaHOpa3-
Mepbl, HAHOKJIACTEPHI.
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OBTAINING ZINC-CONTAINING MICROFERTILIZERS
METHOD OF MECHANOCHEMICAL ACTIVATION

Abstract. Glauconite by H;PO, was processed in mechanical-thermal and thermal
system in different mass ratios. As a result, it was found that the efficiency of MCA-ther-
mal treatment was higher than thermal treatment. IR spectra and x-ray fluorescence ana-
lysis were performed.

Key words: thermal, mechanical, glauconite, microfertilization, phosphoric acid.

Now along with fertilizers, mineral micro-fertilizers composed of macronut-
rients rise high interest in agriculture. If there is no trace element in the soil, the
quality of the product will be low and will lead to plant disease. According to the
proven scientific and experimental data, low agricultural production is due to the
lack of trace elements in the soil [1]. Trace elements play an important role in
the normal functioning of enzymatic systems in the physiological processes of
plants [2].

Chloride, manganese, molybdenum, zinc, copper and cobalt play an impor-
tant role in the nutrition and formation of the plant. Trace elements are present in
physiological and biochemical processes. Synthesis of proteins, fats, carbohyd-
rates, phosphorus and compounds occurs along with the presence of zinc. Zinc
increases vitamin C, carotene in plants. It strengthens the heat resistance and frost
resistance of the plant. Deficiency of zinc elements will lead to fine foliage and
fruits. Zinc deficiency is strongly felt especially on the plant grown in carbonate
soils: vegetables, maize and fruit trees. Because in this soil, there is a low level of
zinc sulphate,villemit, calamine, etc. and theyare in the form of compounds. In the
soil in theterritory of Kazakhstan zinc is between 47-59 mg/kg per kilogram.
Different levels of zinc are associated with soil-forming rocks, their mechanical
composition and agrotechnical measures [5].

In General, the soil of Kazakhstan is rich in manganese and boron, but has
lack of zinc and molybdenum, although copper is provided in an average degree.

For a plant its useful to have in soil water-soluble compounds of molyb-
denum and boron, salts of bivalent iron and manganese, as well copper and zinc
cations as part of a complex of water-soluble nutrient absorption of soils are use-
ful. When using movable plant typesusually fertilizers of micronutrients absor-
bing types are used and at the same time their size is counted.

Provision of soils with movable trace elements affects the determination of
the size of fertilizers which are used in agricultural crops and the growth of this
plants.
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In the areas of Northern, Southern, Central Kazakhstan usually have black
soil, Matt black and brown soil, brown and black soil, light black soil, copper and
cobalt have an average level of provision of movable elements, manganese and
boron level is higher, level of movable types of molybdenum and zinc are lower.
In Almaty and Taldykorgan regions 5-8 mg per kilogram of dark chestnut soil and
2.5-3.0 mg of immovable copper in Zhambyl and South Kazakhstan regions [6].

Polymicrogyria zinc dark gray, contains 25% zinc, produced in powder form.
Used seed treatment (repor t 4 kg per 1 ton of seeds) impregnation into the ground
(12-20 kg per hectare in the report)

Scientists from Uzbekistan have proved in scientifically-based experience by
usingglauconitic rocks in the industry and agriculture [7, 8].

Based on the results of long — term experiments, the following conclusions
were made: (R,O + RO)Re,05-4Si0,-2H,0 glauconite-valuable, traditional, but
there are potassium, R,0-Na,O and K,0, RO-MgO, CaO, FeO, ReO, R,0;-Al,04
and Fe,0s. good effect on plant growth, yield of raw materials. The results of the
experiments are good with rice.

Sugar in the Rostov region, the experiment was done on sugar beet, the
productivity of culture according to GJI increased by 14-18 t/ha. The results of
the experiment with potatoes went well.

Talking about the requirements for glauconite: the requirement of glauconite
is still not approved by GOST. The recommendation was presented by the Rostov
and Uzbek geologists, also by group of chemists.

In a certain area of production of glauconite and the possibility of application
in many worksare provided [9].

Summing up the results of the literature review, current problem is to use
glauconitefertilizers, especially produsing new types of glaukopis and glucocare
by using production technology can be rational consideration.

Information about the scientific work under glaukonit conversion at high
temperature is very rare.

Therefore, the aim is to produce fertilizers by activating glaukonit phospho-
ric acid and Zn*" salts.

EXPERIMENTAL PART

As a source of raw materials in Kostanay region Sokolov-Sarbai mine used
glauconite K<1(Fe’* Fe’", Al,Mg)2-3[Sis(Si, A1)O,0][OH]2-nH,0.

As an additive to Glauconite, 40% of orthophosphoric acid was used.
Glauconite (G) and 40% phosphoric acid (H;PO4) was produced by spraying
through batcher in 1:1, 2:1, 3:1, 4:1 mass communication.The ratio of mass of
Ball and other ingridientsare 25:1, reaction duration is 15 minutes mechanical;
rotation frequency is 300 rpm.

Mechanochemical processing of glauconite is made by — modern 2SL brand
planetary dirmode in two reels.

Favorable conditions of firing the process were obtained: T=450 °C, t=45 min.

Heat treatment was carried out in a volume of 45 min mass of the sample.
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For the study of fertilizer properties ZnSO,4-7H,0 salt was used.

Glaukonit modification was considered in two ways: thermal and mechano-
thermal processing (heat treatment and MOSS). The modification was carried out
according to the specific methodology.

To detect changes of modified characteristics of the glauconite, structural
and electronic microscopic method, x-ray analysis, infrared spectroscopy method,
x-ray fluorescence analysis (elemental analysis), differential thermal analysis and
atomic absorption analysis methods were used.

Zn* " salt solution 60 pg/ml, 500 pg/ml, 1000 pg/ml concentration solutions
were prepared in three models. In a flask with 200 ml of the prepared solutions on
the filling cone, 2g were placed in each three cone kobas. The flask is stoppered
and fixed by cone mixer machine for 60 min. At the end of sorption of solutions,
are filtered by paper filter of d=12 cm "blue ribbon". Chemical analysis were
made. As part of the filtrate Zn> " ion concentration of is determined by the atomic
absorption analysis method.

RESULTS AND ANALYSSIS

The mixture of Glauconite and phosphoric acid obtained by thermal and
chemical, mechanochemical way after processing were conducted by a special
methodology (tables 1, 2).

Glauconite-H;PO4 (40%) of ZnSO,4-7H,0 system, obtained by the results of
various characteristics after heat treatment of the product salt concentration of
Zn*" jons 60; 500; 1000 mg/ml P,Oscit in low concentrations falls. It’s also seen
obviously during mechanochemical and chemical treatment.P,Oscit.men's. G. signi-
ficance of the Supreme size is: HyPO, =1:1 mass relationship of Zn>" ions of 60 pg/ml
of P,O 5 concentration is observed, the size of 32,07% was revealed (table 2).

Table 1 — Heat treated samples P,Os size

The ratio Co (Zn*h, P,0s total, P,Os the citrate Kdecompose:
of the sample mkg/ml % solution, % %

60 29,85 22,73 76,14

G: H;PO, =1:1 500 18,81 13,92 74,00
1000 12,97 8,86 68,30

60 30,46 20,53 67,39

G: H;PO, =2:1 500 14,26 9,37 65,70
1000 14,02 9,16 65,30

60 23,03 15,43 66,99

G: H;PO, =3:1 500 11,99 8,90 66,99
1000 11,89 7,28 61,22

60 12,14 6,70 55,18

G: H;PO, =4:1 500 11,78 5,13 43,54
1000 12,01 5,82 45,96
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Table 2 — Glauconite-H;PO, (40%) system ZnSO,-7H,0O MOSS concentration
of various salts-characteristics obtained after heat treatment of the product

The ratio Co (Zn*h), P,Ostotal, P,0;s the citrate Kdescomposes

of the sample mkg/ml % solution, % %

60 36.22 32.07 88.54

G: H:PO, =1:1 500 21.00 17.92 85.33

1000 16.58 13.86 83.60

60 24.15 19.53 80.86

G: HyPO, =2:1 500 18.36 16.37 78.82

1000 13.01 10.46 72.50

60 21.38 18.32 76.33

G: H;PO, =3:1 500 14.99 11.90 74.42

1000 11.89 9.28 77.27

60 15.14 11.70 75.29

G: H;PO, =4:1 500 12.78 10.13 63.00

1000 8.01 7.82 60.17

IR spectroscopic results of the study:

Phosphoric acid 40% raw glauconite glauconite activated mechanochemi-
cally in respect of samples and infrared spectroscopy Specord-M80 installation
tabledesign 4000,0 KBr-450,0 cm™. Identification of the samples was performed
by comparison with data debating.

Glaukonit primary 6(O;PO) in the area of deformation vibrations of when the
IR spectrum in this area 471,12 oscillation frequency, cm™', which look line. A
frequency at 875.17, 779.28, 797.13, 713.12 cm™) line y (P-OH ) and describes
the relationship of oscillations (figure 1).

However, 1630.69, 1429.17 cm' line & (P-OH )was characterized by
oscillations. And the frequency of 2513.55, 3434.93 cm™ vibrations of OH groups
in the structure of minerals, which characterize the line of interflooroverlappings.
The IR spectrum of the frequency fluctuations of securities, the visible 520.06,
648.85, 608.79 cm™' vibrations sistery PO, " ions, are described. But in contrast to
the phosphate ions it is possible to trace lines. The frequency of oscillations 460,
471 cm’, which are composed of silica-oxygen bond quartz, characterizing the
line looks dynamic. This line of Si-O fluctuations characterizes the valence bonds.
And the frequency 648.85, 694.74, 713.12, 779.28, 797.13, 875.17 cm'l) lines of
the Si-O-Si vibrations and characterizes the figure 1. Glauconite primary any IR
spectra

Glauconite 9, thermally processed (O;PO) in the zone of deformation vibra-
tions of the IR spectrum of the curve 471.12 oscillation frequency, cm™ lines were
visible. A frequency 779.08, 797.13 cm™) line y (P-OH ) and describes the rela-
tionship of oscillations (figure 2).
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Figure 1 — Glauconite primary any IR spectra
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Figure 2 — Glauconite: H;PO, (40%) = 1:1 system Zn® * ions 60 pg/ml,
the concentration of the sample after thermal treatment IR spectrum
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However, 1623.34 cm™ line 8( P-OH) and was characterized by oscillations.
520.30 oscillation frequency, 466.87 cm™ vibrations sistery PO, ions, are des-
cribed. Lines characterize Si-O-Si vibrations. But in contrast to the phosphate ions
it is possible to trace lines. Activated mechanochemically has samples IR spec-
troline 407.66 oscillation frequency, cm-1 line, it was evident that glauconite
0(0O5PO) was characterized by the deformation vibration of connection with the
area (figure 3).

695,19

79877

467,06

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4500
cm-1

Figure 3 — Glauconite: H;PO, (40%) = 1:1 system Zn** ions of 60 pg/ml and
the concentration of the sample after the heat treatment of MOSS IR range

Figure 3 mechanochemical samples activated IR oscillation frequency spec-
troline 779.57, 798.77 c¢m™) lines of y( P-OH ) fluctuations, characterizes the
connection. However, 1629.99 cm™) of the §( P-OH) line was characterized by
oscillations. 514.88 oscillation frequency, 605.19 cm™ vibrations sistery PO,
ions, are described. But in contrast to the phosphate ions it is possible to trace
lines. Frequency 779.08, 798.77 cm™) linescharacterize the Si-O-Si vibrations.
Here you can see that fluctuations in these indicators primary glauconitegilcher.
As well as the Silicon-oxygen bond, the relevant abatacept phosphate ions, cha-
racterizing the intensity increases the vibration frequency of the oscillation
frequencies of floors with lines in the water. Posts (sodium dihydrotes-veils) the
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concentration of water in the composition of interflooroverlappingsazip share
annually, mostly glauconite, as well as interflooroverlappings that characterize
3464.74 water, cm™ frequency of the oscillation intensity decreases. The floor of
the water and the phosphate ions may be the chemical interaction between two.
Each reduction in the size of glauconite in the composition of the mixture, mainly
in the IR spectrum of water, reduces the intensity of the lines characterizing inter-
flooroverlappings. Starting glauconite IR spectrum of vibrations than after heat
treatment and the frequency of mechanochemical Vik-range looks like reduced
frequency. Hence, there were chemical interactions. That is, as a result of pene-
tration into the structure of glauconite mechano-chemical activation of sodium
dihydrophosphate, phosphate ions bind with glauconite water in the composition.

The analysis Rentgen fluorescent glauconite 40% of the samples processed in
accordance with the legislation established the elemental composition phosphorus
limited mechano-chemically vertical mixing change proportionally. During
activation the oxidation of some components and we can say that in connection
with mechano-chemical flight was in lesser extent.

Conclusion.

1. G(glauconite) — H;PO4 (40%) of the system ZnSO47H,O as a result,
identify the optimum temperature for heat treatment. In 450 °C colors were turned
into light brown beige, also was left free .

2. It was determined by rule that G(glauconite)-mass tinasteride system
H;PO4(1:1; 2:1; 3:1; 4:1 ) ZnSO47H,0 salt (60; 500; 1000 pg/ml) whileare
increasing the size of the P,Os is decreasing.

3. Were determined the favorable conditions: G: H3;PO4; =1:1 mass rela-
tionship of Zn2+ ions of 60 mcg/ml concentration 450 °C. Kadyrow, 76,14%.

4. G(glauconite) — H;PO, (40%) of the system ZnSO,4-7H,0 in the treatment
compared to heat treatment with salt K MOSS, 88.54% revealed that.
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KYPAMBIHJIA Zn-5AP MUKPOTBIHAWTKBILIIBIH
MEXAHOXMMUAJIBIK AKTUBTEY APKBIJIBI AJTY

I'nayxonut — H3PO4 sxxylieciHiH opTyp:Ii MaccaliblK KaThIHACTAPbI TEPMHSIIBIK, MEXa-
HOXHUMHUSIJIBIK-TCPMUSUTBIK OHACYAeH oTKi3iumi. Hotmwkecinae tepmusibik emeyre Kapa-
raHna MXA-TepMUSJIBIK ©JeyAiH THIMALTT aHbikTanael. MK-criektpiep MeH peHTreH-
(IIyopecleHTTI Taaay Kypri3iii.

Tyiiin ce3gep: TEPMMSIBIK, MEXaHOXUMHSJIBIK, TJIayKOHHT, MHKPOTHIHAWTKBIIII,
(hochop KBIIKBUTBL

Pe3iome
B. JI. banevuuesa, H. Ceumxanu, I F. Maxabau, K. Camem

TMTOJIYYEHUE Zn-COAEPKAILIX MUKPOY IOBPEHUIA
MEXAHOXVUMHUYECKHUM CIIOCOBOM

ITpoBeneHa TepMHUUECKas ¥ MEXaHOXMMHUUECKass 00pabOTKa B CHCTEME TIAYKOHUT —
H;PO,4 B pa3HbIX MacCcOBBIX COOTHOIICHHUSAX. B pe3ynbrare XUMHUYECKOTO aHallu3a ycTa-
HOBJICHO, YTO MEXaHOXHUMHUYECcKast 00paboTka Oonee 3pdekTrBHA, YeM TepPMUICCKAS.

[MpuBeneHb! pe3yiapraThl uccineaoBanuii MK-CrieKTpoCKONUH U PeHTreHO(Iyopec-
LIEHTHEIE.

KawueBbie c10Ba: TepMUUSCKH, MEXaHOXUMHUYECKUH, TIayKOHUT, MUKPOYI00pe-
HUs, pocdopHas Kuciora.
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STRUCTURE AND ELECTROCATALYTIC ACTIVITY
OF ZINC-CONTAINING COMPOSITES OF POLYANILINE
WITH ANILINE-FORMALDEHYDE POLYMER

Abstract. Zinc-containing composites based on polyaniline (PAni) with aniline-
formaldehyde polymer (AFP) were obtained by introducing ZnCl,, ZnO or zinc dust
treated with ultrasound during the oxidative polymerization of aniline in the presence of
AFP.The structure and morphological features of synthesized composites were studied by
X-ray diffraction and electron microscopy. It is shown that the use of synthesized com-
posites to activate the cathode in the electrohydrogenation of o-nitroaniline is accom-
panied by the electrochemical reduction of zinc (II) cations and the formation of micro-
and nanoparticles of zinc that catalyze the process under investigation.

Keywords: composites of polyaniline with aniline-formaldehyde polymer,zinc chlo-
ride (I), zinc dust, zinc oxide (II), electrocatalytic hydrogenation, o-nitroaniline

Introduction. Introduction of metal-containing inorganic dopants to poly-
aniline (PAni), an electrically conductive polymer with a wide range of practical
and potential significance, allows to obtain new polymer-metal materials with
improved electrically conductive, dielectric, optical, catalytic and other properties.
Zinc-containing PAnicomposites are no exception. Especially much attention is
given to a creation of PAnicomposites with zinc oxide (ZnO)nanoparticles. For
example, the photocatalytic activity of composites based on copolymers of
poly(aniline-co-p-phenylenediamine) and poly(aniline-co-o-aminophenol) with
ZnO nanoparticles (diameter ~ 25 nm) was studied in [1, 2] with respect to the de-
composition of methylene blue under effect of UV radiation. It was established in
[3] that PAni /ZnO nanocomposites are good sensors for ammonium with the high
sensitivity increasing with increase of ZnO content. In [4], the optical and
electrical properties of the PAni/ZnO nanocomposite with an electrical con-
ductivity of 3,0 10 Sm-cm™, which is less than that of the "pure" PAni,
3,4 Cm-cm™, is explained by difficulties in the transport of electrons and electric
charge over a polymer matrix interacting with ZnO nanoparticles. The lowering
the electrical conductivity of PAni/ZnO composites in comparison with PAni and
with ZnO nanoparticles was also shown in [5, 6]. Bactericidal properties were
revealed in polyvinyl alcohol/PAni/ZnO nanocomposites [7], while PAni was
synthesized in a solution of polyvinyl alcohol sol in the presence of ammonium
persulfate.

According to [8], the electrical conductivity is higher, and the anticorrosive
effect is better in the PAni/Zn film nanocomposites (zinc particles of size 35 nm)
in comparison with the PAni/Zn microcomposites (zinc particles of size 60 um).
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When doping PAni by transition metal ions using the electropolymeriza-
tionmethod, a greater effect of Zn*" ions on electrically conductive properties was
observed than Ni**, Co? "and Cu® " ions: in the case the electrical conductivity of
the PAni / ZnCl, composite increases to 6,42 Sm-cm’™ compared to the PAni in
the form of a hydrochloride salt, for which has a value of 1,87 Sm-cm™ [9].

In this paper, the results of studies of zinc-containing composites based on
the mixed PAni+AFP polymer obtained by the introduction of ZnCl,, ZnO or Zn
(zinc dust) in the process of oxidative polymerization of aniline in the presence of
aniline-formaldehyde polymer (AFP) in order to study their structure and elec-
trocatalytic activity are discussed. The addition of AFP to polyaniline is an
attempt to increase the metal content (in the form of its cations or nanoparticles)
by interacting with functional groups of a mixed polymer matrix.Since it is known
[10, 11] that AFP participates in a breaking of chains during oxidative polyme-
rization of aniline, its quantity at preparation of the mixed polymer of PAni+AFP
was limited to an aniline/AFP ratio of 2:1.

EXPERIMENTAL PART

Zinc-containing PAni + AFP composites were prepared by introducing zinc
chloride (II), its oxide ZnO and zinc dust (Zn) in the process of oxidative poly-
merization of aniline (the oxidizer — ammonium persulfate) in the presence of AF-
polymer in the hydrochloric acid medium. Zinc oxide and zinc dust were pre-
treated with ultrasound in distilled water for 20 minutes. Then they were intro-
duced into the reaction mixture after its pH was raised to 7 by addition of 1M
NH,OH solution or 20% NaOH solution. The obtained mixture was left for
24 hours. The precipitate filtered and washed with distilled water, then with
acetone. Composites were dried at 80°C to constant weight. PAni+AFP com-
posites with zinc chloride were also obtained, followed by evaporation of the
solvent without and with thermal treatment at 180°C for 2 hours. The ratio of ani-
line to AFP was 2:1, and the ratio of aniline / ZnCl, (ZnO, Zn) was 1:1 and / or 1:2.
To fabricate all the composites, a thermally treated AF-polymer was used (at
200 °C for 2 hours).

After synthesing of PAni + AFP composites the amount of zinc content
filtrates was determined by complexometric titration using disodium EDTA in the
presence black eriochrome [12].

The structure and phase constitution of synthesized zinc-containing PAni+
AFPcomposites were studied by X-ray diffraction analysis (XRD) on the X-ray
diffractometer DRON-2, their morphological features by electron microscopy on
the scanning electron microscope TESCAN MIRA 3 LMU.

Experiments on the electrocatalytic hydrogenation of o-nitroaniline (o-NA)
with the use of zinc-containing PAni+AFP composites for cathode activation
were carried out in a diaphragm electrochemical cell. The anode was a platinum
gauze; the cathode was a copper plate, which closely contacted the bottom of the
electrolyzer and served as a substrate for the PAni composite catalyst (1 g). The
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currentdensity was 1,25kA/m?, the temperature of 30°C was maintained using a
thermostat. As an anolyte, 60 ml of 20% NaOH solution was used, as a catholyte—
65 ml of 2% NaOH solution with an addition of 15 ml of ethyl alcohol (i.e. in a
4:1 ratio).The amount of hydrogen absorbed (V;), the rate of hydrogenation
reaction (W) and the conversion of the hydrogenated substance (o) were calcu-
lated using the volumes of gases(oxygen and hydrogen)evolved. The hydro-
genation products were extracted from the catholyte with chloroform, the resul-
ting extracts were analyzed on a Crystal-5000.1 chromatograph.

RESULTS AND DISCUSSION

According to the difference between the initial amount of zinc (as part of its
chloride or oxide) introduced to the mixed PAni+AFP polymer and determined by
complexometric titration in filtrates after the synthesis. The total composition
synthesized composites was calculated, as well as in 1 g of each composite
(the va-lues obtained are given below in table 1). According to these data, in
PAni+AFP+ZnCl, (1:2) composite, after a thorough washing, a relatively low
amount of zinc (II) (0,138 g in 1 g of composite) is retained, which affects the
electrocatalytic activity of this composite. The addition of an alkaline reagent
(NaOH or NH4OH) to the reaction medium of oxidizing polymerization leads to
the formation of zinc-containing compounds precipitated, which contributes to an
increase in the zinc content (II) in PAni+AFP+ZnCl, composites. The introduc-
tion of ZnO and Zn powders as the finished products treated with ultrasound
(20 min) is also not accompanied by the preservation of theirinitial quantity.

Structural-phase changes of the synthesized zinc-containing PAni+AFP
composites before and after their application in electrohydrogenation of 0-NA can
be discussed by the results of X-ray analysis. Figures 1 and 2 shows the X-ray
patterns of the PAni+AFP+ZnCl, (1: 2) composites with the addition of NH,OH
or NaOH. It should be noted that during the oxidative polymerization of aniline
using ammonium persulfate, by-products such as H,SO,, HCI and (NH,4),SO, are
formed [13].In the presence of a metal salt, for example, ZnCl,, this process is
also accompanied by the formation of zinc sulfate (II), ammonium chloride and
other plausible compounds. The addition of alkaline reagents to the polymeri-
zation reaction medium (actually after its completion) leads to the interaction of
the formed by-products with them.

Thus, in the case of NH,OH in PAni+AFP+ZnCl, (1:2)composite, according
to the X-ray analysis (figure 1, a), there are crystalline phases of the complex salt
Zny(SO4)(OH)6-4H,0, also possibly Zn(OH),, NH4CI, and others. After appli-
cation of this composite in the electrohydrogenation of o-NA, only crystalline
phases of metallic zinc were found in its constitution (figure 1, b). This indicates
the electrochemical reduction of zinc cations (II) from its previous compounds
contained in the mixed polymer.

When NaOH is introduced into the reaction medium of oxidative poly-
merization of aniline, the complex compounds NaZny(SO,)(OH)Cl-6H,0,
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Figure 1 — X-ray patterns of PAni+AFP+ZnCly(1:2)+NH,OH composite
before (a) and after (b) the electrohydrogenation of 0-NA

6Zn(OH),-ZnSO4- 4H,0 are formed in the PAni+ AFP +ZnCl,(1:2) composite; in
addition, there may be present Zn(OH),, Na,Zn(S0,)-4H,0, and NaCl-2H,0
(figure 2). There are also a small amount of crystalline Zn” phases. After carrying
out the electrohydrogenation of 0-NA on this composite, the zinc content in its
constitution increases, and the crystalline phases of its ZnO oxide appear.
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Figure 2 — X-ray pattern of PAni+AFP+ZnCl,(1:2)+NaOH composite
before the electrohydrogenation of 0-NA
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According to the X-ray diffraction pattern of the PAni+AFP+ZnCl,(1:1) com-
posite prepared with evaporation of the solvent and heat treatment (figure 3, a), it
contains crystalline phases of double-salt crystallohydrate of zinc sulphate and
ammonium sulfate formed during the oxidative polymerization of aniline.
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Figure 3 — X-ray patterns of thecomposite PAni+AFP+ZnCl,(1:1) (with evaporation)
before (a) and after (b) the electrohydrogenation of o-NA

In the phase constitution of the composite after its application to activate the
cathode in the electrohydrogenation of 0-NA, there are only crystalline phases of
metallic zinc (Zn°) (figure 3, b) formed as a result of electrochemical reduction of
Zn*" cations from double salt, in addition to the amorphous phase of the mixed
polymer.

The highestcontent of zinc is in PAni+AFP composites (table 1)with the zinc
dust introduced. The X-ray diffraction pattern of such a composite synthesized
with the addition of NaOH (figure 4, a) shows that in its constitution in addition
to the crystalline phases of zinc there are also crystalline phases of its oxide.
During the electrohydrogenation process the zinc oxide ZnO is subjected to
electrochemical reduction with the formation of zinc in the zero-valence state. It
is confirmed by an increase in the intensity of the corresponding peaks and the
absence of ZnO crystalline phases in its constitution after electrohydrogenation on
its X-ray diffraction pattern (figure 4, b).
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Figure 4 — X-ray patterns of the composite PAni+AFP+Zn(1:1)+NaOH
before (a) and after (b) the electrohydrogenation of o-NA

The micrographs of PAni + AFP+ZnCl, (1:2)+NH,OHcomposite (figures 5, 6)
were obtained by scanning electron microscope TESCAN MIRA 3 LMU at dif-
ferent scales of scanning. According to the micrographs of this composite before
to the electrohydrogenation (figure 5), crystallites of various structure and shape
are present on the surface of its particles. First, these are feather-like crystallites
and the formations similar to them, bordering "protrusions" on a polymer basis;
secondly, they are large bulk and flat semitransparent crystallites, which are appa-
rently the crystallohydrates of Zn,(SO4)(OH)s-4H,Ocomplex salt (figure 1, a).The
polymer basis has both a dense and loose mesh structure consisting from chao-
tically interconnected nanotubes from 50 to 90 nm in diameter.

As notedabove, in the phase constitution of the PAni + AFP+ZnClIy(1:2) +
+ NH4OH composite after its application in the electrohydrogenation of 0-NA, in
addition to the polymer basis, only crystalline phases of metallic zinc are present
(figure 1, b). The performed electron microscopic studies of this composite sho-
wed that it consists from particles with a low content of zinc and particles whose
surface is densely covered with grown crystals of zinc (figure 6). In this case, zinc
crystals have different shapes: on the surface of dense polymeric particles there
are zinc crystals in the form of needles assembled into bundles; on loose partic-
les — in the form of twigs.

X-ray spectral analysis carried out in various parts of particles with different
densities is defined a higher percentage content of O and Na elements (obviously
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Figure 5 — Micrographs of the PAni(2)-AFP(1)+ZnCl,(1:2)+NH4;OH composite
before the electrohydrogenation of 0-NA
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Figure 6 — Micrographs of PAni(2) + AFP(1)+ZnCl,(1:2)+NH,OH composite
after the electrohydrogenation of 0-NA

in the form of NaOH) in the near-surface layer of dense particles with needle
crystals in comparison with loose particles. Despite the fact that all the particles
of this composite were in an alkaline catholyte medium and after electrohydro-
genation process they were washed with warm distilled water, more amount of
NaOH could be retained in denser particles, than in loose ones. Another expla-
nation is that sodium hydroxide is also used to harden the AF-polymer, and it is
retained in the particles of this polymer after synthesis creating a stronger alkaline
medium, in which zinc needle crystals are formed. It is quite possible that the
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nature of the polymer basis influences the growth of zinc crystals of different
shapes.

Synthesized Zn-containing PAni + AFP composites deposited on the surface
of copper cathode were investigated for amanifestation of electrocatalytic activity
in the electrohydrogenation of o-nitroaniline under the conditions described
above. There sults are shown in table.

Table 1 — Electrocatalytic hydrogenation
of 0-NA on PAni(2)+AFP(1)+ZnCl, (ZnO, Zn) composites

The zinc W, ml 7, % a,
Composites contentinl g H,/min (a=0,25) %
of composite | (o =0,25)
Cu-cathode - 3,5 25,0 71,0
PAni(2)+AFP(1)+ZnCl, composites
PAni+AFP + ZnCl, (1:2) 0,138 3,8 27,1 85,5
PAni+AFP + ZnCl,(1:2) + NaOH 0,243 4,9 34,4 85,0
PAni+AFP + ZnCl,(1:2) + NH,OH 0,270 5,4 39,4 97,7
PAni+AFP + ZnCl, (1:1), with evap. 0,085 6,6 47,7 87,6
PAni+AFP + ZnCl,(1:1), with evap.+ TO 0,089 7,0 50,8 92,1
PAni(2)+AFP(1)+ZnO (Zn) composites

PAni+AFP+ZnO (1:1) + NaOH 0,285 5,1 33,8 99,9
PAni +AFP +ZnO (1:1) + NH,OH 0,275 4,0 26,7 92,0
PAni+AFP+Zn (1:1) + NaOH 0,384 7,1 52,3 86,4
PAni +AFP+Zn (1:1) + NH,OH 0,370 7,1 51,6 81,2

From the data of table 1 follows that all synthesized Zn-containing compo-
sites based on the mixed PAni + AFP polymer possess anelectrocatalytic activity
in the electrohydrogenation of 0-NA.In their presence, the electrohydrogenation
of 0-NA occurs at higher rates and more complete conversion of o-NAthan in the
electrochemical reduction of o-NA on the Cu-cathode. As shown by X-ray
analysis, under the influence of current the electrochemical reduction of zinc (II)
cations to the zero-valence state (Zn’) takes place from all of its precursor com-
pounds present in the composites. The zinc micro- and nanoparticles that are
formed are theelectrocatalyst of the process under study.

Among the PAni + AFP composites with ZnCl, introduced, the most elec-
trocatalytic active are composites prepared with evaporation of the solvent,
although the zinc content in 1 g of these composites is the least. Apparently, the
presence of dissolved components of these composites(ammonium sulfate and
chloride, oligomeric polymerization products) in the catholyte promotes the
electrocatalytic hydrogenation of 0-NA on the reduced zinc particles.

From the second group of Zn-containing composites, the most electro-
catalytically active are PAni+AFP composites with the introducedzinc dust
previously sonicated. The zinc content in the composites is the highest of all
synthesized composites (table 1). At the same time, the electrocatalytic hydroge-
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nation of o-HA with the maximum value of its conversion (99,9%) is run on the
composite with ZnO, also activated by a sonication, when the pH is adjusted to 7
with sodium hydroxide. The main product of electrocatalytic hydrogenation is
o-phenylenediamine, thatis confirmed by chromatographic analysis.

Conclusion. Thus, by combined chemical and electrochemical methods, new
Zn-containing PAni(2)+AFP(1) composites were produced. Their phase consti-
tution depends upon the synthesis conditions, especially at the introduction of
zinc salt (II), and the nature of the zinc-containing compound introduced. It has
been established that the use of synthesized composites for cathode activation in
the electrohydrogenation of 0-NA is accompanied by electrochemical reduction of
zinc (II) cations and the formation of metallic zinc particles exhibiting electro-
catalytic activity in the electrohydrogenation of 0-NA.The zinc-polymer compo-
sites obtained can bealsoapplied as a catalyst or electrocatalyst in other reactions
of organic chemistry.
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Pe3iome
H. M. Hsanosa, E. C. Jlazapesa, A. A. Bucypxanosa, E. A. Coboresa

[NOJIMAHWJIMHHIH AHWJINH®OPMAJIBAET UATI ITOJIMMEPMEH
MBIPBIIIKY¥PAM/IbI KOMITO3UTTEPIHIH K¥PbUIBICHI )KOHE BEJICEHIUIITT

Kymeicra, ADIT katpiceinaa anmwmuaai ZnCly, ZnOHeMeceMbIphII maHbH (Zn) To-
TBHIKTBIPBIT HOJIMMEpIIEY YpAiciHe eHIi3y apKbUIbl anblHFaH, nmoauaHunuH ([IAHn)xoHe
anmwrHpopManpaeruari nonuMepain (ADIT) apanac momuMepiHiH Heri3iHAETI MBIPBIII-
KYpaMJIbl KOMIIO3UTTEPIHIH KYPBUIBICHIH KOHE AJICKTPKATATH3IK OCICEHAUIITIH 3epTTey
HoTHKeNepl kKepcerired. CHHTE3/IEy KarIaijapbIMEeH JKOHE €HTI3UIreH JOMaHTTapMeH
AHBIKTAJATBIH, CHHTE3/ICIICH KOMIIO3UTTEPIiH (a3zanblk Kypamaapbsl aHBIKTAJIFaH.
MBIpBIIT KaTHOHIAAPBIHBIH 3JEKTPOXUMHUSIIBIK TOTBHIKCHI3AAHYHI )KOHE OHBIH MHKPO- JKOHE
HaHOOOJIIIEKTEePl KaNIbINTacybl HOTH)KECIHIAE O-HUTPOAHWIMHHIH 3JICKTPrUApJICHYIHIE,
AIBIHFaH MOJIMMEP-MBIPHIIITH KOMITO3UTTEPI AIIEKTPKATANH3IIK OCICCHIUTIK KOPCETEeTiHI
AHBIKTAJIFaH.

Tyiin ce3aep: MOTHAHWIMHHIHAHWIMHO(MOPMAIBACTHITI TOIUMEPMEH KOMIIO3UT-
tepi, mbipsitn (II)xmopui,Meipbin maHbl, Meipbin (I[)okenai, anexTpokaTanu3mik ruap-
JIey, O-HUTPOAHUIIUH.

Pe3iome
H. M. Hsanosa, E. C. Jlazapesa, A. A. Bucypxanosa, E. A. Coboresa

CTPOEHUE U OJIEKTPOKATAJIMTUYECKAA AKTUBHOCTD
[MMHKCOAEPXXAIMX KOMITIO3UTOB ITOJIMAHUJIMHA
C AHWJIMHO®OPMAJIBIETUAHBIM TTOJIMMEPOM

B pabote mpezacTaBieHbl pe3yNbTaThl UCCIEAOBAaHUN CTPOCHUS U BIEKTPOKATAIH-
TUYECKON aKTMBHOCTH IIUHKCOJIEPIKAIIIX KOMIIO3UTOB HAa OCHOBE CMEIIAHHOIO MOJIUMepa
u3 nonuannnuHa (ITAHN) n annnuHoopmanpaerugHoro noiaumMepa (ADII), momydeHHbIX
BBeaenueM ZnCly, ZnO wiaM 1MHKOBOI MbUH (Zn) B Ipoliecce OKUCIUTEILHOM MTOJIMe-
pusanny anuinrHa B npucytcTBun ADII. YeraHoBneHs! pazoBble COCTaBbl CHHTE3UPOBAH-
HBIX KOMIIO3UTOB, OIIpEJeNIIeMble YCIOBHSMU CUHTE3a U MPUPOI0I BBOAUMOTO JOMAHTA.
[TokazaHo, YTO MOJyYEHHBIE MOJIMMEP-IIMHKOBBIE KOMIIO3UTHI MPOSIBISIIOT 3JIEKTpOKaTa-
JUTUYECKYIO0 aKTHBHOCTH B 3JEKTPOTHAPHPOBAHWU O-HUTpOAHWINHA Onaromaps ocylue-
CTBIICHHUIO 3JIEKTPOXUMUIECKOTO BOCCTaHOBJIEHHS KaTnoHOB nuHKa (II) m popmupoBanmio
€r0 MUKpO- ¥ HAHOYACTHII.

KnroueBble cj10Ba: KOMIIO3UTHI TIOJIMAHWINHA C aHIITMHO(DOPMAIbACTUAHBIM MOJIH-
Mmepowm, xsopua 1uHka (II), muaKoBas meLTb, okcua mmHKa (II), amexTpokartanuTHdeckoe
THIPUPOBaHUE, O-HUTPOAHWUIIUH.
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SEPARATION FLAVONOIDS
BY SORBENT RP-18 FROM VERBASCUM MARSCHALLIANUM

Abstract. Investigating studies of biologically active substances from the ground
parts of the family Scrophulariaceae genus of Verbascummarschallianum growing in the
Altai region of Kazakhstan flavonoids were studied. Raw materials (aboveground part
Verbascummarschallianum) for research are harvested during the budding period in the
territory of East Kazakhstan. For the first time, an effective RP-18 sorbent was used for
the isolation flavonoid complex from the raw material and the individual compound
(cinorazide) was obtained by high-performance chromatography (HPLC). The structure of
the compound is solved by chemical (acid hydrolysis) and spectral: 'H and ?C NMR, UV,
IR spectroscopy and mass spectrometry.

Key words: Verbascummarschallianum, biologically active substances, RP-18 sor-
bent, high-performance liquid chromatography, acid hydrolysis, flavonoids, 7-O-p-D-glu-
copyranoside of luteolin (cynorazide).

In the Republic of Kazakhstan there is considerable scientific and technical
potential in the field of development and production of herbal medicines, an
extensive resource base and the possibilities for its further strengthening. Namely,
the Altai territory has such a variety of zonal and intrazonal landscapes in parti-
cular, it could not affect the abundance and species diversity of the plant world.
The creation of highly effective domestic production facilities, the proposal of
new methods for the isolation of biologically active complexes are a priority and
actual task.

The genus Verbascum L., common name mulleins, comprisesabout 370 spe-
cies of flowering plants in the Scrophulariaceae family, predominantly distri-
buted in Asia, Europe and NorthAmerica[l]. The genus Verbascumbelonging to
the Scrophulariaceae family is the richestgenus, represented in Turkish flora by
230 species, of which185 are endemic [2]. In Kazakhstan, there are 9 species of
mullein [3] and according to the latest data there are 10 species [4]. Verbascum-
marshallianum not completely investigated.

The object of study — the aboveground part of the genus Verbascummar-
shallianum prepared in phase fruiting in August 2017 from the Altai region of
Kazakhstan. By general methodology of research I edition of State Pharmaco-
poeia of the Republic of Kazakhstan in the study raw materials are defined: loss
on drying, extractives, total ash and quantitive of biologically active substances
[5]. In plant raw materials by quantitative analysis revealed a large number of
flavonoids, iridoids and tannins [6].
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For the preparation of biologically active substancesdried aerial part (500 g)
of plants of the genusVerbascum (family Scrophulariaceae) was crushed to
sizeparticles of 2-3 mm, extraction was carried out with 100% methyl alcohol in
Soxlet. Received the extract was defended, filtered, concentratedand dried under
vacuum. Then the dry extractwas treated with hexane, dichloromethane andn-
butanol. The n-butanol extract was concentrateddryness on a rotary evaporator at
a temperature of 40-45°C and obtained the butanol extract with flavonoid
complexes (26.5 g).

The availability of flavonoids in the extract was detected by a yellow stain
using two-dimensional paper chromatography (Watman S2 paper grade, Ger-
many) in the system butanol: acetic acid: water (40: 12.5: 29) and 6% acetic acid
as an indicator 1% AIS in aqueous solution and by thin-layer chromatography
(Silica gel DC-Alugram 60 UV254, Merck firma) in the system dichloromethane:
methanol, cerium sulfate was used as an indicator.

For the separation of substances from the butanol extract used adsorption
chromatography using silica gel sorbent. Elution of polarity to dichloromethane:
methanol solution resulted in 213 fractions. Using a TLC method using specific
developers, similar fractions were combined and obtained VB-1 (1.8 g), VB-2
(44 g), VB-3 (3.5 g), VB-4 (5.5 g) flavonoid complexes. From the VB-1 frac-
tions, re-chromatography on RP-18 (LiChrospher® 100, Merck firm) (methanol:
water 1: 9, 3: 7, 1: 1) yielded VB-A fractions. FractionsVB-A by using NP-HPLC
(preparative recycling JAI-LC-908 HPLC, Japan Analytical Industry Co., Tokyo,
Japonia) on a Sil-D-60-10 silica gel column (250 % 20 nm X 5 um) (eluent chloro-
form: methanol 9.5-0.5) substances 1 (25 mg) were isolated.

According to UV spectra and a result of acid hydrolysis, glycosidic bonds,
flavonoid and carbohydrate structures, which are identified with taps [7, 8].

The obtaining 4 polyphenolic complex fractions (figure 1) of the butanol
extract were detected in a yellow shade in paper and thin-layer chromatography,
then the VB-1 fraction was chromatographed on a RP-18 column, resulting in 6
compounds (figure 2), of which two were similar flavonoids (R¢ value).

The spots in the UV light were dark brown. Using of developer of cerium
sulfate, the spotswere stained from light yellow to dark brown. To obtain 1 sub-
stance,was usedHPLC with sorbent silica gel (Sil-D-60-10). As a result of three
times recrystallization in methanole and an unchanged spot in TLC, it proves that
substance 1 is pure (figure 3). According to the Bryant Method, substance 1 refers
to glycosides [9].

Luteolin-7-O-B-glucopyranoside - light yellow crystals,C,HpO1, ESI-MS,
m/z: 471 [M+Na]" andm/z: 270 [M]". Theiing = 259-263°C. The UV spectrum of
this compound has a maximum absorption at a wavelength of 254, 338 nm, which
is typical for flavones. When sodium acetate is added to the solution of the
substance, the shifts do not occur (254, 338 nm), so the 7-OH group is replaced.
With sodium hydroxide, we observe a bathochromic shift of band I at 44 nm,
band II at 8 nm, hence the molecule contains free phenolic hydroxyl groups.
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Figure 1 Figure 2 Figure 3

In the IR spectrum, there are bands of vibrations of hydroxyl groups -
3515-3600 sm™, carbonyly-pyronel655, aromatic C=C bonds1528, 1360,
C-O glycoside oscillations1080, B-coupling between aglycone and sugar890,
and1060,1040, 1030sm™ sugar in glycoside in the form of pyranose, and so
according to IR and UV data refers to flavones.

In the '"H-NMR and DEPT-135 spin system, the lower field is located an
anomeric glucose protond 5.05(1H, d, J = 7.0 Hz) shows that the glycoside in the
B-configuration. Chemical shifts of H-6 and H-8 (respectively 0.2 + 0.3 ppm)
shows, that C-7 is bonded with sugar.

"H NMR spectra (600 MHz, Piridin, dppm) shows signals of 5,7,3',4'-tet-
rasubstitutedflavon and sugar: 6.72 (1H, s, H-3), 6.55 (1H, s, H-6), 6.77 (1H, s,
H-8), 7.37 (1H, s, H-2"), 6.81 (1H,d,J = 8.5Hz, H-5"), 6.75 (1H,d, J = 8.8 Hz, H-
6'), 5.10 (1H, d, J=7.0,H-1""), 3.19-3.45 (1H, t, H-2"), 3.19-3.45 (1H, t, H-3"),
3.31 (1H, t, J=8.8, H-4""), 3.11 (1H, m, H-5"), 3.76 (1H, d, J=12.0, H-6""a), 3.55
(1H, d, J=12.8, H-6"'6).

BCNMR (100 MHz, Piridin, ppm): 165.2 (C-2), 104.3 (C-3), 182.2 (C-4),
159.5 (C-5), 102.5 (C-6), 164.3 (C-7), 95.2 (C-8), 161.8 (C-9), 105.8 (C-10),
122.4 (C-1"), 115.5 (C-2"), 147.6 (C-3"), 151.2 (C-4"), 117.1 (C-5"), 120.0 (C-6"),
100.6 (C-1"), 74.2 (C-2"), 75.9 (C-3"), 70.2 (C-4"), 77.5 (C-5"), 61.5 (C-6")

A complete acid hydrolysis of the substance was carried out with a mixture
of 5 ml of 5% hydrochloric acid and ethanol (1: 1) for 2 hours, and the resulting
aglicon was alkaline hydrolysed with 50% potassium hydroxide, using nitrogen
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for 20 minutes. As a result, luteolin and glucose were obtained. The hydrolysis
products were identified using the TLC method. Based on physicochemical
methods of analysis and comparison with the literature data, substance 1 is
identified as luteolin-7-O-B-glucopyranoside [10, 11].

OH
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CH,OH

OH

OH
OH

OH o)

Luteolin-7-O-f-glucopyranoside (Substance 1.)

VAN

OH
OH
CH,OH
HO o o on
OH
OH
OH e} OH

Luteolin B-D-glucose

For the first time from plant of genus Verbascum marschallianum growing in
Altai region of Kazakhstan was studied chemical investigation and for separation
flavonoid complexes aneffective sorbent is proposed RP-18 and individual
compounds are obtained usinghigh performance liquid chromatography.
Luteolin-7-O-B-glucopyranoside(cinorazide) first time obtained from genus of
Verbascum. The structure of the compound is solved bychemical (acidic, alkaline
hydrolysis) and spectral: 1D(13C-NMR, 1H-NMR), 2D (HMBC, HSQC, COSY,
NOESY), IR, UV spectroscopyand mass spectrometry (EIMS, ESI-MS,
FAB-MS).
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M. M. Hoikmyxanosa, b. K. Eckanuesa, I'. ILl. Bypawesa

VERBASCUM MARSCHALLIANUM ©CIMIII'THEH
RP-18 COPBEHTI KOMETIMEH ®JIABOHOW/ITHI BOJIY

Kazakcranubiy Anrtaii eHipiHme eceTiH Scrophulariaceae (CaOBIHKOKTYJIALICD)
TYKbIMJAC KYpPaMbIHAAFbl OHOJIOTHSJIBIK OENICeHAl 3aTTapibl 3epTTeyAl IKaJIFacThIpa
oteIpsin, Verbascum marschallianum (Mapinania aOKyJ1arbl) ©CiMIITiHEeH ()IaBOHOMI-
Tap KeIIeH] albIHIbL. 3epTTeyre apHanFan mukisat (Verbascum marschallianumxep ycti
6euiri) LIsireic Kazakcran aiimMarbiHan xkeMic Oepy Ke3iHje KHHalFaH. AJFall peT aTaji-
FaH INUKi3aTTaH (IaBOHOMJTAp KelleHiH Oenyae THiMai copOeHT perinae RP-18 maiina-
JIAHBIT, JKEKe 3aT — MOTeoNnnHHIH 7-O-B-D-rmokonupanosuai (MHHOPA3wI) KOFapHl 3¢-
¢dexTuBTi CyHBIKTHIK XpoMarorpadus (HPLC) kemerimen Oeminni. JKeke 3aTTbIH Kypbl-
JBICHI XUMUSUTBIK (KBIIIKBUIIBIK THIPOJIN3) JKOHE CHCKTPAJIIBI (lH, Bc SIMP, VK-,
UK-cnekTpocKonst )KoHe Macc-CIEKTPOMETPHS) 9ICTEPMEH JQJICIACHII.

Tyiiin ce3nep: Verbascum marschallianum, Guonorusnsik 6encenni 3arrap, RP-18
copbenTi, >xorapbl d(PQPEKTUBTI CYHBIKTHIK XpOMAaTOTPa(UsCH, KBIIKBUIABIK THIPOIH3,
(daBoHOUATAD, MOTCONUHHIH 7-O-B-D-rimokonupano3ui (IIHHOPa3K).
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Pesome
M. M. Hoikmyxanosa, b. K. Eckanuesa, I'. LLl. Bypawesa

BbIJIEJIEHUE ®JTABOHOUJA C ITOMOIIBIO COPBEHTA RP-18
W3 PACTEHUU VERBASCUM MARSCHALLIANUM

[Mponomkast uccienoBaHusi OMOJIOTUYECKH AKTUBHBIX BEIECTB y IIPEACTABUTENCH
cemeiictBa Scrophulariaceae(HopuiHNKOBBIE), U3y4YeHB! (HIABOHOUABI HA/I3EMHBIX Yac-
teit Verbascum marschallianum (xopossik Mapimamna),coOpaHHOTO U3 Anrtaiickoro pe-
ruona Kazaxcrana B nepuoj OyroHusanuu. /st nmomydeHus (raBOHOWIHOTO KOMILIEKCA
W3 HaI3eMHbIX yacteil Verbascum marschallianum BriepBble NCTIONB30BaH Y(PPEKTUBHBIHA
copbent RP-18 u ¢ momomipio BeicokoaddexTuBHON XxpomaTorpaduu (HPLC) Beizeneno
WHIUBHIyanbHOE coeauHenne (unHopasua). CTpyKTypa BBIZIEICHHOTO BEIIeCTBa JJOKa3a-
Ha XMMHYECKMMH (KHCIOTHBIA TMIPOJIN3, LIEJIOYHOE PACUICTUICHHE) M CIEKTPAILHBIMHU:
(‘H u"C SIMP, V®-, K- 1 Macc-CrIeKTpOMETPHsT) METOIaMH.

KnrwueBble caoBa: Verbascum marschallianum, OGMOIOrMYEeCKH aKTHUBHEIC BEIlle-
ctBa, copbeHT RP-18, BbICOKOA(p(EKTUBHAS >KUIKOCTHAs XpoMaTorpadus, KUCIOTHBINA
runponus, ¢hraaBoHOUABI, 7-O-f-D-TIIoKOMHUpaHO3H]T IFOTCOTHHA (IIMHOPA3KT).
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METHODS OF DISTRIBUTION OF THE POLYPHENOL EXTRACTS
FROM THE LEAVES OF A PLANT CARTHAMUS

Abstract. From the Carthamus plant leaf are extracted polyphenol extracts, compo-
sition and construction have been proven by methods of IR, UV spectral analysis. Ether
extract is 3%, 360 nm wavelength € = 4,070 Rutine, Ethyl Acetate Extract 3,2%, its
wavelength 350 nm, € = 4,268 Quercetin compound, 90% ethyl alcohol 2,92%, 365 nm
Wavelength , € = 4,359 in the zone of quercetin, and 70% in ethyl alcohol 3,64%, 331 nm
wavelength, €=4,359 in the zone of euclidein and the final 50% of ethyl alcohol in the
extract was 2,79%, 329 nm, e=4,614 according to the compound of the acid compound.

Key words: carthamus, polyphenol extracts, biologically active substances.

Introduction. Plants are the main source of various organic and biologically
active substances, including the most common compounds in nature: flavonoids,
caratinoids, polyphenols, ethanols, alkaloids, terpenoids, essential oils, phenolic
acids, amino acids, trace elements, vitamins. Natural compounds are widely used
in medicine. However, the knowledge and methods of chemistry of natural com-
pounds are very important in their distribution, purification, construction, produc-
tion and product quality control [1].

Carthamus (translation in Kazakh language — Makcapsl) is a plant, oilseed
crop, belonging to a sophisticated flower family. The main homeland is Ethiopia
and Afghanistan. Carthamus grows in Central Asia - in Uzbekistan and Ka-
zakhstan. Today it is grown in Azerbaijan, India, Egypt, Iran, Central and South
America, Australia and Western Europe. Carthamus plant is one of the most
widely studied medicinal plants [2, 3].

According to historical data, the Xinjiang region is one of the earliest cul-
tures of the carthamus. The appearance of the Great Silk Road contributed greatly
to the spread of carthamus and its exploration. Today, carthamus includes cuisine,
medicine, cosmetics and in other areas.

The southern regions of the republic cultivating of carthamus plant. The
main homeland of the Mediterranean coast, the carthamus, has not been long
enough to grow and produce products in the country. It's just that recently. The
main product from it is gingerbread. The quality of carthamus oil is not less than
sunflower and cottonseed. You can not say that the price is as expensive as that. It
is much cheaper than cotton oil [4, 5].

Carthamus plant stems are vertical, spruce, lumpy, height up to 90 cm. The
leaves are oval, the edges can be the sting. Flower bricks - baskets, from one 5-6
to 30-50 baskets in one plant. The flowers are like a yellow or orange tube. When
the seeds ripen, they do not sprout on the ground. Weight of 1000 grains is 20-
50 g. Carthamus is a heat-resistant, very desert-resistant. The growth period is
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90-150 days. The cross is pollinated (by insects and by land), can also sponta-
neously spray. They do not need a special soil for grow. At a depth of 5-6 cm on a
hectare of 6-10 kg per hectare, sow the system intervals 45-60 cm. Products are
harvested from each hectare up to 8 centimeters. It is obtained from the seeds of
25-35% of the seeds, 46-60% of the seeds of fat, flower [6, 7].

Flower, leaf, seeds and oils of Carthamus plant are widely used in many
countries for medical purposes. In Iran, fat is used for hepatic and heart treat-
ments, while safflower is used in Pakistan for treating urinary tract infections with
sugar, while carthamus oil in India is used for the treatment of gastric ulcer. China
produces medications for various diseases. And we are feeding the cattle as long
as we can not handle it.

Therefore, for the cheap and accessible natural home remedy, the study of
the composition of medicinal plants grown in the country and the distribution of
biologically active substances is one of the topical issues today. Including poly-
phenol extracts from the Carthamus plant.

Polyphenols are a simple potent antioxidant plant pigment. In addition to
grapes, polyphenols are found in chocolate, shade, apple, and other coconut fruit,
pomegranate juice, cranberries. Polyphenols are found to be in the form of ad-
ditives with plants similar to those found in the molecular weights of 300-5000.
Many of them are dissolved in water, diluted or boiled. Alkaline acids can be
obtained on the basis of these sugars together with polyesters or complex dipepsid
compounds [8, 9].

At present, about six thousand polyphenols are extracted from the plant
composition. Polyphenols, along with useful plants, are contained in vegetables
and fruits. In the human body, food contains about 1 g of antioxidant ingredients
per day, with a few vitamins, containing about 100 mg of pB-carotene, vitamins
C, E. Polyphenol is a large number of atomic phenols and their derivatives. It a
vital role in the biological role of plants in the world of metabolism. Plants are
widely spread in the form of tanning substances (fluogridin, pyrogallol, etc.) and
glucosides and essential oils. Polyphenols are found in many nutrients. Their oxi-
dation products (such as quinones) create tasty odor and aromatic texture for the
food products. Production polyphenols - catecholomein and some hormones and
mediators (adrenaline and noradrenalin) [10, 11].

Polyphenols protect the skin against sunburn, ozone and other toxins and
prevent aging. Cranberries can be used in diseases of the kidneys, renal disease.
Polyphenols improve cardiovascular disease and bleeding. Polyphenols are
important in the treatment of cancer, liver, kidney, diabetes, atherosclerosis, can-
cer and various diseases. The metabolism participates in photosynthesis process.
Performs the function of a fundamental element that holds skin tissues. Therefore,
doctors warn that excessive amounts of alcohol can have an adverse effect on the
body. In addition, excessive use of polyphenols (such as the daily use of blue or
black tea) may cause kidney and liver disease [12]. The aim of the work is deter-
mination of composition, composition and structure of polyphenols extracting
from Carthamus plant leaf.
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EXPERIMENTAL PART

The object of the study was leaf from autumn Carthamus plant, which was
harvested in September and October 2014-2016, Boradilai village, Baydibek
district, South Kazakhstan region.

Extraction method is used to extract polyphenols from Leaf leaves of Cartha-
mus. It is separated by the fractionation of polyphenols from the Carthamus plant.

Polyphenols are extracted by extracting the raw material with water and
aqueous alcohol, pure ether or ether alcohol to extract extracts. The resulting
product is a cleaner product, followed by separation of the individual substances.

For extraction, first of all, the raw materials are cleaned, dried and sieved, the
diameter of the sieve is 3-5 mm. 10 g of raw material are weighed. Extragent is
extracted 3 times in 2 hours in hot distilled water, 1:10 in the leaves of the Car-
thamus plant. If the solution is filtered and used for inulin, it extracts the sun-
flower by the next fraction.

I fraction. For separation from polyphenols, including oxicoric acid and
catechin, it is filtered through filter paper to extinction for 30 minutes at room
temperature of 200C at 1: 5 with diethyl ether. The solvent is evaporated in a
water bath on a porcelain plate. The resulting leaf extract is 3%.

IT fraction. In the following fraction extracted leukocancias, dimeric pro-
stanthanidins, oxicoric acid ether and other compounds are extracted with organic
solvent 1: 1 or 1:20 at ethyl acetate for 2 hours, filtered by extraction and evapo-
rated in a water bath. The resulting yield of leaf is 3.2%.

III fraction. 90%, 70%, 50% ethyl alcohol for 1 hour to 2 hours to pass to
solution in the final fraction of extraction in 90%, 70%, 50% ethyl alcohol in
various concentrates to dissolve in many solvents and other phenolic compounds
is added to the refrigerant and extracted in a water bath. The extracted extracts
account for 90% of ethyl alcohol in 2,92%, and 70% for ethyl alcohol in 3.64%
and 50% in ethyl alcohol with 2,79% [13].

RESULTS AND DISCUSSION

The polyphenols were extracted from the I-III fraction by the KBr tablets in
the 400-4000 cm™ IR-Bruker ALFA spectrometer, and in UV-SI Analytics
Uviline 9400-9100 spectroscopy.

The frequency of oscillations in the IR spectrum of polyphenols derived from
Carthamus plant varies from 3429 to 3286 cm™ with the aromatic C-H group. The
oscillation frequency in the range of 2925-2919 cm™ showed the oscillations of
CH, groups, oscillations of the O-N groups of carboxylic acid in the range of
2853-2844 cm’, the oscillation frequency of carbon dioxide C=O in 1633-
1710 cm™, and 1657 The frequency of oscillations of -1597 cm™ corresponds to
the groups of aromatic C=C, the frequency of the aromatic group CH, is 1455-
1414 cm™, the frequency of aromatic CH; is 1381-1373 c¢m™, and the frequency
of the fluctuation is 1256-1244 cm™ -N group, the pendulum oscillation corres-
ponds to the interval 993-843 cm™ [14].
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Table 1 — IR spectra of polyphenols derived from Carthamus leaf, cm™!

Extracts
Group Diethyl Ethyl 90% ethyl | 70% ethyl | 50% ethyl
ether acetate alcoho alcohol alcohol

var C-H aromatic 3429 3362 3328 3296 3286

v CH, 2923 2921 2919 2925 2925

v OH carboxylic acids 2852 2851 2850

v C=0 carboxylic acids 1733 1733 1713

var C=C 1657 1650 1651 1597

8 CH, 1455 1454 1453 1415 1414

6 CH; 1376 1376 1373 1381

vy CH 1246 1244 1254 1256

Pendulum oscillations 973 849 843 993 923
WWE 200 L — Spo — L1 — “t”‘ m‘

1 T TT1 TTTnd

0sm__ osso

0s0_ oss0

0.450

020 0300 030 04w

01 0200

ooon oo o

- iy

e ————

:{Q E}Jiumw (e

400 500 &0 700
A niHa sonHel [H]

Figure 1 — IR, UV-spectrum extract of diethyl ether of Carthamus
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Figure 2 — IR, UV-spectrum extract of carthamus plant in ethyl acetate
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Figure 3 — IR, UV spectrum of 90% ethanol alcohol of Carthamus plant
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Figure 4 — IR, UV spectrum of extract of ethyl alcohol in 70% of Carthamus plant
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Figure 5 — IR, UV-spectrum extract of 50% of Carthamus plant in ethyl alcohol
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Table 2 — The UV spectrum of polyphenols derived from Carthamus leaf

# Specimen Wavelength, E Type of connection
name nm
Rutin

1 | Spectrum of extract 359 4,356

of diethyl ether

50% sprayed

Carthamus

plant spray CH

Myricetin
j) H

2 | Spectrum 374 4,244 A OH

of Carthamus &

plant in ethyl HO e 0 _J\

.. S SOH

acetate “‘r Hﬁj/

. e
.. -
e “M.OI I

HO @]
Esculite
3 | 90% of the flower 332 4,765 CH:CH.
plant of Carthamus 3,4(0H), C.H, <(} —co
is an alcohol-
soluble spectrum
Myricetin
H
4 371 3,930 OH
HO S \)\OH
OH
HO O
Chloroanic acid
OH
5 | 50% of the 329 4,614 =~

Carthamus plant

HO Q
is an alcohol- o R0 IH
soluble spectrum
HO
HO
OH
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The UV spectrum of polyphenols extracted from Carthamus leaf corresponds
to 359 nm wavelength in diethyl ether, rutine in € = 4,356 and 374 nm wt. In ethyl
acetate, quercetin in € = 4,244, 90% of the ethyl alcohol spatula with 365 nm
wavelength, € = 4,359 in the zone of quercetin and 70% in alcohol, 331 nm
wavelength, € = 4,514 in the zone of esculite and in the last 50% alcohol spirits,
the wavelength range is 329 nm, and & = 4,614 refers to a chlorogenic acid
compound [15].

Conclusion.

1. Polyphenol extracts from the Carthamus plant leaf are extracted, compo-
sition and structure are proven by methods of IR, UV-spectral analysis.

2. Carthamus leaf contains rutin, myricetin, quercetin, esculite, chloroanic
acid.
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Pesrome
K. M. Epeanuesa, I'. E. A3umbaesa

CARTHAMUS ©CIMJIT'THIH, )KATIBIPAFBIHAH
[TOJIN®EHOJI OKCTPAKTBIUIAPLIH BOJIY S AICTEPI

Carthamus ecimMairiHIH KaIbIparblHaH IOMM(EHONIBl SKCTPaKThUIAphl OeJIiHiII,
Kypambl MeH Kypbuibicel K-, YK-criekTpitik ananu3 agictepi apKbUIbl JaJesieH . OnT-
KeHi, osm¢eHOIIbI KOCBUIBICTAp MEIUIMHAIA KAObIHyFa KapChl, ybUIABIPATHIH, KaH TOK-
TaTaTbIH, aypyFa Kapchl jKOHE OaKTepHs >KOMFBINI Kypaibl peTiHae, KapTal MpOIecCiH
OastyJIaTHII, JKaIITbl IMMYHIIBI KYHEH1 KymeiTe i, oCIMAIKIIeH KoHe METaJUT TY3/1aphIMCH
yJlaHFaH/a, ar3aJarbl PaJMOaKTHBTI 3aTTap/ibl IIBIFAPY/a, PAK aypylapbliH, acKa3aH-illeK
JKOJJAPBIHBIH KaOBIHYBIHAA, KiJIeTelTi KaObIKTapAbIH KaObIHYBIH/AA XoHE T.0. aypyJapabl
eMJIey/ie KOJIIaHbUIAThIH TANTHIPMAWTBIH JOPLTIK Mpernapar.

Tyiiin ce3nep: Maxcapbl, OHOJIOTHMSUIBIK O€NCeHAl 3aTTap, MOIU(PEHONIBI KOCHI-
JBICTap.

Pe3iome
K. M. Epeanuesa, I'. E. Asumbaesa

METO/JbI BBIAEJIEHN A TTOJIM®EHOJIBHBIX DKCTPAKTOB
N3 JIMCTBEB CARTHAMUS

Beigesens! monu)eHOIbHBIC 3KCTPAKThI U3 iucTheB Carthamus, cocTaB u CTpyKTypa
Obuta monTBepikaeHa ¢ nomouipto K-, YdD-meronos ananumsa. [lonudeHonbHble coenu-
HEHHUS IPUMEHSIOTCS B MEJHIIMHE, KaK POTUBOBOCHAIIMTENBHBIE, BSDKYIIHE, KPOBOOCTA-
HaBJIMBAOIIHE, KaK CPEJICTBO 3aMEUICHHsI TPOLecca CTapeHHs, Ul YKPEIUIeHHsT HIMMYH-
HOMW CHCTEMBI, CBSI3bIBAHHS COJIEH METAIJIOB, PAJMOAKTUBHBIX BEIIECTB B OPTaHU3ME, TIPH
OTpPaBJICHUH, PaKe, BOCHAJICHWUH >KEITyIOYHO-KHIIEYHOTO TPAKTa, CIM3HCTHIX 000J0YEK
U T

KiroueBsbie cioBa: caguop, OHOJIOTHYECKHA aKTUBHBIC BEIIESCTBA, IMONHU(EHOIBHEIC
COCIIMHEHUSL.
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MODIFYING THE INFLUENCE OF TITANIUM AND
ZIRCONIUM DIOXIDES ON THE PROPERTIES
OF THE VANADIUM OXIDE CATALYST
IN THE VAPOR-PHASE OXIDATION OF 3-METHYLPYRIDINE

Abstract. The nature of the modifying effect of titanium- and zirconium dioxide on
the properties of the vanadium oxide catalyst in the vapor-phase oxidation of 3-methyl-
pyridine is discussed. It was found that the vanadium oxide catalyst, modified by TiO, and
ZrO, additions, showed the highest activity in the studied process. Nicotinic acid was
obtained with the yield of 68% at 270 °C and a molar ratio of 3-methylpyridine:0,:H,0 =
=1:13:94.

Key words: oxidation, 3-methylpyridine, nicotinic acid, catalysts.

Introduction. Nicotinic acid (NA - niacin, vitamin PP, vitamin Bj) is a vita-
min that participates in many oxidative reactions of living cells [1]. Nicotinic acid
and its derivatives have a wide variety of physiological properties, due to which
they are widely used in medicine and agriculture as vitamins, medicines, plant
growth regulators. Nicotinic acid is used to enrich food and animal’s feed [2].

Several methods for the preparation of nicotinic acid are known [3]: 1) li-
quid-phase oxidation: a) oxidation of 3-methylpyridine (3-MP) or B-quinoline
with KMnQy in an alkaline medium. Disadvantages: high expense of expensive
KMnO,, the difficulty of implementing continuous technology, the complexity of
the scheme for processing queen cells, a large amount of MnO, waste, the diffi-
culty of mechanization and automation of the process, the high cost of nicotinic
acid; b) oxidation with 30% nitric acid. Disadvantages: high aggressiveness of the
environment with the use of HNO;, which requires the use of expensive corro-
sion-resistant equipment with special coatings (titanium, cobalt or tantalum), the
need for complex absorption systems for nitrogen oxides, complex systems for
nitric acid regeneration, a system for cleaning gas emissions, a large amount of
waste, acid waste water, a large potential explosion hazard of the process.

Recently, the search for vapor-phase direct oxidation of 3-methylpyridine
with air oxygen into nicotinic acid is of special attention. Transition metal oxides
are widely used for the preparation of catalysts for the vapor-phase oxidation of
methylpyridines. For example, titanium and zirconium oxides are widely used as
components of catalytic systems [4-6]. The practical importance of the target
product causes interest in finding new effective contacts and studying the effect of
oxide additives on the catalytic properties of an oxide-vanadium catalyst.

In this connection, the purpose of this work is to study the effect of titanium
dioxide and zirconium dioxide on the catalytic properties of the oxide-vanadium
contact in the reaction of vapor-phase oxidation of 3-methylpyridine.
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EXPERIMENTAL

In this work used 3-MP, by boiling point 140 °C (692 mm, d,*° = 0.9568,
np”’ = 1.5050) which has been dried and distilled. These characteristics corres-
ponded to the reference data.

As initial components of the catalysts, we used vanadium pentoxide, titanium
and zirconium dioxides. The initial oxides in a particular ratio were ground in a
porcelain mortar to form a homogeneous batch, which was then compressed into
tablets of 15 mm in diameter and 3-4 mm in thickness and calcined at 350 and
640 °C for 4 hours. After cooling, the tablets were crushed into grains of 3-5 mm
in size.

The oxidation of 3-MP was carried out in a continuous installation of
reaction tube made of stainless steel with a diameter of 20 mm and a length of
150 mm into which 9 ml of a granular catalyst was loaded. The unreacted
3-MP and reaction products were trapped in air-lift type scrubbers filled with
water and analyzed by gas-liquid chromatography. NA was titrated with 0,035 N
alkali using phenolphthalein.

The deep oxidation products were analyzed by LXM-8MD chromatograph
with a thermal conductivity detector. The stainless steel columns had a length of
3,5 m and an inner diameter of 3 mm. The adsorbent for CO detection was an
AG-5 mk. activated carbon (0,25-0,50 mm), for CO, — polysorbent-1 (0,16-0,20
mm). The temperature of the thermostat was 40 °C.

RESULTS AND DISCUSSION

In order to improve the catalytic action of the individual catalyst of vanadium
pentoxide in the oxidation of 3-methylpyridine to modify it by adding additives
dioxides of titanium and zirconium is of great interest. Binary vanadium-titanium
and vanadium-zirconium oxide and three-component vanadium-titanium- zirco-
nium catalysts were prepared and tested.

The general regularities of the reaction, in particular, the effect of tempe-
rature, the amount of oxygen (air) fed to the reaction zone and water vapor on the
yield of the main reaction products were studied.

The figure shows the results the change in the conversion of 3-methylpyri-
dine and the yield of nicotinic acid (A) on the tested oxide-vanadium catalysts as
a function of temperature under comparable conditions. It can be noted that vana-
dium pentoxide showed the least activity in the oxidation of 3-methylpyridine:
the conversion of the starting material even at a temperature of 370 °C was only
70 %. The activity of binary V-Zr-O and V-Ti-O contacts is higher than that of
vanadium pentoxide, and the three-component vanadium-titanium-zirconium
catalyst of the composition V,05-4Ti0,-4ZrO, exhibited the greatest activity.

The main product of oxidation of 3-methylpyridine is nicotinic acid. The
figure shows that its yield (B) increases in the following series of oxide-vanadium
catalysts: V,05< V-Zr-O < V-Ti-O< V-Ti-Zr-O. From the presented data, it can
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The feed rate of 3-methylpyridine is 36 g, air is 550 1 per 1 liter of catalyst per hour.
The molar ratio of 3-methylpyridine:0,:H,0 = 1:13:94

Effect of temperature on the conversion of 3-methylpyridine (A),
the yield of nicotinic acid (B) and CO, (C) under oxidation conditions
on oxide modifying catalyst V,0s (1), V-Ti (2), V-Zr (3 ), V-Ti-Zr (4)

be seen that the best catalytic properties in the oxidation of 3-methylpyridine
exhibited an oxide vanadium-titanium-zirconium catalyst. On this catalyst, when the
starting reagents were fed in a molar ratio of 3-methylpyridine: oxygen:woter =
= 1:13:94, the conversion of 3-methylpyridine at 270 °C was 80%, and nicotinic
acid was obtained with the highest yield about 68 %.

Conclusion. Thus, the conducted tests of modified oxide-vanadium catalysts
in the reaction of vapor-phase oxidation of 3-methylpyridine showed that the
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introduction of titanium and zirconium dioxides contributes to an increase in the
activity of the oxide-vanadium catalyst. It has been established that the three-
component V-Ti-Zr-O contact directs the oxidation of 3-methylpyridine mainly
towards the formation of nicotinic acid: in the low-temperature region (250-270
°C) the selectivity of its formation is higher than 85 %.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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3-METHJITTUPHJIH]I BY KYHUIHJIE TOTBIKTBIPY JIAFbI
BAHA/JIVII OKCHJITI KATAJIU3ATOPJIbIH KACUETIHE TUTAH )KOHE
LIMPKOHUN JJMOKCUTEPIHIH MOJIU®UIIPYIII OCEPI

3-MeTHAMMPUANHAL Oy (a3aibl TOTHIKTHIPYIAFbl BAHAAUNH OKCHUATI KaTaIN3aTOPIbIH
KACHCTIHE THTAH JKOHE IIUPKOHUI TUOKCUATEPIHIH oCepi TaIKbLIaAHABI.
TyiiiH ce3mep: TOTBIFY, 3-METHIUPUINH, HOIKOTHH KBIIIKBLIBI, KaTaau3aTopiap.
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HA CBONCTBA OKCHJTHOBAHAIMEBOI'O KATAJIM3ATOPA
B [TAPO®A3HOM OKUCJIIEHNU 3-METUJIHIMPUANHA

OO6cyxnaeTcst BIMSIHNE JUOKCHIOB TUTaHA U IUPKOHMSI HA CBOWCTBA BaHAIMHOKCH/I-
HOTr0 KaTajau3aropa B mapoha3HoM OKHCICHUHU 3-METHITUPUIIHA.
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SELECTION OF MOBILE PHASE SYSTEMS
FOR CHROMATOGRAPHIC RESEARCH OF " Lu - DOTAELA

Abstract. This paper considered the experimental data on selection of the optimal
conditions for separation of free '"’Lu*'cation and labeled '""Lu-DOTAELA complex by
paper chromatography in determining the radiochemical purity of the synthesized pre-
paration. The following issues were also reviewed: the effect of structure and the ratio of
mobile phase components, and the type of chromatographic paper on separation qua-
lity. The most qualitative separation was observed in application of a mobile phase, repre-
senting a buffer solution of sodium citrate with pH 5.0 and sodium chloride with the use
of the chromatographic paper.

Keywords: paper chromatography, mobile phase, radiopharmaceutical, lutetium-
177, DOTAELA.

Introduction. Receptors for triple negative breast cancer express the gona-
dotropin-releasing hormones (GnRH) in more than 50%cases. Among several
analogues (agonists and antagonists) of GnRH that have been studied for
treatment of this type of cancer, the non-peptide antagonist elagolix (ELA) is
of greatest interest [1].

Selection of '"" Lu as a radioactive component of the preparation is deter-
mined by optimal depth of penetration in human tissue during radionuclide the-
rapy of small tumors, and also by low radiation load for the healthy organs.

In nuclear medicine, radiopharmaceuticals are used for diagnosis and
treatment of oncologic, infectious and other pathologies [2]. Radiopharmaceutical
preparations contain the substances labeled with radioactive nuclides. During
examination of the particular organ, an appropriate radionuclide labeled carrier
substance is used in the body. The resulting complex after administration to the
patient accumulates in the particular organ. If the unknown amount of the labeled
impurity substance in the radiopharmaceutical finds its way to another organ, the
capability of correct evaluation of the patient’s examination results can be signi-
ficantly reduced, especially taking into account a wide range of individual meta-
bolic processes

The decisive factor in obtaining good results is that the radiopharmaceutical
has the acceptable radiochemical purity [3]. Determination of radiochemical
purity is the only guarantee that a drug, administered to a patient, will provide
reliable diagnostics or therapy.
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Thin layer chromatography (TLC) and chromatography on paper (CP) are
widely recognized as reliable quality control methods in determining of radioche-
mical purity. These methods enable only one or two of impurity components to be
recorded. The quantitative results are very sensitive to the details of testing pro-
cedure. TLC and CP methods often require about one hour of analysis time [3].
The United States Pharmacopeia (USP) [4] indicates that minimum 90% of total
radioactivity corresponds to radiopharmaceuticals, but the monographs do not
indicate the method for radioactivity counting.

The aim of the work is the development of the procedure for determining the
radiochemical purity of the synthesized substance of antagonistic action of the
triple negative breast cancer DOTA-Elagolix (DOTAELA) labeled with lute-
tium-177.

The advantages of '"Lu as the therapeutic isotope are determined by its
nuclear characteristics: maximum f-energy (maxB = 496 keV, y = 113 keV
(6.4%) and 208 keV (11%)); a half-life of 6.71 days; the optimal depth of
penetration into human tissue for radiation therapy of small tumors, a small radi-
ation load on healthy organs [5, 6].

The experiments included the study of the following factors: chromatography
paper, mobile phase and its composition.

EXPERIMENT

The chromatographic system was developed for the DOTAELA substance.
Radio-labeling was performed with lutetium-177isotope, obtained by irradiating
of 200 pg of lutetium chloride, with a thermal neutron flux of 2x10'* n/cm,xs for
291 hours. After irradiation, the target was exposed for 6 hours and then trans-
ported to the Radiochemical Unit of the Scientific Technical Center of Radio-
chemistry and Isotopes Production (STC RIP) into the hot chamber for ampoule
opening, followed by target dissolution in 2 ml of 0.01 M hydrochloric acid
solution.

For DOTAELA radio-labeling, 71 pl of DOTAELA solution was taken into a
10 ml vial, so that the final concentration was 30 pg/ml, then 125 pl of acetate
buffer with pH 4.5 was added, then 8 pL of lutetium-177 chloride was added and
the volume was adjusted to 2 ml. The final mixture was placed in a glycerin bath
at 80-90 °C for 30 minutes. When time was over, the vial was removed and
cooled. Then the sample was taken for chromatography.

Chromatographic FN1 type paper and Whatman paper No.3 were used as a
stationary phase with the total length of 15 cm for the ascending method and 19
cm forthe descending method. Test solution (5 pl)was applied to the start line at 3
cm and 6 cm distance from the start of the chromatographic strip. After applica-
tion, the spots were dried. The strips were then placed in a sealed chamber, and
one end of it was immersed in a solvent [7]. The following was used as mobile
phases: 10% solution of ammonium acetate in methanol (30:70 v/v); the solution
of sodium chloride 0,9%; 0.1 M sodium citrate buffer solution, pH 5.0.
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The analysis was carried out using a radio-chromatogram scanner Veenstra
VCS-103 base.

RESULTS AND DISCUSSION

In the course of the chromatograms analysis it was decided to use further the
chromatographic paper in the system of solvent descending current due to shorter
time of chromatography it provides.

The experimental studies on determination of the optimum conditions for
lutetium-177 labeled DOTAELAradiochemical purity showed that this substan-
ce is not dissolving in the aqueous solutions. This is confirmed by the chromato-
grams shown in the figures 1 and 2.
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Figure 1 — Chromatograms (A and B) of "Lu*"
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Figure 2 — Chromatogram of '"’Lu-DOTAELA.
Peaks (I): '""Lu-DOTAELA, (II): '""Lu and (III): fragments of '”’Lu-DOTAELA radiolysis

In figures 1 and 2, the main '""Lu-DOTAELA peak, detected by the scintil-
lation detector (Nal) after using the aqueous solutions of sodium citrate and
sodium chloride as mobile phases, is located on the start line, and the peak,
corresponding to the free Lu-177, moves along the chromatogram along with
the solvent front. Therefore the important conclusion can be made that
"""Lu-DOTAELA does not prevent determination of unreacted Lu-177 impurity in
the reaction mixture.

To obtain the chromatograms in figure 3, the chromatographic strip was
placed in a system of organic mobile phase of ammonium acetate in methanol.
After chromatography in the organic medium, the analysis of the chromatogram
in figure 2 showed that the unreacted Lu-177 remains on the start line and is not
moving along with the solvent front, while the '"Lu-DOTAELA substance is
moving with the solvent front and is not characterized by clear peak character, so
this system is not suitable for separation.

Conclussion. Thus, it was found that the citrate buffer have the best para-
meters for studying the behavior of '""Lu-DOTAELA and obtaining the chroma-
tograms of the products of its interaction with '’Lu.
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Figure 3 — Chromatograms: A - '""Lu*" and B-(I): """Lu*"u (II) """Lu-DOTAELA

It should be noted that the method of chromatography of synthesis products
in two mobile phases of sodium chloride and citrate buffer solution provides
an accurate estimate of the content of the radio-labeled target product
“'"Lu-DOTAELA”, as well as the radiochemical impurities of unreacted '""Lu.

The work was carried out with the support of G.2018 [No. AP05134384].
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XPOMATOI'PAOUAJIBIK 3EPTTEVJIEPI'E APHAJIFAH
YAJIbI ®A3AJIBIK )XYUEHI TAHIAY TAHBAJIAY
JIIOTELINN-177 YILIIH DOTAELA

Y per Tepic cyrOe3i KaTepii iCIriHIH peuentopiiapbl TOHAJOTPOIUH/I IBIFapa-
TeIH ropMoHAapasl (GnRH) 50% icrepuin canbl. PakaHblH OChI TYpiH eMeyre apHajFaH
GnRH 6iprernre anagorraps! (aroHUCTHI XK9HE aHTArOHUCTHI) apachblH/a MENTUATI aHTaro-
nuct snaronuke (ELA) eHKBI3BIFY IIBUIBIKKA He. S aponbik ¢pu3nka nHCTUTYTH HopBerns-
HbiH OCII0 yHMBEPCUTETIHIH 3epTTeyIIiTep KOMaH{aChIMeH KyMbiIC icteiini | Lu gen 6e-
rinearen DOTAELA Herizinzeri paguodapManeBTuka KYpbUIIbl. TepanusuiblK H30TOII
petinze '""Lu apTHIKIIBUIBIFG! SIPONBIK CHIIATTAMACKIMEH AHBIKTAIAIBI KilIKEHTAll iCik-
TepAIH paJHalysIIbIK Tepanuschl YIIiH aJlaMHBIH YJIITachlHa €HYIIH OHTAaMJIbl TepeHMiri,
cayopraHiapeiHa apHAJFaH IIaFbIH PaTHANMAIBIK KykTeme. Ochl Makamaga '/ 'Lu’* Men
""Lu-DOTAELA TanGanaHraH KOMIUIEKCTi Kara3 XpoMaTorpapuschiMeH Gomyre apHai-
FaH OHTAWJIbBI >KaFgaiapisl TaHAAy Typajbl SKCIIEPUMEHTAJbl JEPEKTEp KENTIpiITreH.
CoHpaii-ak, KOMITO3HMIIUSHBIH CEp €Tyl KoHe MOOWIBII (a3aHblH KypaMaac OeliKTepiHiH
OeJtiHy camachklHa, XpoMarorpadusiIbIK Kara3 TYpiHe KaThblHAChI KapacThIpbUIabl. HaTpuii
LUTPaTBIHBIH Oy(epItiK epiTiHIICiH YChIHATBIH MOOWIBI (ha3aHbl Mainanany Kes3iHIe eH
JKOFapbl canaibl 6eniny Oaiikanael, pH 5.0 skoHe HATPHIA XJIOPUAI.

Tyiiin ce3mep: Karazxpomarorpaduschl, >KbUDKbIMAJBI (a3zacel, paanodapmares-
TuKa, Jrortenuid-177, DOTAELA.
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BBIFOP MOBIJIBHBIX ®A30BBIX CUCTEM
U1 XPOMATOT PA®MUECKUX NCCJIEJJOBAHUI
JIOTAEJIA JIJISI TIOTELUA-177

Penientopbl [uist TPOWHOTO OTPULATEIBHOTO paka MOJIOYHOW JKeJe3bl BBIPAXKaroT
TOHAJOTPONMH-BBICBOOOXK Matome ropmonbl (GnRH) Gonee, yem B 50% ciyuaeB. Cpenu
HECKOJIBKUX aHaJIoroB (aroHHUCToB M aHTaroHucToB) GnRH, koTopble ObLIN M3yUYeHBI IS
JICUYCHHUSI DTOTO THIA paka, HauOOJBIIMH MHTEpPEC MPENCTABISET HENENTHUAHBIA aHTaro-
nucr elagolix (ELA). MuctutyT sinepHoii ¢pusnku paboTaer ¢ KOMaHAOM HcclienoBaTenei
n3 Yuausepcurera Ocno, HopBerus, B co3nannyu paanodapManeBTHIECKOro Mpenapara Ha
ocaoBe DOTAELA ¢ mapxuposkoii '/ 'Lu. IIpeumymiectsa '/’ Lu B KauecTBe TepaneBTH-
YECKOT0 M30TOMA ONMPEIEISIFOTCS €r0 SIIEPHBIMHA XapaKTePHUCTUKAMU: MaKCUMAaJIbHOW OI-
TUMAaJIbHON TTTyOWHON NMPOHMKHOBEHHUS B TKAaHb YEJIOBEKA IS JIydeBOM TEpamuu MajbIX
oIryXxoeil, HeOOIIBIION pauaIliOHHON Harpy3KOH Ha 3I0pOBBIE OPTaHbI.

B pabote mpejacTaBieHbl SKCIIEPUMEHTANBHbBIC JaHHBIE MO BHIOOPY ONTUMAalbHBIX
yCIHoBMil ISt pasjeleHns cBoGoHOro KatuoHa ' 'Lu’’ u Medenoro kommmekca ' Lu-
DOTAELA c¢ nomomipto OymaxkHOH Xpomarorpaduu. Taike ObBUIM PacCMOTPEHBI BO-
MIPOCHI BIIUSIHUSI COCTaBa U COOTHOIIEHHS KOMIIOHEHTOB ITO/IBW)KHOW (ha3bl Ha KauecTBO
paszzeneHus, THI xpomatorpadudeckoi Oymaru. Hambonee kauecTBeHHOE paszejieHUE
HaONIOANIOCh TIPM WCIIOJIB30BAHUM TOJBIDKHON (a3, mpexacTaBisromieil OydepHbIi
pactBop nuTpata Hatpus ¢ pH 5,0 u xnopunom HaTpusl.

KaioueBsbie ciioBa: OymaxkHas xpomarorpadus, HoABMWKHAS ¢asa, pagnodapmares-
trueckas, motenuii-177, DOTAELA.
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EXTRACTION OF QUERCETIN
FROM LINOSYRIS VILLOSA

Abstract. The chemical composition of the plant Linosyris villosa is being investi-
gated for the first time. The following ingredients were extracted from this plant: aglikon
quercetin of phlavonoid nature. Different types of chromatography have been applied (co-
lumn adsorbing, preparational); there was extracted an individual form of quercetin. The
physical-chemical methodology analysis was used to prove its structure.

Keywords: quercetin, aglikon, plant Linosyris villosa, chromatography, column,
preparational, biological activity, antioxidental, immune-modeling, antibiotic.

Introduction. Flavonoids take active part in the cellular circuit processes of
a plant. They function as growth regulators, as well as plant development and
reproduction regulators. Scientists are interested in flavonoids due to the wide
spectrum of their biological activity. A lot of phytopreparations contain flavo-
noids. While being the safest medicines, these preparations are paid close atten-
tion to. Plants contain varied amounts of flavonoids: from 0.5% to 20% (e.g. blos-
soms of Styphnolobiumjaponicum) in average. Flavonoids contained in plants
can be of two types: aglycones or glycosides. The Embryophyta, such as the
family Compositae (Asteraceae), Polygonaceae and legumes, are especially rich
in flavonoids.

Flavonoid preparations can potentially help to prolong human life, as some
of them have anti-sclerotic and anti-oxidant activities, which slow down aging
processes. In a human body, flavonoids influence both enzymatic systems and
immune processes, causing various effects. A lot of scientists assert that the wide
spectrum of biological activity of flavonoids is predetermined by their anti-
oxidant activity. Flavonoids, such as quercetin, myricetin and kaempferoland
rutin, can not only bind, but also restore or oxidize ions of metals with variable
valencies. By this way they are able to stimulate or inhibit free radical processes
occurring in a human body [1].

The interconnection between the structure and anti-oxidant activity has been
studied for most of the flavonoids produced by plants. It has been found out that
flavonoids, as well as polyphenols, can serve as a ‘trap’ for free radicals and
inhibit peroxidation of lipids. The most active flavonoids are quercetin, myricetin
and morin which inhibit lipid oxidation from 78 to 83%. Being antioxidants the
flavonoids play an important part in protecting the structure and functions of the
liver in cases of pathologies, quicken the regeneration and restore the functional
activity of hepatocytes, especially in cases of complex therapy of acute and
chronic hepatitis and liver cirrhosis.
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In the modern medicinal practice, flavonoid preparations are widely used in
various forms: pills, ointments, tinctures, extracts, powders, dragees and capsules.
Much attention is paid to the anti-inflammatory activity of flavonoids which is
probably connected to their antiulcerant, wound healing, antipyretic and astrin-
gent activities.

The antimicrobial properties of flavonoids are also remarkable. One has
detected the negative influence of quercetin and myricetin upon gram-positive
bacteria, as well as the influence of flavones and chalconoidsupon staphylo-
coccus. Gallocatechin, epigallocatechin and the oxidized sum of catechinshave
antimicrobial properties active for staphylococci and streptococci. Isoflavones,
isoflavonoids and flavonolsare chemically and biochemically remarkable. All of
them have cholesteric, diuretic and antihyperglycemic activity in various degrees.
The large therapeutic potential of flavonoids allows to regard them as sources of
general treatment activity.

Flavonoids have a valuable property of quick evacuation and the absence of
cumulation. Flavonoid preparations are essential not only for treating illnesses,
but also for the prevention of vascular problems. Flavonoid preparation treatment
has proved effective in cases of cavitary diseasein the post-operation period,
glaucoma and hyperthyroidism [2].

The anti-oxidant activity of flavonoids has been studiedrecently. In this
regard, the problem of creating medicines with anti-oxidant properties has beco-
me topical. Such preparations can be used for the prevention and cure of illnesses
which are accompanied by the intensification of free radical reactions. Bioflavo-
noids are ranked first among exogenous natural antioxidants. The most pharma-
cologically remarkable are preparations with the high proportion of aglycones and
glycosides, such as quercetin, kaempferol, apigenin, luteolin, isorhamnetin and
methoxylated 6-oxyflavonols [3].

Such pharmaceutical dosage forms containing quercetin as Corvitin and
Lipoflavon are rather effective in various pathological conditions. The therapeu-
tical effect of using soluble and injection forms become apparent significantly
quicker. Due to the wide spectrum of the physiological activity of quercetin, the
creation of such forms are of special importance.

Ukranian scientists have created a new pharmaceuticaldosage form — Cor-
vitin — which is water-soluble powderfor preparing injections on the basis of the
synthetic modulator of solubility (polyvinylpyrrolidone). Lipoflavonhas been
created with the help of phosphatidylcholineliposomes. The use of phospha-
tidylcholineliposomes as carriers allows to inject the preparation into blood. It is
possible due to the penetration through the phospholipidbilayer of membranes and
the quick transportation of the preparation to the target cells.

As a result of the preclinical trial, it has been found out that Corvitinhas low
toxicity indicators. It does not possess any allergic influence. It has been detected
that Corvitinhas a significant anti-oxidant effect, as well as an inhibiting activity
for membrane enzymes, especially lipoxygenases, activating and preserving the
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nitrogen oxide level in the affected tissues and blood, protecting membrane-bound
enzymes which regulate ion (calcium) homeostasis in the cells.

The wide spectrum of the pharmacological characteristics of Corvitinhas
been a major cause for its further testing. Especially significant activities of this
preparation are anti-oxidant, anti-inflammatory and membrane-stabilizing actions
which are predetermined by the inhibiting influence upon the essential enzyme
systems of a cell.

Tests have shown that Lipoflavonin the 0.1 mg/kg dosage with the parenteral
route of administrationhas a positive effect on the nerve fiber regeneration. Both
the number of nerve fibers and the regeneration rates are increased. The thera-
peutic effect of Lipoflavonis predetermined by the liposome form, which is a pro-
duct of nanotechnology having high affinity rate to the cell membranes, and
quercetin, which is an antioxidant protecting nerve cells from the oxidation stress,
activating endogenous anti-oxidant protection systems, reducing the inflammation
and increasing the axon growth. It contributes to the regeneration processes of the
nerve fibers and can prevent degradation processes at the late stages of resto-
ration.The liposome form of quercetin accelerates the emergence and myelination
of nerve fibers. Even within a short period of usage (10 days) Lipoflavonhas an
apparent neuroprotective effect [4].

Quercetin is one of the most well-known and profoundly studied flavonols.
It is wide-spread in the plant kingdom. The term ‘quercetin’ stems from the Latin
word ‘quercus’, which means ‘oak’. Both oak bark and oak timber contain this
substance. The biggest amount of quercetin is in tea (up to 2500 mg/kg of dry
leaves). Quercetin belongs to the Vitamin P group. It is found in onions, apples,
blueberries, black and green tea, red wine, leafy green vegetables and legumes.
For industrial (pharmaceutical) needs, it is extracted by hydrolysis of rutin which
is produced from Styphnolobium japonicum or buckwheat. Organic fruits and
vegetables contain much more quercetin. Thus, tomatoes which have been grown
in the natural environment, for instance, contain 79% more of this useful fla-
vonoid than hothouse tomatoes.

Quercetin can be taken as a food additive. However, it is badly digested as a
separate substance — most of it is metabolized into inactive phenolic acids or just
gets removed from the human body. Nutrients are always better assimilated from
whole foods rather than from their separate fragments.This phenomenon can be
explained by the fact than any substance naturally exists in a combination with a
variety of other synergizing nutrients which increase their assimilation and
utilization rates.

By now, there has been extensive research of quercetin preparations for the
possibility of their use in order to prevent and cure various illnesses. The sum-
mary of the sources available shows a wide spectrum of biochemical and phar-
macological properties of quercetin [1, 2].

It is believed that quercetin possesses a wide spectrum of biological activity.
It can positively influence metabolism, thus, preventing obesity. It can also
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demonstrate an anti-inflammatory effect and prevent atherosclerosis. It is also
capable of blocking tumor cell proliferation, decreasing the risk factor expression
of cardiovascular diseases. It is regarded as an agent which can inhibit the pro-
gress of atherosclerosis-related processes.

Having the ability of inhibiting the activity of 5-lipoxygenase, quercetin
demonstrates anti-inflammatory properties and synergism with nonsteroidalanti-
inflammatory preparations. The ability to block cell division makes quercetin use-
ful both as an anti-inflammatory preparation and as a cancer prevention means
[3].

Quercetin neutralizes aggressive oxygen-containing and nitroxyl radicals,
breaks the reaction chains of free radicals. Hence, it can stop pathologic processes
in cells. Oxidation products of free radicals are the main agents of the oxidation
stress in the cell. They cause various illnesses. Thus, the prevention of free radi-
cals’ formation or their neutralization is essential for the successful treatment of
illnesses.

The combination of anti-oxidation and membrane-stabilizing properties of
quercetin contributes to the decrease in capillary permeability and stabilization.
As a result, the increase in energy supply of cardiac hystiocytes due to the anti-
oxidation activity and enhanced blood flow predetermines the cardioprotective
effect of quercetin.

The selective inhibiting influence upon cell enzymes also lies in the basis of
pharmacological and biochemical effects of quercetin. It allows to position quer-
cetin as a specific bioregulator of enzymatic processes occurring in the human
body.

Numerous recent researches has proved that quercetin has neuroprotective,
anti-oxidation, immunomodulatory, membrane-stabilizing, cardioprotective,
antihypoxicand anti-inflammatoryactions, it reinforces reparative processes in the
organism. Experimenting on volunteers has shown that quercetin is able to
produce a positive effect upon patients suffering from inflammatory or oxidation
stress, but it does not show any considerable effect when it is used by healthy

people [4].
EXPERIMENT

The plant Linosyrisvillosa has been used in the given research. Samples were
gathered in its blooming phase in the North-Kazakhstan Oblast.The raw material
was dried and crushed till the air-dry state. Then pharmacopoeia indicators were
tested. The moisture content in the plant was equal of 8.1% [5].

The raw material was extracted by hexane in the Soxhlet extractor, in the
water bath, with the hexane boiling temperature for 10 hours. The ethanolic ex-
tract was boiled dry. The dark brown sediment was dissolved in ethanol and then
it was applied to the column with aluminium oxide.

Two zones were observed on the column: the upper zone was black, and
the lower one was yellow.The elution of the yellow zone was conducted by
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96%-ethanol. Three fractions (5 ml of each) were gathered. All fractions were
studied with the use of the two-dimensional paper chromatography method in the
dissolvent system of butyl alcohol — acetic acid — water with the 4:1:5 ratio (I) and
2%-acetic acid (II).On the chromatogram of the first fraction, there was an oblong
spot which had the values Rf (I) = 0.80 and Rf (IT) = 0.00. In the ultraviolet (UV)
light, the spot fluoresced showing the yellow colour. In the ammoniavapour, it
acquired the bright yellowcolour. This fact shows that it is an aglycone of the fla-
vonoid nature. Because the spot was oblong, it was assumed that the chromato-
gram contained several flavonoid aglycones [6].

The chromatogram of the second fraction also contained an oblong spot. In
the UV light, the spot fluoresced showing the yellow colour. In the ammoniava-
pour, it acquired the bright yellow colour. The position of the spots on the chro-
matograms of the first and second fractions indicates that the spots are flavonoid
aglycones with the values Rf (I) = 0.80 and Rf (II) = 0.00. The chromatogram of
the third fraction contained a spot with Rf (I) = 0.78 and Rf (II) = 0.00, which also
corresponds to a flavonoid aglycone. In the UV light, the spot fluoresced showing
the yellow colour. In the ammoniavapour, it acquired the bright yellow colour.
The substance on the third chromatogram was identical to quercetin [7, 8].

The eluates of Fractions 1 and 2 with Al,O; were combined and boiled. An
oily mass was produced which was further processed with distilled water. Then
the sediment was dissolved in 96%-ethanol and further chromatographed on the
column with aluminium oxide. On the column, there was one yellow zone which
was eluated by the mixture of ethanol and chloroform with the ratio 9:1. The
produced eluate was yellow. It was boiled dry and crystalized from 80%-ethanol
solution [9].

As a result, an amphoteric substance of yellowish brown colour with the
fusion temperature of 288-290 °C was produced.

The method of preparation chromatography was used for the further puri-
fication of the substance. The dissolvent system of butyl alcohol — acetic acid —
water with the 4:1:5 ratios was used and 86 mg of the substance was produced.
Aglycone was crystalized from ethanol. A substance of yellowish green colour
with the fusion temperature of 304-308 °C was produced. Aglycone was studied
with the help of the two-dimensional paper chromatography method in the dis-
solvent system of butyl alcohol — acetic acid — water with the 4:1:5 ratio (I) and
2%-acetic acid (II). On the chromatogram, there was a spot which had the values
Rf (I) = 0.80 and Rf (II) = 0.00. In the UV light, the spot fluoresced showing the
yellowish colour. In the ammoniavapour, it acquired the bright yellow colour.
According to the position of the spot on the chromatogram and its colour, the
substance was identified as an aglycone of the flavonoid nature.

The infrared (IR) spectrum has been identified for the aglycone using KBr.
There are absorption bands in the IR spectrum, in the area of 1,660 sm™, which
correspond to the vibrations of the carbonyl group (C=0); in the area of 3,450 sm™,
which correspond to the vibrations of the hydroxyl groups(-OH); in the area of
2,850, 2,940 sm™', which correspond to the vibrations of the (C=C) aromatic ring.
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Conclusion. Hence, according to the fusion temperature, qualitative reac-
tions, data sources and IR spectroscopy, the produced aglycone has been iden-
tified as quercetin with the following structural formula (figure) [10].

Stuctural formula of Quercetin
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Pe3rome

B. JI. Hazaposa, E. B. Axanvkosa, A. ©. bexmemicosa
LINOSYRIS VILLOSA ©CIMJITTHEH KBEPLIETUH/II BOJIIIT AJTY

«Lynosyris villosay eciMIiriHiH XUMHUSITBIK KYpaMbl aliFall 3epTTenyae. OCiMaikTeH
(h1aBOHOMATHI TAOMFATTHI KBEPLETHH aTJIMKOHBIH OO aniplK. XpoMaTtorpadusHbH dp
TYpJIepiH: OaraHaIbIK, aJCOPOLMSIIBIK, TPENapaTuBTI KOJIaHa OThIPa, KBEPLETUH/II JKeKe
TYpZie O6JIim abl, OHbIH KYPBUIBICHIH TAJIAAYIbIH (pU3NKa-XHUMHUSUIBIK 91iCTEpIMEH JIoIIeN-
JeliK.
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Tyiiin ce3mep: kBepietrH, Lynosyris villosa eciMziri, xpomaTorpadus, OaraHabIK,
IpenapaTHBTI, OWOJOTHSUIBIK OCICCHIUTIK, AHTHOKCHUAAHTTBI, HMMYHOMOICIHUPIICYIII,
KaObIHyFa KapChl.

Pe3rome
B. 1. Hazaposa, E. B. Axanvroea, A. V. bexkmemucosa

BBIJAEJIEHWE KBEPHHETUHA
N3 PACTEHUSA LYNOSYRIS VILLOSA

Xummuaeckuii cocraB pacteHus «Lynosyris villosa» m3yuaercst Brepsbie. 13 pacre-
HU BBIACIIWIN arJIMKOH-KBCPUETHH q)HaBOHOH}IHOﬁ IMpUPObI. HpI/IMCHHH Ppa3HbIC BHUbI
xpoMmartorpaduu, KOJIOHOYHYIO, aICOPOIIMOHHYIO, PENapaTUBHYIO, BBIICIHIN KBEPIETHH
B YMCTOM BUJEC U JOKa3aJin €ro CTpOCHUC (bI/ISI/IKO-XI/IMI/I‘-ICCKI/IMI/I METOAAaMH aHaJIu3a.

KiroueBnie ciioBa: kBeprieTrH, pactenue Lynosyris villosa, xpomarorpadus, Koo-
HOYHAs TpernapaTUBHAsI, OHONOTHYECKas aKTHBHOCTh, aHTHOKCHIAHTHAs, UMMYHOMOJIE-
JHUPYIOLIAsi, IPOTHBOBOCTIATHTEIbHAS.
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COMPOSITE MATERIALS BASED ON ARYLALICYCLIC
COPOLYIMIDE WITH ADDITIVES OF POLYETHYLENE GLYCOL

Abstract. Composite films of various compositions from copolyimide based on tri-
cyclodecene tetracarboxylic and diphenyloxytetracarboxylic acid dianhydrides with poly-
ethylene glycol additives were obtained. Using IR spectroscopy, it was found that poly-
ethylene glycol is well combined with copolyimides, forming H complexes on functional
groups of PEG and residual amide acids. The thermal and mechanical properties of the
obtained composite films are determined. It is shown that PEG additives contribute to an
increase in thermal stability, improve strength properties of composite films in compari-
son with copolymer, while elasticity has acceptable values for such a material.

Keywords: aromatic dianhydride, alicyclic dianhydride, copolyimide, polyethylene
glycol, composition, film.

Introduction. At present time, new polyimide materials developed that pos-
sess a set of properties that satisfy the majority of requirements for materials used
in the electrical engineering industry, including energy-saving technologies [1, 2].
Among of them there are materials based on polyheterocycles of alicyclic struc-
ture, including dianhydrides of tricyclodecene tetracarboxylic acids and various
diamines, due to their high hydrolytic stability, resistance to aggressive media,
high level of electrophysical characteristics [3, 4]. However, these polymers are
characterized by lower thermal stability comparatively to aromatic analogs. To
production the composite materials with the necessary properties that facilitate
their use as a matrix in micro- and nanoelectronics, electrical engineering, inte-
grated optics and other optical technologies, as products with unusual photosen-
sitive, magnetic, heat-conducting properties, modification of (co) polyimides with
various plasticizing and inorganic additives are made [5].

In this work, modification of (co) polyimides based on dianhydrides of tri-
cyclodecene tetracarboxylic, diphenyloxydetetracarboxylic acids and diaminodi-
phenyl ether by polyethylene glycol was carried out. This approach extends
practical possibilities of both alicyclic and aromatic homo- and copolyimides [6].

EXPERIMENTAL PART

4,4'-diaminodiphenyl ether (DADPhE) was purified by sublimation in a
vacuum at 0.8 atm. and temperature 202 °C, t,,.;. = 186—188 °C.

Tricyclo-(4,2,2,025) dec-7-ene-3,4,9,10-tetracarboxylic acid dianhydride
(benzene adduct — AB) was purified by boiling in acetone (grade ch.p.), followed
by heating for 2 hours in a vacuum at 0, 8 atm. and a temperature of 200 °C,
(t e, = 350-352 °C).
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Dianhydride 3,3', 4,4'-diphenyloxydetetracarboxylic acid (DFO) was purified
by heating in a vacuum of 0.8 atm. at 230 °C, T e, = 220-221 °C.

Dimethylacetamide (DMAA), methylpyrrolidone (MP), acetone, ethyl alco-
hol, dimethylformamide (DMFA) was purified according by known procedu-
res [7, 8].

Polyethylene glycol (PEG) from Aldrich (USA), M = 2000 (grade ch.p.), was
used without additional purification.

Copolymides based on AB, DFO and DADPhE at the initial ratio AB:DFO =
=90:10 (CPI1) and 85:15 (CPI2) mol. % were prepared by a single-stage copo-
lycondensation in MP in the presence of pyridine (6 wt. %). As catalyst, a gradual
increase in the reaction temperature from 90 °C (at this temperature it was held
for 0.5 h) to 140 °C (3.5 h, respectively), the monomers concentration in the solu-
tion was 40 wt. %.

Compositions based on CPI1, CPI2 with PEG were obtained by adding a
solution of PEG in MP (5 wt. %) in the calculation of 0.5-2 % by weight in a
solution of CPI1, CPI2 (40 wt. % in MP) at temperature 60 °C with permanent
stirring for 1.5 hours.

Films based on CPI and CPI+PEG compositions were formed by watering
solutions of copolyimide and compositions based on it on glass surfaces; in order
to remove the solvent, the films were pre-dried by heating in a drying oven at the
temperature 90 °C during 0.3 hours. After it heat treatment was carried out at the
temperature range from 140 to 250 °C in air for 1.5 hours.

IR-Fourier spectra of copolyimide and composite films based on it were
recorded on a Nicolet 5700 Spectrometer.

The thermal properties of copolyimide and composite films were investi-
gated by the methods of thermogravimetric analysis (TGA) and differential scan-
ning calorimetry (DSC) on a Metter Toledo TGA/SDTA 851c and FP85 TA Cell
device at constant heating rate of 4 and 8 °C/min, from which the temperature of
the beginning of decomposition (Ty4) and glass transition (T,,) of the samples
was determined.

The mechanical properties of the films - tensile strength (o) and elongation
(1), for samples measuring 10x10 mm?* 0.45-0.55 um thick, were studied on a
Com-Tem Testing Equipment (USA) tensile machine.

RESULTS AND ITS DISCUSSION

PEG was used as the modifying additive to the copolyimide matrix. Poly-
ethylene glycols refer to nonionic surfactants in which polyoxyethylene blocks, as
well as terminal hydroxyl groups, can form a composite material [9,10] through a
polymer-polymer interaction [11]. PEG is amenable to any methods of proces-
sing - casting, extrusion, calendaring, pressing. Yarns and films that have good
strength and elasticity can be produced from PEG. Thermo oxidative destruction
of PEG lies within the limits of 320-370 °C, which is a good prerequisite for
combining with heat-resistant (co)polyimides (Ty 4, ~380 °C).
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The preparation of a composite material based on PEG and CPI was carried
out by mechanical mixing of the finished copolymer in which the content of the
amide acid groups does not exceed 10-15 % [12], because during the reaction
mixture of CPI with PEG, polyamide acid which is formed during copolycon-
densation of AB, DFO, and DADPhHE can be cross linked with terminal hydroxyl
groups of the modifier [13].

It was found that by mechanical mixing in alicyclic copolyimide it is possible
to introduce up to 2 % by weight of PEG (M = 2000). Films in this case are vi-
sually smooth, transparent with a smooth surface. The introduction of the molecu-
lar weight modifier 8000 in the SPI does not lead to the production of transparent
films; compatibility of mixture components is absent.

IR spectroscopic study of the obtained compositions and starting polymers
was carried out. It was found that when a solution of PEG is introduced into the
solution of CPI1 in MP, the characteristic band of the first corresponding to the
C-O0 group is overlapped by the bands of the carbonyl of the imides ring and the
amide acid retained in the CPIl and prescribed by one band in the region of
1681-1691 cm™.

As the content of PEG in the composite mixture increases, this band expands.
In the high-frequency region, the intensity of the broad band (3200-3650 cm™) in
the spectra of the initial components of the mixture corresponding to the hydroxyl
groups of PEG and O-H of the undecycled amido acid groups of the copolymer
changes with the addition of PEG. The indicated changes, observed in the spectra
during the mixing of polymers, indicate the formation of complexes between the
components of the mixture at the level of hydrogen bonds [14]. The formation of
H complexes in the mixture is possible between the terminal hydroxyl groups of
PEG and the residual acid groups of the amide acid CPI1. Complication in the
mixture contributes to the thermodynamic compatibility of the components of the
composition.

It was found that containing the PEG in the mixture of polymers about 1—
2 wt. % leads to the appearance of copolyimide (1543.5 cm™) amide groups on
the spectra of deformation vibration bands, their intensity increase with increasing
PEG in the mixture. This may indicate a decrease in the compatibility of the
polymers, i.e. when a PEG of >1 wt.% is added to the copolymer, the interaction
between the components in the mixture weakens, and bands characteristic of pure
polymers are observed in the spectra. In the experiment, however, the revealed
decrease in the compatibility of the components does not affect the appearance of
the films containing 1.5-2% by weight of PEG, they are obtained in a homoge-
neous and transparent manner.

The Figurel shows the IR spectra of SPI2 and compositions based on it, it
can be seen that as the PEG content increases, the broadening of the band in the
region from 1631 to 1695 cm™, related to the stretching vibrations of the poly-
ethylene glycol C—O and the carbonyl of the imides cycle, is observed in the
composition mixture amide acid SPI2. It indicate formation of hydrogen bonds
between the residual acid groups of the amide acid in the CPI2 and the terminal
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hydroxyl groups of the PEG, as in the case of SPI1. However, in the high-fre-
quency region, for the concentrations of PEG 1 and 2 % by weight, deformation
of the absorption bands of stretching vibrations related to the OH groups of the
residual amide acid units in the SPI2 and the terminal hydroxyl groups of the PEG
in the region 3445-3599 and 3355-3555 cm™ occurs in the composite mixture
respectively (figure, curves 4, 5) [14]. This is possible as a result of surface phe-
nomena [10,15,16], manifested in PEG when added to CPI2, since PEG is a non-
ionic surfactant. But these phenomena do not reduce the thermodynamic affinity
of the two polymers, since films containing 2 % by weight of PEG do not exfo-
liate [17, 18].
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IR spectra:
1 — solution of CPI2 in MP on KBr glass; 2 — compositional mixture based on CPI2 + 0.5%
by weight PEG; 3 — CPI2 + 0.75% PEG; 4 — CP12 + 1%PEG; 5 — CPI2 + 2%PEG

Thus, good compatibility of components achieved. Using IR spectroscopy,
found that in the composite mixtures based on CPI1, CPI2 and PEG, the interac-
tion of aryl-acyclic copolyimides with PEG on the functional groups of polymers
with the formation of hydrogen bonds occurs, and in the case of SPI2 with the
maximum content of PEG exhibits surface activity.

To obtain films of acceptable quality on the basis of the developed compo-
sitions, the mode of their heat treatment found experimentally. It was found that
the films formed from the solutions of the film compositions must be dried in air
at the temperature 90 °C during 30 minutes, then successively raise the tempe-
rature to 140 and 250 °C, maintaining in each case during 1 hour, to prevent the
film material surface from swelling as a result of rapid heating.

168



ISSN 1813-1107 Ne2 2018

The limitation of 250 °C film annealing is due to the fact that PEG at high
temperatures tends to form cross linked structures [15], which reduce the elasti-
city of the composite film, which is not desirable for the resulting material. As a
result of this heat treatment, the surface of the films is smooth, the films retain
their integrity and transparency.

The thermal and mechanical properties of the obtained film materials based
on CPI1, CPI2 and PEG were determined, and presented in the table.

Thermal and physico-mechanical properties of composite films

Film/ composition T,y °C T4, °C G5, MPa 1, %
PI 114 380 71 30
CPI1/CPI2+ mass% 0.5 PEG 387/381 402/415 145/179 20/19
CPI1/CPI2+mass% 0.75 PEG 393/375 414/417 160/181 25/18
CPI1/CPI2+ mass%1.0 PEG 373/370 398/395 129/120 17/17
CPI1/CPI2+ mass%1.5 PEG 360/352 393/394 125/83 15/13
CPI1/CPI2+ mass% 2.0 PEG 350/355 390/388 82/79 12/11
CPI1/CPI2 388/382 405/408 150/162 20/17

As can be seen from the data presented in the table, increase of both thermal
and mechanical properties of the films obtained is observed with an increase of
PEG content in the mixture of CPI1 and CPI2 from 0.5 to 0.75 % by weight,
further increase the PEG concentration in the mixture provides a certain decrease
of these values. Such change in the properties of composite films is due, appa-
rently, to a decrease in the compatibility of the components in the composition.

Thus, new composite films based on CPI1, CPI2 and PEG has been obtained.
The optimum content of PEG is 0.75 % by weight, in which the films have im-
proved thermal and strength properties that exceed the similar properties of the
original alicyclic polyimide and its copolymer based on AB, DFO and DADPE,
and the elasticity is acceptable values for a such material.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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M. b. Ouipsaxosa, B. []. Kpasyosa, P. B. Capuesa, K. H. Katinapbaesa

HNOJINOTUIIEHT JINKOJIb KOCITAJIAPBIMEH
APWJTAJIMIUKIIAT COITOJIMMMUA HET'T3TH/IETT
KOMIIO3UTTI MATEPUAJIJIAP

JudennnokcuareTpakapOOH JKoHE YIIIMKIIEIEHTETPaKapOOH KbIIIKbLIIAPbIHBIH
JUAHTHIPHUIITCPIHIH COMOJUMMHUII HETI31HIC MOJUITHICHIJIMKOIb KOCBUTYMEH 9p TYpJi
KYpaMJarbl KOMITO3UIMSUTBIK KaObIKIIamap ansiaFad. MK-crnekTpockomus oiciMeH como-
JIUMEPCTI KaIJIbIK aMHUJOKBIIIKBUIMEH TOJHATIIICHITMKONB/IH (YHKIIMOHAIIBIK TOMTA-
PBI apKbUTEl H-KOMIUTEKC TYy3€ OTBIPHIN, MOJMITUIICHTIIHKOIBIIH COMOTHUMUJIINCH KAKCHI
OpeKeTTEeCeTiHI aHBIKTAIIBL. AJIBIHFAH KOMIIO3HUTTI KAaOBIKIIANAPIBIH TEPMHUSUTBIK JKOHE
MEXaHUKAIBIK KacueTTepi aHBIKTaImbel. [ID] KOCy KOMITO3HISUTBIK KaOBIKIIaIapabIH
COITOJIMMEPMEH CaITBICTBIPFAH/Ia TEPMUSIIBIK JKOHE OCpIKTIK KACHETTEpiHIH KaKcapyblHa
OHBIKIIAJI ETETiHIH KOPCETTi, al CepIiMAUIITI OCBIHAANH MaTepHan YIIiH >kapaMIbl OOJBII
Kama Oepeni.

Tyiiin ce3jep: apoMarThl IMAHTUAPHI, ATAIMUKIAL JUAHTHAPHI, COMOIHHMHUI,
MOJTHA THIICHTJTMKOJIb, KOMIIO3UIIHS, KAOBIKIIIA.
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Pesome
M. B. Ymepsaxosa, B. /I. Kpasyoea, P. b. Capuesa, K. H. Kaiinapbaeea

KOMIIO3ULIMOHHBIE MATEPUAJIbBI
HA OCHOBE APWJIAJIMIIUKIIMYECKOI'O COITOJIMUMHNIA
C J1OBABKAMU [TOJINOTUJIEHT JIMKOJIA

ITomydeHs!l KOMIO3ULIMOHHBIC IUIEHKH Pa3IMUYHOIO COCTaBa U3 CONONMUMHKIA Ha
OCHOBE JIMAHTHIPHUIIOB TPHUIIUKIOACIICHTETPAKapOOHOBOH U AU(PEHUIOKCHATETPAKAp-
OGOHOBOM KHCIIOT ¢ J00aBKaMM MOJIMATHIEHTIIHKOIS. MeTtonom MK-criektpockonuu 06110
YCTaHOBIICHO, YTO MOJMATWICHIJIMKOIb XOPOIIO COBMEIIAETCS C COMOJIMHMHUAAMH, 00-
pa3ys H-komruiekcsl o GpyHKIMOHANEHBIM rpynmnaM 1317 M ocTaToO4HBIX aMHOKUCIIOT.
OnpeneneHbl TEPMUUYECKHE U MEXAHUUECKUE CBOMCTBA IMOMYYEHHBIX KOMIIO3UIOHHBIX
rwieHoK. [lokazano, yro no6aBku [IDI' cOCOOCTBYIOT HOBBIIEHHIO TEPMOCTOMKOCTH,
YIYYIIEHUIO IIPOYHOCTHBIX CBOMCTB KOMIO3UIIMOHHBIX IUIEHOK B CPABHEHHUH C COTIOJIMME-
POM, TIPY 3TOM 3JTACTHIHOCTh UMEET JIOMTYyCTHMBIE JUTS TOZOOHOTO MaTepraa 3HaICHUs.

KuiroueBble cjioBa: apoMaTHUYECKUHA AUAHTHAPUA, AIWLUUKIMYECKUN JUAHTUAPUL,
COITIOJIMUMHU I, TOJTUITUIICHITIMKOJIb, KOMITIO3HIINA, IIJICHKA.
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ALKYLATION OF SODIUM
ETHANE-1,2-DIYLDICARBAMODITHIOATE

Abstract. Ssodium ethane-1,2-diyldicarbamodithioate was obtained by the dithiocar-
bonylation reaction of ethane-1,2-diamine. Then dialkyl ethane-1,2-diyldicarbamodi-
thioates were synthesized by dialkylation of sodium ethane-1,2-diyldicarbamodithioate
with 1-bromine(C;, Cg, Cy, Cyo and Cj,)alkanes in the good and high yields (63-84%). The
structure of the reaction products are confirmed by IR, 'H and '*C NMR spectra data.

Keywords: cthane-1,2-diamine, dithiocarbonylation, alkylation, 1-bromoalkanes,
dialkyl ethane-1,2- diyldicarbamodithioates.

Before in [1, 2] we found, that sodium N-(3-phenylprop-2-yn-1-yl)-N-butyl-
dithiocarbamate (AN-16) significantly accelerates root formation on black currant
cuttings, exceeding the results obtained with known rooting agent - indolylacetic
acid (IAA) [3]. At the same time, its working concentration was an order of mag-
nitude lower than the working concentration of IAA. This compound is highly
effective for stimulating the bookmarking of generative buds of fruit trees, which
makes it promising in innovative technologies for the production of fast-growing
seedlings [4], and it is also of practical interest for cultivation of wild medicinal
plants, increasing seed germination by three times [5].

In this regard, the search for highly effective plant growth regulators among
the new sodium dithiocarbamates of alkylated diamines can let to useful results.

In order to synthesize new hetero-organic compounds and to study their che-
mical, physico-chemical and biological properties, in particular physiological
activity, we carried out the reaction of ethylenediamine with carbon disulphide,
which scheme is shown in figure 1. Reactions of ethylenediamine (EDA) with
carbon disulphide were carried out in 96% ethanol medium at room temperature
and a molar relation of reagents EDA : CS,: NaOH = 1:1,4:1,5.

NaOH s H,C—CH, S
\ 2 \ 2

H/ZC_C\H2 fes, ——=  oonH HAN—d
HN NH, NaS SNa

1

Figure 1 — Reaction of ethylenediamine with carbon disulfide
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As a result of the reaction, sodium ethane-1,2-diyldicarbamodithioate 1 was
obtained in 90% yield, in the form of a pink crystalline substance with Tm = 72-
73 °C. The individuality and composition of the synthesized ethane-1,2-
dioldicarbamodithioate of sodium 1 are confirmed by thin-layer chromatography
and other physicochemical methods. The structure of the compound was
established on the basis of IR spectroscopy and 'H and >C NMR spectroscopy.

The structure of the synthesized compounds was proved by the methods of
IR, "H NMR and "C spectroscopy (the spectra of the synthesized N-octylethane-
1,2-diamine 2 are shown in figures 1, 2 - 4, 5).

In the IR spectrum of sodium bisdithiocarbamate 1, bands of characteris-
tic stretching vibrations of the C-H bonds of methylene groups are in the range
2887 + 2975 cm’', stretching vibrations of the NH groups are at 3291, 3401 cm™,
intense absorption bands of the thioamide group NC = S are at 1430 cm™ and
1046 cm™. Oscillations involving the C-S bond are manifested at 627 cm™.

In the "H NMR spectrum of compound 1, shown in Fig. 2, the resonance
signals of the protons of NCH, groups appear at 3.35 ppm, the signal of protons
of NH - at 8.26 ppm.

5
10
Il

S NH 7 g N;
1%2/5 ~ \NH/ \5/123
g 11

=
=
e}
)
™
100]
5
£ 3
g —] Na
£07s 4
4350]
Solvent
_ =
028 E
|
|
T T T
5

T T T T T T T T T T T T
85 80 75 70 65 B0 55

1t—p.26(5, 8)

R S\
50 45 40 35 30 2
Chemical Shift (ppm)

To_ [ Alom_[Exp . Shift (ppm) | Calc_Shift (ppm) | Difference (pprm)
[ 826 - B

1

2 5 826 - -

3 g 335 3691 -0.337
4 7 335 3691 -0.337

Figure 2 — NMR 'H spectrum of ethane-1,2-diyldicarbamodithioate sodium 1

In the °C NMR spectrum of sodium ethane-1,2-dioldicarbamodithioate 1
obtained which are shown in figure 3, there are resonant signals of carbon atoms
of C = S groups at 215.0 ppm, confirming the introduction of dithiocarbamate
groups into the molecule of a new compound, and the signal of NCH, methylene
groups at 46.7 ppm.

In order to synthesize and study the properties of the new bisdithiocarbamate
derivatives, we investigated the alkylation reaction of bisdithiocarbamate 1 with
1-bromoalkanes (BA) (bromheptane, bromoclotane, bromonanane, bromodecane,
bromododecane). The reaction was carried out by interaction of bisdithiocar-
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4 El 214.99 187,530 27457

Figure 3 — NMR "*C spectrum of sodium ethane-1,2-diyldicarbamodithioate 1

bamate 1 with 1-bromoalkanes at a temperature of 50-55 °C in acetone medium,
at molar ratios of reagents 1: BA=1:1, 1: 2 and 1: 3.

S H,C—CH S S H,C—CH S
A\ 2 N2 /) acetone N\ 2 \2
C—NH HN—C\ + RBr o /C—NH HN—C
NaS SNa 80-55°C g SR
1 2.6

R =2 C7H4s5, 3 CgHy7, 4 CgH1g, 5 C1oHz1, 6 Cy2oHos
Figure 4 — Scheme of alkylation of sodium ethane-1,2-diyldicarbamodithioate 1

After appropriate treatment of the reaction mixtures diheptyl, dioctyl,
dinonyl, didecyl and dododecyl thiodiesters of ethane-1,2-diyldicarbamodithioic
acid 2-6 were isolated in individual yields of 31%, 23%, 17%, 31% and 46%
respectively, if the initial reagents were taken in the ratio 1: BA = 1: 1. As we see,
the yields of thiodiesters 2-6 are quite low, so we carried out this reaction at other
molar ratios of the reagents. At a molar ratio of reagents 1: BA = 1:2, the yield of
thiodiesters 2-6 increases correspondingly to 50%, 35%, 39%, 36% and 62%,
respectively. At a molar ratio of reagents 1:BA = 1:3, the yield of thiodiesters 2-6
increases to 73%, 78%, 63%, 69% and 84%, respectively.

The composition and individuality of the synthesized compounds 2-6 are
confirmed by thin-layer chromatography and other physicochemical methods. The
structure of the compounds was established on the basis of IR, "H and *C NMR
spectroscopy.

In the infrared spectra of synthesized compounds 2-6, intense absorption
bands are observed in the region of 2959-2810 cm™, corresponding to the vibra-
tions of methyl and methylene groups of alkyl substituents; in the region of 3200-
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3400 cm™, broad absorption bands are observed that correspond for valence
vibrations of amide NH groups. The presence of the C=S group is confirmed by
the very strong absorption bands in the spectra region of ~ 1061-1072 cm™, the
weak bands in the 646-663 cm™ region correspond to the C-S bond vibrations,
and the presence of an absorption band, characteristic for NH groups, indicates
that the reaction was on the C-S group.

Table 1 — Physicochemical characteristics of bisdithiocarbamate 1 and thiodiesters 2-6

conp | it | Yl | viewot [ op, [ e en’
(1BA=1:1)| (lBBA=12) | (1BA=13) | °C | NH | CH, CH, | C=S | C-S
1 60 - - 72-73 gggg 2810-2985 | — | -
2 31 50 73 96-97 | 3237 | 2581-2951 | 1061 | 646
3 23 35 78 78-84 | 3370 | 2921 | 1072 | 654
4 17 39 63 80-84 | 3235 | 2851-2952 | 1061 | 646
5 31 36 69 63-65 | 3212 | 2850-2952 | 1059 | 663
6 46 62 84 96-97 | 3214 | 2850-2954 | 1061 | 659

The resonance signals from the alkyl substituents are observed in the 'H
NMR spectra of ethane-1,2-diyldicarbamodithioic acid 2-6: it is a triplet from the
protons of the methyl group in the range 6 0.79-0.81, there are the multiplets from
the protons of the methylene groups (CH,),.; in the 1.18-3.11 ppm region. The
protons of the NCH, group resonate at 3.49-3.75 ppm. in the form of a triplet, the
proton of the thioamide group resonates at 9.84-9.87 ppm. in the form of a
broadened singlet.

In the >C NMR spectra of alkyl thiodiesters 2-6, signals in the regions
14.48-14.51 and 22.58-34.54 ppm, corresponding to carbon atoms of CHj; and
(CHy), groups, are observed. Signal at 197.71-202.36 ppm corresponds carbon
atom of C=S group. Signals in the region of 44.57-44.98 ppm belong to the CH,N
groups.

Table 2 — Data of 'H and '*C NMR spectra for compounds 1-6

NMR 'H, § NMR “C, &
Comp.
NH NCH, (CH,), | CH; | NCH, C=S CH; (CHy),
1 8,26 3,35 - - | 4796 | 187,53 - -
2 9,86 3,73 1,20-3,10 | 0,81 | 44,98 | 197,77 | 1448 | 22,58-34,54
3 9,86 | 3,73;3,75 | 1,20-3,10 | 0,81 | 44,96 | 197,74 | 14,51 | 22,65-34,52
4 9,87 3,73 1,20-3,11 | 0,81 | 44,97 | 197,76 | 14,50 | 22,62-34,52
5 9,85 3,72 1,18-3,07 | 0,79 | 44,96 | 197,71 | 14,50 | 22,67-34,51
6 9,84 | 3,49;3,74 | 1,19-3,11 | 0,81 | 44,57 | 202,36 | 14,50 | 22,64-33,11
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As an example of the experimental NMR spectra, the proton and carbon
spectra of diheptyl ethane-1,2-diyldicarbamodithioate 2 are shown in the Figures
5 and 6. In the figures 7 and 8 the two-dimensional HMQC and COSY spectra of

the same compound confirming the assignment of the signals in 'H and °C NMR

spectra are shown.
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Figure 5 — 'H NMR spectrum of diheptyl ethane-1,2-diyldicarbamodithioate 2
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Figure 6 — *C NMR spectrum of diheptyl ethane-1,2-diyldicarbamodithioate 2
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Figure 8 — COSY NMR spectrum of diheptyl ethane-1,2-diyldicarbamodithioate 2
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EXPERIMENTAL PART

The spectra of NMR were recorded on a JNN-ECA 400 spectrometer from
Jeol (Japan). The working frequency of the spectrometer is 400 MHz on the 'H
and 100 MHz on "C nuclear cores, respectively. The survey was carried out at
room temperature in a solvent of DMSO. Chemical shifts are measured relative to
signals of residual protons or carbon atoms of a deuterated solvent.

The melting points of the obtained substances were determined on a Boetius
heating table. The IR spectra are recorded on a Nicolet 5700 spectrometer in KBr
tablets. The course of the reaction and the purity of the products were monitored
by thin-layer chromatography on plates of "Silufol UV-254", eluent - benzene:
ethanol, 1:3 with the appearance of spots of substances with iodine vapor.

Sodium ethane-1,2-diyldicarbamodithioate 1. A solution of 10 ml (8.8 g,
0.15 mol) of ethylenediamine in 10 ml of 90% alcohol was introduced into a
three-necked flask. The temperature of the reaction mixture was lowered to -5 °C.
and 8.7 g (0.22 mol) of sodium hydroxide dissolved in 2 ml of distilled water was
added. After 10 to 15 minutes of stirring, 12.66 ml (15.95 g, 0.21 mol) of carbon
disulfide were added dropwise to the reaction flask and stirred at room
temperature for 1 hour. Then, alcohol was distilled from the reaction mixture, the
remaining precipitate was washed with acetonitrile. As a result, sodium ethane-
1,2-diyldicarbamodithioate 1 was obtained as crystals R¢ = 0.04, mp = 72-73 °C.
Yield 22.8 g (0.09 mole) (90%).

Diheptyl ethane-1,2-diyldicarbamodithioate 2. A solution of 1 g (0.004 mol)
of sodium ethane-1,2-diydicarbamodithioate 1 in 10 ml of acetone was introduced
into a three-necked flask. The temperature of the reaction mixture was raised to
50 °C and 2.15 g (0.012 mol) of heptyl bromide in 10 ml of acetone was added.
After the addition of the total amount of heptyl bromide, the reaction mixture was
stirred for 2 hours at 50 °C. The reaction was monitored by thin layer chroma-
tography. Then acetone was distilled from the reaction mixture, the remaining
precipitate was washed with acetonitrile. As a result, 1.2 g (73%) of diheptyl
ethane-1,2-diyldicarbamodithioate 2 with Ry = 0.04 was obtained as crystals, mp
96-97 °C.

According to the developed procedure, 1.36 g (78%) of dioctyl ethane-1,2-
diyldicarbamodithioate 3, mp 78-84 °C was obtained from 1 g (0.004 mole) of
sodium ethane-1,2-diyldicarbamodithioate 1, 2.32 g (0.012 mole) of octyl bro-
mide.

According to the developed procedure, 1.17 g (63%) of dinonyl ethane-1,2-
diyldicarbamodithioate 4, mp 80-84 °C was obtained from 1 g (0.004 mol) of
sodium ethane-1,2-diyldicarbamodithioate 1 and 2.49 g (0.012 mol) of nonyl
bromide,.

According to the developed procedure, 1.36 g (69%) of didecyl ethane-1,2-
diyldicarbamodithioate 5, mp 63-65 °C was obtained from 1 g (0.004 mol) of
sodium ethane-1,2-diyldicarbamodithioate 1 and 2.65 g (0.012 mol) of decyl
bromide.
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According to the developed procedure, 1.75 g (84%) of diododecyl ethane-
1,2-diyldicarbamodithioate 6, mp 96-97 °C were obtained from 1 g (0.004 mol) of
sodium ethane-1,2-diyldicarbamodithioate 1 and 2.99 g (0.012 mol) dodecyl
bromide.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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Pe3iome
H. O. Okimbaesa, C. A. Buzep, T. M. Ceuiinxanos, K. b. Epocanos

OTAH-12-TUAIIUKAPEAMOUTUOAT HATPUIII
AJIKWIAEY

Ortan-1,2-muaMUHHIH KYKIPTTI KOMIPTEKIIEH OpEKETTEeCYiH ASTaHON OPTACHIHIAFHI
OenmMe Temneparypacsiaaa, pearearrepaia 9JJA:CS,:NaOH = 1:1,4:1,5 Mmonmpaik KaThHA-
CBIHJA XYPTi3reH peakIUsHbIH HoTmkeciHae 90% IIBIFBIMMEH OalKy TeMIIepaTypacsl
Toamy = 72-73 °C, KbI3FBUIT KPMCTAIBI 3aT TYpiHAe 3TaH-1,2-IuuiaukapbaMoanTHoaT
narpuii (HO/I) anbiaran. Ousl 1-6poM(C;, Cg, Co, Cjg xaone Co)ankannapmen 50-55 °C
TeMIepaTypaja ameToH opTackiHAa, peareHtrepmaiy HOJ: BA = 1:1, 1:2, 1:3 mompaix
KaThIHACBIHIA IUANKHUIICY JKOJIBI apKbUIBI JKYPri3reHae >KoFaphl MbFIMMeH (63-84 %)
COliKec NUANKWINEHTeH J3TaH-1,2-THuiaukapOaMOANTHOATTap CHHTE3JeNTeH. Peakmms
oHiMaepinin Kypbimbickl UK, SIMP 'H xone °C cnextpnepain MoniMertepiMen omen-
JICHICH

Tyiin ce3nep: sTan-1,2-mMamMuH, ATUTHOKAPOOHUIICY, ANKHUICY, OPOMIIBI AJKHII-
Zep, THAIKWI dTaH- | ,2-mnunankapOaMoTUTHOATEI.
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Pesome
H. O. Axumbaesa, C. A. Buzep, T. M. Ceiinxanos, K. b. Epocanos

AJIKUJINPOBAHUE
OTAH-1,2-TUNJIIANKAPBAMOANTUOATA HATPUA

B pesymnpraTe peakumu B3auMoJeicTBHS dTaH-1,2-muamuHa (DA) ¢ cepoyriiepo-
JIOM, TIPOBEICHHOW B cpene 96% 3TaHOoNa MpHU KOMHATHOW TeMIIEpaType, MPH MOJIBHOM
cootHomeHnu peareHToB OJIA: CS,: NaOH = 1:1,4:1,5, monyden srtaH-1,2-mumman-
kapbamonuTtroat Hatpus (HO/I) ¢ Beixomom 90 %, B Buae po30BOro KPHUCTATLIHYECKOTO
semectBa ¢ T, = 72-73 °C. Ilytem ero guankumuposanus 1-6pom(C;, Cg, Co, Cio u Cpy)
ankanamu (BA) mpu temmeparype 50-55 °C B cpeme areToHa, MpH MOJBHBIX COOT-
Homenusax pearenroB HOJl: BA = 1:1, 1:2 u 1:3 cuHTe3upOBaHBI COOTBETCTBYIOIINE JTH-
IKWINPOBaHHbBIE ATaH-1,2-IMMIIMKapOaMOIUTHOAT C XOPOIIUMH M BBICOKUMH BBIXO-
namu (63-84%). CTpoeHHe MPOLYKTOB peaKiuii moareepyxaeHo nanueivu UK, SMP 'H u
13C crextpos.

KnaioueBsie ciaoBa: sran-1,2-auamMuH, TUTHOKapOOHMIMPOBAHHE, AJKMIMPOBAHHE,
1-6pomarnkaHbl, TUATKWI 3TaH- 1,2-THUnAnKapOaMoJUTHOATEI.
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%S. Amanzholov East Kazakhstan State University, Ust-Kamenogorsk, Republic of Kazakhstan

SYNTHESIZE 1,3,5-SUBSTITUTED ISOXAZOLES
AT EXCESSIVE BENZOYLATION
OF B-AMINOPROPIOAMIDOXIMES IN PYRIDINE

Abstract. Excessive acylation of B-aminopropioamidoximes (p-amino group:
piperidin-1-yl, morpholin-1-yl, benzimidazol-1-yl, 4-phenylpiperazin-1-yl, thiomorpholin-
1-yl) was carried out with a doubling excess of benzoyl chloride in pyridine at the boiling
point of the solvent for 4-8 h. The isolated products are: N,O-dibenzoyl-p-aminopro-
pioamidoxime dihydrochlorides in the case of epkyy amksie amidoximes, respectively.
Chloride hydrate of 2-amino-1-aza-7-phenylaminospiro(4.5)decane-2-ene-10-ammonium
and benzoic acid were the isolated products at using as starting amidoxime [-(4-phe-
nylpiperazin-1-yl)propioamidoxime and hydrochloride of O-benzoyl-B-(thiomorpholin-1-
yl)propioamidoxime at using of B-(thiomorpholin-1-yl)propioamidoxime as substrate. The
formation of 2-amino-1-aza-7-phenylaminospiro(4.5)decane-2-ene-10-ammonium chlo-
ride monohydrate can be represented as the initial formation of O-benzoyl-B-amino-
propioamidoxime hydrochloride, its dehydration to 1,2,4-oxadiazole, and the subsequent
passing of the Boulton-Katritazky rearrangement to form a spiropyrazolinium compound
and benzoic acid.

Key words: B-Aminopropioamidoximes, excessive acylation in pyridine, the Boul-
ton-Katritzky rearrangement, benzoyl chloride, IR spectroscopy, 'H and *C NMR spec-
troscopy.

Introduction. Previously, in the series of products of monoacylation of
B-aminopropioamidoximes where among the bases and hydrochlorides of
O-aroyl-B-aminopropioamidoximes, and in the array of products of their dehyd-
ration — 5-substituted phenyl-3-(B-aminoethyl)-1,2,4-oxadiazoles the compounds
possessing with high biological activity were found.

The list of practically useful of B-aminopropioamidoxime derivatives inclu-
des such as properties antiarrhythmic, local anesthetic and antitubercular [1, 2].
To modify B-aminopropioamidoximes in potentially biologically active deriva-
tives containing a 3,4,5-substituted isoxazole heterocycle, the conditions for their
interaction with a double excess of acylating agents were searched. It is known
that the reaction of amidoxime 4-chlorophenylacetic acid with aromatic acid
chlorides with a double molar excess of acid chlorides in pyridine leads to the
formation of N-[4-(4-chlorophenyl) -5-phenylisoxazol-3-yl]benzamide (sche-
me 1) [3].

Structural analogs of isoxazole exhibit various types of biological activity
and are used for a long time in pharmaceutics. Sulfamethoxazole is widely known
as part of the synergistic sulfonamide bacteriostatic antibiotic biseptol; cyclose-
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rine as an antibiotic agent with anti-tuberculosis, antibacterial activity, and also
used in the treatment of leprosy. Biseptol and cycloserine are included in the
WHO Model List of Essential Medicines [4]. The antibiotic Co-trimaxazole (sul-
famethoxazole and trimethoprim), sulfisoxazole (or sulfafurazole) is used as an
agent against a wide range of gram-positive and gram-negative microorganisms
[5]. Oxacillin is an antimicrobial drug [6].

EXPERIMENTAL PART

IR spectra were recorded on a NICOLET 5700 FT-IR device in KBr tablets.
NMR spectra (‘H and °C) are recorded on a NMR Avance III 500 MHz Bruker
(Germany) device with an internal HMDS standard as solutions of compounds
6—11 in DMSO-d¢. Chemical shifts are determined with respect to solvent signals
(2,51 ppm for 'H nuclei and 40,0 ppm for °C nuclei). The melting points was
determined in glass capillaries on a TPL device. The purity of the products and
the course of the reaction were monitored by TLC on Sorbfil plates (ZAO
Sorbopolymer) with a sorbent-loaded silica gel layer CTX-1A with 5-17 pm
grain and UV-254 UV indicator. The solvents used in the synthesis and recrystal-
lization of the compounds and for elution in the TLC method (ethanol, i-PrOH,
benzene) were prepared by standard procedures [11]. The solvent ratio etha-
nol : benzene in the eluent for TLC amounted to 3 : 1.

The two-step synthesis of the starting -aminopropioamidoximes [B-amino
group: piperidin-1-yl (1) and morpholin-1-yl (2)], we proposed to carry out in one
reactor according to the "one-pot" method [12, 13]. B-Aminopropioamidoximes
3-5 [B-amino group: benzimidazol-1-yl (3); 4-phenylpiperazin-1-yl (4); thiomor-
pholin-1-yl (5)] were obtained by a two-step synthesis with isolation of B-ami-
nopropionitriles and subsequent reaction of nitriles with hydroxylamine in abso-
lute ethanol [14, 15].

N,O-Dibenzoyl-f-(piperidin-1-yl)propioamidoxime dihydrochloride (6). To
1000 mg (53 mmol) of B-(piperidin-1-yl)propioamidoxime (1) in 45 ml of pyri-
dine 1,39 ml (106,0 mmol) of benzoyl chloride was added dropwise; then the
reaction mixture was kept at room temperature for 2 h with stirring. After that the
reaction mixture with TLC control was stirred at 115 °C for 4 h. The solvent was
distilled off in a vacuum of a water jet pump; the residue was recrystallized from
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i-PrOH. The yield of colorless crystals of N,O-dibenzoyl-p-(piperidin-1-yl)-pro-
pioamidoxime dihydrochloride (6) amounted to 1300 mg (89%); m.p. 155 °C
(i-PrOH); R, 0,24. Found: C 58,62; H 5,46; CI 15,30; N 9,07. CH,7CLLN;0s.
Calculated: C 58,41; H 6,02; C115,67; N 9,29.

N, O-Dibenzoyl-fi-(morpholin-1-yl)propioamidoxime dihydrochloride (7). To
300 mg (17 mmol) of B-(morpholin-1-yl)propioamidoxime (2) in 15 ml of pyri-
dine, 0,4 ml (34 mmol) of benzoyl chloride was added dropwise; then the reaction
mixture was kept at room temperature for 2 h with stirring. After that the reaction
mixture was stirred at 115 °C for 6 h with TLC control. The solvent was distilled
off under an oil pump vacuum; the residue was recrystallized from i-PrOH. The
yield of a fine white powder of N,O-dibenzoyl-f-(morpholin-1-yl)propio-
amidoxime dihydrochloride (7) was 190 mg (7,5 mmol) (43%); m.p. 110 °C
(I-PI‘OH), Rf 0,40 Found: C 55,78, H 5,20, Cl 15,24, N 9,03 C21H25C12N304.
Calculated: C 55,51; H 5,55; C1 15,61; N 9,25.

N, O-Dibenzoyl-f-(benzimidazol-1-yl)propioamidoxime dihydrochloride (8).
To a suspension of 1000 mg (49 mmol) of B-(benzimidazol-1-yl)propioamido-
xime (3) in 45 ml of pyridine at room temperature 1,39 ml (98 mmol) of benzoyl
chloride was added dropwise; then the reaction mixture was kept at room tem-
perature for 2 h with stirring. After that the reaction mixture was heated at 115 °C
for 6 h. The end of the reaction is fixed by the presence on the plate for TLC of a
single spot of product 8 with R, 0,69. Pyridine was evaporated in a vacuum of a
water jet pump; The precipitate was recrystallized from EtOH. Yield of colorless
crystals of N,O-dibenzoyl-B-(benzimidazol-1-yl)propioamidoxime dihydrochlo-
ride (8) was 370 mg (27%); m.p. 180 °C (EtOH); R/0,69. Found: C 59,14; H 4,96;
Cl 14,55; N 11,50. C4HxCIN4O;. Calculated: C 59,39; H 4,57; C1 14,61; N 11,54.

Chloride of 2-amino-1-aza-7-phenylaminospiro(4.5)decane-2-ene-10-ammo-
nium (9) and benzoic acid (10). To 1000 mg (40 mmol) of B-(4-phenylpiperazin-
1-yl)propioamidoxime (4) in 45 ml of pyridine 0,93 ml (80 mmol) of benzoyl
chloride was added dropwise; then the reaction mixture was kept at room
temperature for 2 h with stirring. After that the reaction mixture with TLC control
was stirred at 115 °C for 4 h. The solvent was distilled off in a vacuum of a water
jet pump; the residue was sublimed in a vacuum of oil pump at 50 °C and 2 mm
Hg. At first 420 mg (43%) of a white precipitate of benzoic acid (10) with R,0,76
was collected on a cooled part of the sublimation apparatus; m.p. 121 °C (EtOH)
[colorless needles, m.p. 122 °C (EtOH)] [16]. Found: C 68,95; H 5,22. C;H40,.
Calculated: C 68,85; H 4,95. Then the residue in the distillation flask was
recrystallized. Yield of light yellow powder of chloride of 2-amino-1-aza-7-
phenylaminospiro(4.5)decane-2-ene-10-ammonium (9) was 440 mg (39%); m.p.
270 °C (i-PrOH); R; 0,08. Found: C 54,94; H 7,82; Cl 11,97; N 19,48.
C13H,CIN4O. Calculated: C 54,83; H 7,43; Cl 12,45; N 19,67.

O-Benzoyl-p-(thioporpholin-1-yl)propioamidoxime hydrochloride (11). To
1000 mg (26 mmol) of B-(thiomorpholin-1-yl)propioamidoxime (5) in 10 ml of
pyridine, with stirring 0,61 ml (52 mmol) of benzoyl chloride was added; then the
reaction mixture was kept at room temperature for 2 h with stirring. After that the

183



XUMWYECKHH )KYPHAJI KA3AXCTAHA

reaction mixture was stirred at 115 °C for 8 h and monitored by TLC. The solvent
was distilled off in a vacuum of a water jet pump; the precipitate was recrystal-
lized from i-PrOH. Yield of O-benzoyl-B-(thioforolin-1-yl)propioamidoxime
hydrochloride (11) was 510 mg (52%), m.p. 119 °C (i-PrOH); R;0,80. [m.p. 120
°C (i-PrOH); Rs 0,79] [15]. Found: C 50,72; H 6,26; Cl 11,02; N 13,06.
C14H2CIN3O,S. Calculated: C 50,98; H 6,11; C110,75; N 12,74.

RESULTS AND DISCUSSION

We have not previously studied the acylation of f-aminopropioamidoximes
under rigid conditions — with an excess of the acylating agent, in a polar solvent,
at the boiling point of the solvent. The preparation of isoxazoles based on -ami-
nopropioamidoximes by the method [3] would allow us to investigate the little-
known question of the excessive acylation of a multifunctional amidoxime group
and, in the case of isolating new isoxazole derivatives, to study their biological
activity.

When analyzing reaction products based on physicochemical and spectral
data (elemental analysis, m.p., R, IR spectra and 'H and *C NMR spectra) (tab-
le 1-3), it was found that in the case of amidoximes 1-3 products 68 were isola-
ted in the form dihydrochloride of double acylation products on oxygen and nitro-
gen atoms of the amidoxime group. In the acylation of B-(4-phenylpiperazin-1-
yl)propioamidoxime (4), a spiropyrazolinium compound 9 and benzoic acid (10)
were obtained; O-benzoyl-(B-thiomorpholin-1-yl)propioamidoxime hydrochloride
(11) was a single product in the reaction of amidoxime 5 (table 1, scheme 2):

Table 1 — Physico-chemical characteristics of the reaction products
of B-aminopropioamidoximes with two equivalents of benzoyl chloride 611

Found, %
Com- Gross Calculated, % Reaction Mp, Ry | Output,
pound formula c H al N time, h °C %
58,62 | 5.46 | 15,30 | 9.07 155
6 | CoHarCLNsOs \ Sy | 602 | 1567 | 920 | 4 0.24 1 8
55,78 | 5,20 | 15,24 | 9.03
7 C,1Hy5CILN304 —’—55 51 —’—5 55 _’—15 61 | 925 6 110 0,40 43
59.14 | 496 | 14,55 | 11.50 180
8 | CaaHanClLNOs 5939 | 4,57 | 14,61 | 11,54 6 0,69 44
9 58,59 | 7.68 | 13.49 |21.35 270
CisHisCING 1 5e°53 | 718 | 1329 | 21.00 4 l(decompy| 08| ¥
68.76 | 5,26
10 C;Hs0O, _’_68,85 —’—4795 - - 4 121 0,76 43
50,72 | 6,26 | 11,02 | 13,06
11 | C;4H»CIN;O,S _’_50 08 _’_6 11 _’_]0 75 _’_12 74 8 120 0,80 52
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R2 Ph-piperazine-1-yl (4); thiomorpholin-1-yl (5)

Scheme 2

The products of N,O-dibenzoylation of B-aminopropioamidoximes (6-8)
have not been synthesized before. Obviously, the probable subsequent intra-
molecular splitting off of the water molecule involving protons of the a-methy-
lene group and the carbonyl oxygen atom of the ester group could lead to iso-
xazoles.

IR spectral characteristics of compounds 6-8: the band of valence bond
vibration vc—o is in the range of 1686—1731 cm’'; the stretching vibrations of the
ve—n bonds are manifested in the region of 1638-1686 cm'l; the valence bond
vibration bands vc-c are present in the region of 1584-1620 cm'l; in the region
1264-1293 c¢m’ there are bands of stretching vibrations of the bonds vc.o; the
stretching vibrations of the vnu).n ammonium bonds — in the region of 2464-
2835 cm™ (table 2).

Table 2 — Infrared spectra of the products of acylation
of B-aminopropioamidoximes (6—11) by two equivalents of benzoyl chloride in pyridine

Com- Valence vibrations of bonds, v, cm-1

pound |y Vc-o Ve=c | Vesps-n Vespa-H Vc-o VNe-H (VNH)
6 | 1641 | 1727 | 1600 | 2958 3202-3375 1267 | 2562-2700 (3376)
7 | 1638 | 1731 | 1620 | 2930 3200-3375 1264 | 2464-2700 (3375)
8 | 1650 | 1730 | 1601 | 3063 3250-3416 1246 | 2500-2680 (3429)
9 | 1644 - 1600 | 2846 3116—3220 - (3300; 3415)
10 - 1675 | 1600 — 30673235, 3414 | 1289 3414 (Vo_py)
11 | 1640 | 1714 | 1611 | 2907 - 1268 | » (53321265; 83228286)40
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In '"H NMR spectra of N,0-dibenzoylation products 6-8, in contrast to the
literature data [1], the a-CH, group signal is retained, which has a triplet structure
from the spin-spin interaction with the -CH, group (table 3). Signals of a- and B-
methylene groups are in the regions & 2,73-3,50 ppm. and & 3,10-4,85 ppm,
respectively.

The intensity of multiplet signals of aromatic protons in the range of & 7—
8 ppm indicates the presence in the molecules of compounds 6, 7 ten Cy,H
protons, and in the molecule of compound 8 — fifteen Cgy,H protons.

In addition, in the area of & 6,85—7,50 ppm in the spectra of '"H NMR com-
pounds 68 there is a signal of ammonium protons of the N(+)H,CO¢Hs group,
and in the range of 6 10,55-12,90 ppm — the signal of the ammonium N(+)H
proton coordinated on the nitrogen atom of the B-amino group.

Table 3 — "H and '*C NMR spectra of compounds 6-11, solutions in DMSO-d, 8, ppm*

Com- . .
pound Chemical shifts, 3, ppm (J, Hz)
1,39; 1,68; 1,79 [6H, m, -N(CH,),(CH,):]; 2,74 (2H, t, | 21,82; 22,72; 22,83; 25,87,
6 J=6,0, 0—CHy); 2,90 [4H, m, —-N(+)(CH,),(CHy)s]; 52,44; 53,11; 129,01,
3,30 (2H, t, J = 6,0; p-CH,); 6,87 [2H, s, N(+)H,]; 129,71; 129,83; 129,88;
7,51;7,65; 8,11 (10H, m, C4Hs); 10,74 [1H, s, N(HH] | 133,49; 156,80; 163,88
2,76 (2H, t, J=17,0, a~CH,); 3,15 [4H, m, ﬁ ’igf gg’?gf éé’ggf 2;’325
7 | NCH)(CH)0L: 3,67 QH. 1./ =7.0. p-CHy: 394 | 35 bl Sn St

[4H, m, -N(+)(CH,)»(CH,),0]; 6,85 [2H, s, N(+)H,];

7,49—8.12 (10H, m, C¢Hs); 11,65 [1H, s, N(H)H] 129,88, 133,48, 156,61;

163,86; 169,02; 169,10

26,35; 43,00, 123,73; 124,61;
3,40 2H, t,J=17,0, a—CH,); 4,74 (2H, t, J = 7,0, p—CH.,); | 124,79; 128,25; 129,00;

8 7,48; 7,51; 7,60; 7,65; 7,94; 7,96; 8,04; 8,06; 129,71; 130,01; 131,27,
9,00 [17H, m, Cgp, yy and N(+)H,]; 12,95 [1H, s, N(+)H] | 133,27; 133,79; 143,54;
167,75; 168,57; 175,57

3,19 (2H, t, J = 6,0, B—CH,); 3,44 [2H, m, half-width 31,57, 44,57; 61,42; 62,91,
12,5 mm, PhN(CH,), (axial)]; 3,56 [4H, m, N(+)(CH,),]; | 116,32; 120,38; 129,58;

9 3,78 [2H, m, half-width 11 mm, PhN(CH,),, 149,94; 169,11

(equatorial)]; 3,98 (2H, t, J = 6,0, a—CH,); 6,86;
7,02; 7,27 (5H, m, C¢Hs); 7,53 (2H, s, NH,)

129,02; 129,72; 131,24;

10 |7.50;7.,63; 7,95 (5H, m, CgHs); 12,95 (1H, s, COOH) 13331, 16776

2,76 (2H, t, J = 7,0, 0-CH,); 3,39 (2H, t, J = 7,0, B-CH.,); | 24,25; 25.,61; 53,43; 53,68;
3,35 (4H, m, S(CH,),J; 3,70 [4H, m, N(+)(CH,),]; 129,00; 129,83; 133,48;
6,86 (2H, s, NH,); 7,51; 7,64; 8,12 (SH, m, CgHs); 148,56; 156,67; 163,88
11,37 [1H, s, N(HH]

11

*The assignment of the multiplet signals of the protons of the methylene groups of
the thiomorpholine heterocycle, having the intensity of two protons which adjacent to the
N(+)(CH,); nitrogen atom of compound 9, to equatorial and axial is made on the basis of a
half-width comparison of the signal. The half-width of the axial signals of the protons is greater
than the half-width of the equatorial signals.
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In the >C NMR spectra of compounds 6-8, the carbon signals of the C=N
functional groups are found at & 156,80 (6); 156,61 (7); 168,57 (8), respectively,
and C=0 at 163,88 (6), 163,86 (7), 175,57 (8), respectively.

The formation of 2-amino-1-aza-7-phenylaminospiro(4.5)decane-2-ene-10-
ammonium chloride monohydrate (9) can be represented as the initial formation
of O-benzoyl-B-aminopropioamidoxime hydrochloride (A), its dehydration to
1,2,4-oxadiazole (B) and the subsequent proton transfer and nucleophilic attack
steps, also involving hydrolysis with the formation of spirocompound 9 and
benzoic acid (10) (scheme 3).

NOH H N—O -H,0
% CeHsCOCI Y \ 2 /
/N C — > /\ / C CCgH > / \
N AV 65
PhN\_/N NH, PhN\_/l:rl \NH2 O// CsHs
4 cr A o g
/ 2 |
)\C H N.__CeHs +H20 NH;
oHs o (, J T + ) + CgHsCOOH
N N— 0 NN
/—/_l o [ i 10
PhNJ PhN 9
Scheme 3

Such course of the acylation reaction under severe conditions — when the
reagents are heated at the boiling point of the polar solvent of pyridine is possible.

Formation of analogous structures under milder conditions — at room tempe-
rature in ethanol in the preparation of 5-substituted phenyl-3-[(B-thiomorpholin-1-
yl)ethyl]-1,2,4-oxadiazoles hydrochlorides and recrystallization from isopropanol
of 5-substituted phenyl-3-[B-(4-phenylpiperazin-1-yl)ethyl]-1,2,4-oxadiazoles was
detected by us earlier [7, 8].

In the IR spectrum of the chloride hydrate of the spiropyrazolinium com-
pound 9, there are bands of characteristic valence vibrations of the bonds vc-y and
Vec at 1644 and 1600 cm™, respectively. In the '"H NMR spectrum of the spiro-
pyrazolinium compound 9, the triplet signals of a-CH, and B-CH, groups with an
intensity of two protons are at ¢ 3,19 and 3,98 ppm; the signal of the amino group
of pyrazolinium ring with an intensity of two protons is present at 6 7,53 ppm.

The carbon atom signal of the C=N bond of the compound 9 in the °C NMR
spectrum is observed at & 169,11 ppm. Benzoic acid 10 was isolated during the
treatment of the reaction mixture described in the experimental part. Its physico-
chemical and spectral characteristics correspond to tabular data.

B-(Thiomorpholin-1-yl)propioamidoxime (5) reacts with two equivalents of
benzoyl chloride in boiling pyridine with a regiospecific formation of the mono-
acylation product at the oxygen atom of the amidoxime group, O-benzoyl-B-
(thiomorpholin-1-yl)propioamidoxime hydrochloride (11). Compound 11 obtai-
ned by monoacylation of B-(thiomorpholin-1-yl)propioamidoxime (5) at room
temperature in chloroform was described by us earlier [9].
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Conclusion. Thus, the interaction of B-aminopropioamidoximes with a
double excess of benzoyl chloride in boiling pyridine instead of the expected
isoxazoles yielded a set of acylation products: N,O-diacylated B-aminopropio-
amidoxime dihydrochlorides, spiropyrazolinium compound hydrochloride, and
O-acylation hydrochloride. The ambiguous direction of the reaction was ob-
viously connected with the electronic influence of the p-aminoheterocyclic
substituent and the possibility of thermodynamically light rearrangements of the
initially formed products [10].

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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Pe3iome

JI. A. Karoxosa, K. J]. Ilpanues, I'. T. [ltocembaesa,
K. Axaman, E. lllaimapoan, C.K. Kabopaxmarnosa

B-AMUHOITPOITIOAMUIOKCUM/IEPI TTMPUIMH/IE
APTBIK BEH30MJIMPJIEY KE3IHJE 1,3,5-OPBIHBACKAH
M30KCA3OJIJIAP/IbI CUHTE3/IEY

B-AMUHOTIPONHMOAMHIOKCUMJICP/IiH IIIAMaIaH ThIC alleIUpPIICHYi (B-aMHHOTON: MuTIe-
punus-1, Mopdonuu-1, 6ensumunazon-1, 4-gpenunnunepasus-1, tnomopdonun-1) epir-
KIIITIH KaifHAy HYKTeciHae 4—8 caFaT ilIiHae TUPUINHHIH OCH30MIT XJIOPUIIHIH KOC TOTHI-
FBIMEH KOOCIOIMEH JKy3ere achlpbuLabl. [Innepuaus, MopdosnH xoHe 6e3uMHUIa3011 aMu-
nmokcuMi xarmaiterana N, O-aubeH30mI-f-aMIHOMPOITHOAMHIIOKCHM TUXHIPOXIOPHATEP]
epeKIe eHiM OO TaOBUTAAbI; THICIHIE, XJIOPUATI TUAPAT CIUPOIHPA3OIINH KOCHUIHI-
CBIHBIH JKoHE O€H30# KBIIKBUTEI koHE O-0eH30mi-B-(THoMopdonnH-1-wmm)mponnoaMu-
JOKCHM THAPOXIIOpUATEpiHe cyOcTpaTTap perinae P-(4-peHmnmunupasnH- 1-wmr)npomnuo-
AMHJIOKCHM XoHE [-(TrnoMopdonmH-1 -mi)nmponrnoaMuI0KCHMIEP TalaaTaHbLTaIb.

Tyiiin ce3mep: B-AMHHONPONHOAMUIOKCHUMICP, MHPHIUHHIH apThIK AlMIISIHACHI,
6ensoiin xtopuai, UK-crekrpockorms, 'H i °C SIMP crieKTpOCKOMHSICHL.

Pe3zrome

JI. A. Karoxosa, K. J]. Ilpanues, I'. T. [ltocembaesa,
K. Axaman, E. laiimapoan, C.K. Kabopaxmarnosa

CHHTES3 1,3,5-3AMEIIEHHBIX N30KCA30JIOB ITPU N35BITOYHOM
BEH30UMJIMPOBAHUWU B-AMWHOITPOITMOAMUJIOKCUMOB B ITUPUJVHE

W36bITOUHOE alMIMpoBaHue B-aMHHONMPONMOAMHIOKCUMOB ([3-aMUHOTpYyIINa: MuIe-
puauH-1-ui, Mmopdonun-1-un, 6enzumuaszon-1-un, 4-¢pennnnunepasns-1-mi, Tuomopdo-
JIMH- 1 -1T) IPOBEACHO MPHU JBYKPATHOM HU30OBITKE OSH30WIXJIOPHIA B TUPUIUHE MIPH TEM-
nepaType KHUIIEHUS] PacTBOpUTENsl B TeueHHe 4—8 4. BrlieneHHBIMU MPOIyKTaMH SIBIISI-
torest quruapoxyiopuasl N,O-1u0eH301I-B-aMHHOITPOIIMOAMHUIOKCUMOB B CITydae IHIIe-
PUIMHOBOTO, MOP(OIMHOBOTO M OE3MMHU1a30JIbHOTO aMHUAOKCHMA; THIAPAT XJIOPHUAA CIIU-
POIMPa30IMHUEBOTO COeNMHEHMsT W OeH30iHas KucioTa M ruapoxiopua O-Oenzomn-f3-
(TnomMopdonuH-1-m)IponroaMuI0OKCHMa TIpH UCTIONIb30BaHUH B KadecTBe cyOcTpaToB f3-
(4-penmnmunepasus- 1 -ua)nponuoaMuIokcuMa 1 B-(THOMOPQOITHH- | -1IT)TPOITHOaMHIOK-
CHIMa, COOTBETCTBEHHO.

KnaroueBble cioBa: [-AMHHONPONHOAMHUAOKCHMBI, W30BITOYHOE alMINPOBAHUE B
MUpHMHeE, XT0pucThiit Gersomt, MK-crnektpockonus, crekrpockorms 'H u *C SIMP.
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STUDY OF THE DISPERSING EFFECT PRODUCED
BY POLYETHER SILOXANE COPOLYMERS
IN WATER-DISPERSION SYSTEMS

Abstract. The study resulted in determining the disaggregating effect produced by
polyether siloxane copolymers in binary and ternary systems based on water-acrylic
dispersion. It exposed the regularities in characteristic changing specific for the dispersed
composition of solid-phase particle suspensions, and on this basis the polyester siloxane
copolymer costs were optimized to achieve the maximum dispersing effect. The studies
contributed to establishing the possibility of using polyether siloxane copolymers in paint
coating compositions based on acrylic polymers and titanium dioxide as the modifying
additive that produces dispersing effect.

Key words: dispersion, pigment, water-acrylic dispersion, titanium dioxide, poly-
ether siloxane copolymer, suspension, modifier.

Introduction. The solid ingredient combining process, which includes a
pigment with a liquid polymer medium, is very important in the paint coating ma-
nufacture since the product technological and paint properties depend on it, as
well as many coating performance properties. The main thing in this process is
the pigment interaction with the polymer at the interface between the solid and
liquid phases, since its intensity determines the solid particle dispersion in the
given medium and the nature of the resulting combined “solid phase-polymer”
structures that form the subsequent properties specific for real materials. This was
established in Academician P.A.Rebinder’s publications addressing the structure
formation and physicochemical mechanics of dispersed systems [1-3] and was
further developed by his school staff, A.B.Taubman and S.N.Tolstaya [4-6], who
studied pigments interacting with polymers at the phase interface for a wide range
of model and real objects. An important technological characteristic exhibited by
paint coating materials, which determine the coating structural and mechanical
properties (coverage, hardness, strength), is the disaggregation degree specific for
pigments and fillers [1].

It was found that the pigment particle dispersion, when combined with the
polymer, may both improve and worsen (which has been shown in Figure 1 sche-
matically), in addition, it depends on the chemical nature of both components.

The component combination where the solid particle dispersion in the given
polymer medium increases, i.e. the aggregates gradually disintegrate to smaller
aggregates or even to primary particles, which is shown in figure 1, a), b), ¢), is
considered appropriate. Interacting with one another through the surface-active
material interlayers, solid particles form a developed structure where, as in the
framework, a secondary structure of the oriented (and hence strengthened) poly-
mer is formed [2].
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Figure 1 — Change in the pigment dispersion upon its introduction into the polymer
medium: A — pigment particle dispersion improvement in comparison with the initial
dispersion rate due to natural aggregate peptization: a) separate chain particle formation;
b) solid spatial grid formation out of the solid phase particles; ¢) complete solid particle
stabilization. B — pigment dispersion worsening compared with the initial dispersion rate
(compact coagulation) — d)

Such combined “solid phase-polymer” structures are called coagulation
structures (according to Rebinder); during their formation the system strength
increases at the beginning, which is detected by measuring the ultimate statistical
shear stress which magnitude is as greater as stronger the solid particle aggregates
are peptized in the given medium [7]. Then, after the peptized particles achieve
complete stabilization, the strength decreases. Such structures are usually thixo-
tropic, i.e. they are able to recover their physical and mechanical, as well as
rheological properties naturally when destructed [3].

Such combined “solid phase-polymer” structures are called coagulation
structures (according to Rebinder); during their formation the system strength
increases at the beginning, which is detected by measuring the ultimate statistical
shear stress which magnitude is as greater as stronger the solid particle aggregates
are peptized in the given medium [7]. Then, after the peptized particles achieve
complete stabilization, the strength decreases. Such structures are usually thixo-
tropic, i.e. they are able to recover their physical and mechanical, as well as
rheological properties naturally when destructed [3].

For the overwhelming majority of paint coating materials, when combining a
pigment with polymer solutions, it is necessary to form coagulation-type struc-
tures, since in this case it is possible to obtain materials and coatings based on
them having the necessary properties.

However, in many cases the pigment particle peptization process does not
occur naturally, on the contrary, formation of larger aggregates can be observed in
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comparison with the initial particles, i.e. there is a dispersed phase coagulation
process in the given medium, as shown in Fig. 1 b, d. The first process occurs
under the liquophilicity of the solid phase particle surface against the liquid me-
dium, and the second one occurs under its liophobicity. For example, hydrophobic
graphite is well combined with vegetable oils or non-polar rubbers and disperses
well in them, whereas hydrophilic inorganic pigments (ZnO, TiO,, Fe,0;, SiO,)
poorly combine with such hydrocarbon media, which can lead to compact solid
phase particle coagulation [3]. In systems with weak and medium interaction, the
process where the pigment and the filler combine with the polymer must be inten-
sified. Using surface-active substances (SAS), fine regulators of interface inter-
actions and finished material properties proves to be the most effective method.

The SAS effect is based on forming the surface pigment and filler of the
adsorption layer, whose properties, in turn, are determined due to the forming its
inner and outer parts. The inner adsorption layer part is formed resulting from the
polar SAS group interaction with active surface centers, which promotes pepti-
zing the aggregated pigment and filler particles and the formation of coagulation
structure elements. The adsorption layer outer part is formed when hydrocarbon
SAS molecule radicals are oriented to the polymer medium, increasing the liquo-
philicity of the pigment particle surface that is combined with it [2].

Polar hydrophilic pigments introduction into non-polar hydrocarbon media,
provides for using modifiers with long hydrocarbon chains (hydrophobisators),
for example saturated carboxylic acids, amines or their salts, as well as quaternary
ammonium salts and other compounds. When it comes to polar dispersion media,
SAS whose molecules contain polar groups in the hydrocarbon radical that are
lyophilic with respect to the polymer dispersion medium (i.e., various bifunctional
compounds) are used as pigment surface modifiers [2]. This is applicable to all
paint coating material types containing polymer solutions as a binder in organic
solvents (or in water for water-soluble polymers), water-dispersed binders. Deve-
loped and used in recent years polymeric SAS can be even more effective than
their low molecular weight analogues due to their high affinity for the polymer
medium.

However, the SAS action in paint coating systems is subject to certain
physicochemical laws that must be observed for their effective application. An
important role in this is played by the polar SAS group nature and the hydrocar-
bon radical structure specific for their molecules, as well as the polymer chemical
nature and the presence of polar functional groups in its molecules. In the paint
coating material suspensions, the development of aggregation and disaggregation
processes depends both on the surface properties shown by the solid-phase partic-
les and on the quantitative-qualitative composition of the film-forming agents,
solvents and surface-active additives. In this connection, it seemed reasonable to
evaluate the dispersing effect performance with respect to the polyether siloxane
copolymer against the titanium dioxide in the aqueous dispersion of acrylic
polymers.
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EXPERIMENTAL PART

The study included acrylic lacquer as a film-forming agent (TS 2316-014-
88753220-2006), water as a solvent and titanium dioxide (P-02) as a pigment.
Surface-active additives were used by the brand “Glide 100” (polyether siloxane
copolymer).

The quantitative solvent and pigment contents with respect to the suspension
weight were set constant at 10% and 1%, respectively, and the modifier consump-
tion varied from 0 to 4 g/dm’ (by pigment weight). The paint coating material
suspensions were prepared at a temperature of 21 °C in a sealed reactor (0.2 dm’
in volume with a filling factor of 0.60) equipped with a stirring device (impeller
agitator with a speed of 300 min™). The film-forming agent was preliminarily
diluted with water, and then a Glide 100 SAS and titanium dioxide were intro-
duced in predetermined amounts with constant stirring. After 10 minutes, a sam-
ple was taken with a pneumodosimeter (a drop volume of 0.02 ml). The samples
were kept (between the slide and cover glass) under a static load (P = 30 g/cm?)
for 5 minutes and subjected to a continuous (along the paint coating material film
perimeter) computer-micro-optical scanning [8, 9]. The following quantitative
characteristics were determined based on the suspension microanalysis results: the
fractional composition (P,%) and the average diameter (d, um).

RESULTS AND DISCUSSION

Typical titanium dioxide dispersion microimages in water (a) and in the film-
forming aqueous solution (b), as well as the corresponding diagrams reflecting the
solid-phase particle distribution by the size classes are shown in the figures 1, 2.

Differential curves indicate that the fine fraction content in the solvent
(44 pm in size) does not exceed 52%. When an acrylic polymer is introduced
into water, large aggregates (140 um) are partially destroyed, which is followed

a b

Figure 1 — Titanium dioxide dispersion microimages at different film-forming agent content.
Ci, %:a—-0;b—10
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Figure 2 — Differential curves for the particle size distribution
of the solid-phase particle fraction in water

by a fine fraction increase to 67%. This process results from the generated
disjoining pressure due to the film-forming agent diffusion along the separate
particle boundaries; at this stage, the first particles to disaggregate are those
bound by point contact mainly and only then those bound by stronger linear and
planar contacts [10].

SAS polyether siloxane copolymer introduced into the compositions opens
additional possibilities for a purposeful change in the dispersed composition. The
depth and direction determined for these changes are shown in figure 3.

In the water-SAS system, the maximum disaggregating effect produced by
the modifier was registered when its content stood at 1.0 g/dm’ (figure 3, curve 1),
while the average diameter limit was 4.5 um. Beyond this concentration section
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Figure 3 — Changes in the average fine fraction diameter (a) and content (b) depending
on the polyether siloxane copolymer concentration
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(Csas > g/dm’), a secondary aggregation process can be observed, accompanied
by an increase in diameter from 4.5 to 12.5 pm and a corresponding reduction in
the fine fraction content from 91 to 31%.

Similar patterns in the dispersed composition changes under the influence
produced by the polyether siloxane copolymer were also noted in the “film-for-
ming agent-SAS” system: the disaggregating effect in the low concentration
region and the flocculation process development with its further concentration. In
the first place, we should note the intensity in the film-forming solution (figure 3,
curve 2), where the secondary aggregation process is less pronounced than in the
water, and secondly, the maximal disaggregating effect is shifted to the lower
concentration region (Csas < 0.5 g/dm’).

Conclusion. Comparatively analyzed dispersing effect produced by the
modifier under study in binary and ternary systems showed a deeper dispersion in
water, which is due to the deficient competition from the side of the film-forming
agent macromolecules.

The performed studies let us establish the possibility of using polyether silo-
xane copolymers in paint coating compositions based on aqueous dispersion of
acrylic polymers and titanium dioxide as the modifying additive that produces
dispersing effect. The appropriate SAS concentration is its composition content at
0.25 g/dm’.
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Pe3ome
A. H. Jliopseuna, A. A. Jlyyenko

UCCIIEJOBAHUE ANCIIEPTUPYIOIIET'O D®DPEKTA
IMMOJIN3PUPCUIIOKCAHOBOI'O COITIOJIMMEPA
B BOJJHO-ANCITIEPCMOHHBIX CUCTEMAX

[TpuBeneHsl pe3ynbTaThl IKCMEPUMEHTAIBHBIX HCCIIEIOBAHUHA 3aKOHOMEPHOCTEH
Pa3BUTHUS MPOLIECCOB Je3arperanuy AMOKCHAa TUTaHa B BOJHOHN JAMCIEPCHOHHON Cpesie B
MPUCYTCTBUH TOMMI(PHPCUIOKCAHOBOTO cononumepa. C MOMOIIBIO HPHIOKCHUS KOM-
MBIOTEPHO-MHKPOOITHYECKOTO METOIa K aHAIN3y MCCIEIYSMBIX CYCIICH3UH B aBTOMATH-
YEeCKOM pEeXHMe OblIa YCTaHOBJICHA 3aKOHOMEPHOCTH PA3BHTHS IPOLECCOB arperanuu
TBepAO(a3HbIX MUTMEHTOB W KOJMYECTBEHHBIE XapaKTEPUCTHKU HX pacIpeAeIeHUs Mo
(bpakuusMm.

KaioueBbie ciioBa: aucrnepripoBaHue, MUIMEHT, BOJHO-aKPUIIOBas TUCHIEPCHS, M-
OKCHUJI THUTaHa, MOJMI(PUPCUIOKCAHOBBIH COMOIMMED, CyCHEeH3Us, Mo(UKaTOp.

Pesome
A. H. Tiopseuna, A. A. Jhyenxo

MMOJIN2PUPCHUIIOKCAH COITOJIMMEPIHIH KATBICYBIMEH
TUTAH JUOKCUAIHIH JUCITEPCUAJIBIK YIEPICTEPIH
3EPTTEY

Ocbl KyMbICTa MOAUIPUPCUIOKCAH COTIOIUMEPIHIH KATBICYBIMEH CY-AMCIIEPCHUSIIBIK
opTajza THTAaH TUOKCHIIH Je3arparaiisiiay yAepiCTEepiHiH AaMy 3aHIbLIBIKTAPbIH JKCIIe-
PUMEHTANBIK 3EPTTEYIiH HOTIKeNepl KenTipiuiai. 3epTTeNeTiH cycrneH3usIapibl aBTo-
MAaTThl TOPTINTE TajayFa KaThICThl KOMIBIOTEPIIK-MUKPOOTITUKAIIBIK, S/IICTIH KOChIMINIA-
CBHIHBIH KOMETIMEH KaTThl (ha3ajiblK MUTMEHTTEP/AIH arperamus yAepicTepiH JAaMbITyAbIH
3aHHAMAJIBIFBI, OJlapAbl (pakuusuiap OoWbIHIIA OOJyAiH MeINIIEpIiK CcHIaTTaMaapbl
AHBIKTAJIJIBI.

Tyin ce3mep: aucrepcHs, NMUIMEHT, Cy-aKpHJI IHCIIEPCHACHI, THTaH JUOKCHII,
oMM (PUPCHIIOKCAH COMOIMMEPi, CyCIIeH3MUs, MOIU(PUKATOP.
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KINETICS OF ELECTRODEPOSITION OF INDIUM
ON SOLID ELECTRODES
FROM CHLORIDE SOLUTIONS

Abstract. Using the methods of cyclic voltammetry and chronoamperometry, the
electroreduction of indium on titanium, platinum and glassy carbon electrodes from per-
chlorate-containing chloride electrolytes has been studied. The quasi-reversible character
of the process under investigation for all the above electrodes are established on the basis
of the analysis of the difference in potentials of the peaks on the forward and reverse
course of the sweep and the relationship between the current of the reduction peak and the
rate of polarization. The overvoltage of indium release in the peak on Pt, GC, Ti electro-
des was 158, 111, 64 mV, respectively. The constants of the rate of charge transfer and
mass transfer of indium electrodeposition are calculated using the Delahay and Cottrell
equations. A comparative analysis of the obtained constants showed that they had large
values in the case of a titanium electrode and amounted to 1.06-10” and 4.5-10* cm/s,
respectively. The results obtained indicate the preferred use of titanium in the electro-
chemical purification of rough indium.

Key words: indium, electrodeposition, mass transfer, charge transfer, diffusion
coefficient, quasi-reversibility, rate constant.

Introduction. Electrochemical methods of deep purification of metallic
indium have great potentialities and are especially valuable with a low content of
micro-impurities. One of the main methods for obtaining high-purity indium is
electrochemical refining, the implementation of which requires a deep and de-
tailed study of the processes of discharge-ionization of indium on solid electrodes.
This research is devoted to the development of the technology of electrochemical
refining of the rough indium of Kazakhstan, which is a by-product of the lead-
zinc enterprise Kazzinc JSC [1]. Obtaining domestic high-purity indium is a pre-
requisite for the development of electronic and semiconductor industry in the
Republic of Kazakhstan.

The quality of cathodic precipitation and economic indicators in the process
of electrorefining of metals depend on the composition of the electrolyte, substra-
te nature and electrolysis conditions. A number of publications [2-5] are devoted
to the study of indium electrodeposition on various electrodes in chloride and
perchlorate electrolytes. In previous works [6, 7] we studied the electroreduction
of indium on solid electrodes in acid chloride electrolytes. As a result of these
studies, the kinetic characteristics of indium reduction on platinum and titanium
electrodes were determined and the nature of the limiting stage was established.
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In this paper, the effect of the nature of the electrode and the concentration of
the In*" salt in solution on the kinetics of indium electroreduction in perchlorate-
containing chloride electrolytes by cyclic voltammetry and chronoamperometry is
considered.

EXPERIMENTAL PART

Electroreduction of indium was investigated by the method of cyclic voltam-
metry, chronoamperometry in a thermostated three-electrode electrochemical cell,
using the potentiostat-galvanostat Autolab PGSTAT 302N. Working electrodes
were platinum and glass-carbon electrodes 0.3 cm in diameter produced by Met-
rohm, as well as a titanium electrode 0.25 cm in diameter (of brand Ti BT1-0).
The auxiliary electrode was a platinum plate with an area of 12.96 cm’, and the
reference electrode was a silver chloride electrode. All experiments were carried
out at a temperature of 25°C with an accuracy of = 0.1°C. Perchlorate-containing
chloride electrolytes of composition: 0.025; 0.05; 0.1 M In(ClOy) 3+ 2.0 M NaCl
(pH = 1.5) were prepared from 1.0 M indium perchlorate solution on the back-
ground of 2.0 M sodium chloride solution. Solution In(C10,); was obtained by the
interaction of metal indium of brand In-2 (with a 99.98% base metal content) with
60% solution of perchloric acid produced by Sigma Aldrich (99.99%). The basic
background electrolyte was a solution of sodium chloride, obtained from a triply
recrystallized chemically pure salt (99.9%). The pH values of the solutions (1.5-
1.6) were created by acidifying them with perchloric acid. Before each measu-
rement, the platinum and glassy carbon electrodes were purified in a solution of
concentrated nitric acid, and the titanium electrode was machined using a micron
skin, after which they were thoroughly washed with bidistilled water. To evaluate
the reproducibility of the results, each measurement was carried out at least three
times.

RESULTS AND DISCUSSIONS

Cyclic Voltammetry. Cyclic voltammetry is a simple and convenient method
for studying the kinetics and mechanism of oxidation-reduction processes. In the
case of reversible processes, the values of the potentials of the oxidation and
reduction peaks that characterize the nature of the electroactive substance are
independent of the sweep speed and their difference (E,x — Euq) 1S a constant
value. For irreversible processes this difference is greater than for reversible ones
and depends on the sweep speed. When studying the processes of discharge-ioni-
zation of indium, cyclic voltammograms were obtained on platinum (Pt), glassy
carbon (GC) and titanium (Ti) electrodes from perchlorate-containing chloride
solutions. Increase the sweep rate of the potential from 5 mV/s to 40 mV/s in-
duces the displacement of the indium reduction peak (E,)) in the electrolyte of
the following composition: 0.1 M In (ClOy) 5 + 2.0 M NaCl (pH = 1.5) into the
cathode region for Pt, GC and Ti electrodes at 80, 58 and 54 mV, respectively.
This is due to a slow decrease in the surface concentration of the oxidized form of
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indium (Cj,3+), leading to the maximum value of the concentration gradient of
the reagent at a more negative potential [8]. As can be seen from the cyclic vol-
tammograms of the discharge-ionization of indium at different polarization rates
of the titanium electrode (figure 1), the beginning of the reduction reaction is
shifted, which is apparently related to the features of the formation of the new
phase.
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Figure 1 — Cyclic voltammograms of indium at 25°C on a Ti electrode
in a solution of 0,1 M In(ClO,); + 2,0 M NacCl at different polarization rates

To determine the nature of the observed effect associated with the overvol-
tage of the formation of a new phase, cyclic voltammograms of indium precipi-
tation and dissolution on an indium electrode were obtained (figure 2). The absen-
ce of a delay in indium reduction on an indium electrode indicates a low value of
the overvoltage of phase formation. The irreversibility of the process of indium
reduction on an indium electrode is reflected in the stretching of the current-
voltage curves. In the absence of diffusion restrictions, the shape of the current-
voltage curve is affected only by the kinetic parameters, such as the rate constant
of charge transfer and the charge transfer coefficient. The potential difference
between the peaks in the forward and reverse sweep runs depends on the rate
constant of the electronic transition and on the sweep rate of the potential. From
the analysis of the presented cyclic polarization curves it can be concluded that at
high sweep rates the magnitude of the difference between the potentials of the
peaks becomes very large and the degree of irreversibility of electron transfer
increases. Consequently, high values of the potential difference of the reduction
and oxidation peaks are associated with limitations on the electron transport
kinetics.
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Figure 2 — Cyclic voltammograms of indium at 25°C on an indium electrode
in a solution of 0.1 M 0,1 M In(ClO,); + 2,0 M NaCl at different polarization rates

For irreversible processes, the relationship between the reduction peak
current and the sweep rate of the potential is described by P. Delahay equation
[9]. Analysis of the above experimental results showed a linear dependence of the
current density of the reduction peak of indium (i ) on the square root of the va-
lue of the potential sweep speed (/v ) (figure 3), which does not pass through the
origin of coordinate, which indicates the quasi-reversible nature of the process

under study.
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Figure 3 — Dependence of the current density of the indium recovery peak (i,,,,.)
on the Vv at 25°C on different electrodes in a solution of 0,1 M In(ClOy4); + 2,0 M NaCl

200



ISSN 1813-1107 Ne2 2018

The rate of many electrochemical reactions is very often determined by the
rate of charge transfer or mass transfer. The determination of the process regime
can be carried out by comparing the orders of the rate constants for the transport
of matter and charge. For this purpose, we determined the values of the rate
constants of charge transfer and mass transfer of reduction of indium ions in
solution on the investigated electrodes.

For irreversible processes, the limiting stage is charge transfer, whose velo-
city is determined by the rate constant (K°) and the transport coefficient (o). The
Nernst boundary conditions for an irreversible one-stage and many-electron
reaction are expressed by the following equations [10]:

i = nFk,(1)C,(0,1), (1)
where
0 F 0
k(=K expl-a - [E()-E°]}. 2)

Proceeding from these expressions (1), (2), the peak potential and current
density (3) for irreversible reactions can be represented as follows [10]:

l.” — (2,99-105)0!1/271C0 'Dé/201/2; (3)
. RT D}'* anFv

E —E" 0,780 + In(—=2—) + In(——>)""?]; 4

" anF[ ( k° )+ 1n( RT ] @

i =0,227-nFCyk" exp[—(%)'(E” ~E")], )

where E, - is the peak potential (B), E’ - is the formal electrode potential (B), i, -
is the cathode current density of the peak (A), k° - is the rate constant of the
charge transfer stage (cm/s), a - is the transfer coefficient, D, - is the diffusion

coefficient (cm?/c), Cg - is the concentration of ions in the volume of the solution

(mol/cm?), C, - is the ion concentration in the near-electrode region (mol/cms),
v - is the potential sweep rate (V/s).

As can be seen from equation (4), the reduction peak potential depends on
the sweep speed. After logarithm of equation (5) we obtain the following
expression [11,12]:
ankF

RT
From cyclic voltammograms for the investigated electrodes, varying the rate
of the potential sweep and the concentration of indium ions in the solution, a

Ini =1In(0,227nFCok")~ (=) -(E —E"). (6)

dependence In i on(E -FE 0') (figure 4) was obtained, which made it possible

to calculate the rate constants of charge transfer during the reduction of indium
(table 1).
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Figure 4 — Dependence of the logarithm of the current density of the cathode indium- /n(i,,,)
on E,,. — E’ at 25°C at different electrodes in a solution of 0,1 M In(Cl10y4); + 2,0 M NaCl

Table 1 — The rate constants of charge transfer during the reduction of indium in 2 mol/L NaCl

Cl s, K’ -10™ cm/s

mol/l Pt GC Ti

0,025 3,1 4,1 4.4
0,050 42 6,3 6,9
0,100 6.9 7,7 11,6

As can be seen from Table 1, the charge transfer rate constant for indium
deposition on a titanium electrode in a 0.1 mol/l indium salt solution is much
higher than that for platinum and glassy carbon electrodes. This indicates a
greater degree of reversibility of the process on the titanium electrode.

Figure 5 shows cyclic voltammograms of discharge-ionization of indium on
electrodes of various nature. The obtained experimental data indicate that the dif-
ference in potentials of the cathode and anode indium peaks is 252, 235 and 154 mV
for solutions with an indium salt concentration of 0.1 mol/l for Pt, GC and Ti
electrodes, respectively. For reversible three-electrode processes, it should not
exceed 19.7 mV. The maximum shift to the anode region is observed for the
titanium electrode, which also indicates a greater degree of reversibility of the
reduction of indium on this electrode.

Overvoltage of the cathodic deposition of indium depends on the nature of
the electrode. From the cyclic voltammograms of the discharge-ionization of in-
dium (figure 5), the values of the overvoltage of indium release in the peak at Pt,
GC and Ti electrodes, which amounted to 158, 111, 64 mV, respectively, were
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Figure 5 — Cyclic voltammograms of indium at 25°C at various electrodes
in a solution of 0,1 M In(ClO,); + 2,0 M NaCl at a polarization rate of 5 mV/s

determined. This indicates a small value of the energy barrier of the cathodic
reaction on the titanium electrode. The results obtained can be related to the
values of the electron work function for various metals: 5.12-5.93 ¢V Pt; 5.0 eV
GC; 4.33 eV Ti [13]. However, this is only one of the characteristics of the elec-
trode material, which affects the electrode processes. It is necessary to take into
account the peculiarities of the structure of the double electric layer and the
processes of specific adsorption.

The displacement of the potential of the indium reduction peak in the anode
region depends on the concentration of indium ions in the solution (figure 6). An
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Figure 6 — Cyclic voltammograms of indium at 25°C C on a Ti electrode
in a 2.0 M NaCl solution with a different content of In(ClOy);, at a polarization rate of 5 mV/s
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increase in the concentration of indium from 0.025 to 0.1 M at a potential sweep
rate of 5 mV/s causes a shift in the potential of the reduction peak of indium ions
on Pt, GC and Ti electrodes by 15, 11, 48 mV, respectively. The use of electro-
lytes with a high concentration of the potential-determining ion leads to an in-
crease in the potential difference between the reduction of indium and electro-
negative impurities and favors the purification of the base metal from them. Also,
the use of titanium as a cathode in the refining of indium will permit electrolysis
at relatively high current densities with a high current yield of metal.

Chronoamperometry. Chronoamperometry makes it possible to find the
kinetic parameters of the mass transfer stage, such as the effective mass transfer
constant and the diffusion coefficient of the potential-determining ion [14]. To
determine diffusion coefficients and mass transfer constants, we obtained
chronoamperograms of reduction of indium ions on Pt, GC, and Ti electrodes
from perchlorate-containing chloride electrolytes by varying the concentration of
indium salt (figure 7).
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Figure 7 — Chronoamperograms of electrodeposition of indium at 25°C at various electrodes
in a solution of ,1 M In(ClO4); +2,0 M NaCl at E=-0.9 V

For the completeness of the reaction during chronoamperometric measure-
ments, it is necessary to supply an electrode with a sufficient jump in potential,
which ensures a zero value of the concentration of the oxidized form of the
substance on its surface. In our case, it is -0.9 V. In this case, the Cotrell equation,
which expresses the dependence of the current density on time for nonstationary
diffusion [8, 15], is applicable.

The diffusion coefficient of the electroactive substance is found from the
slope of the straight line i(t)=f{r"”). Table 2 presents the results of an analysis of
chronoamperograms of indium reduction on the investigated electrodes from
chloride electrolytes containing various concentrations of indium perchlorate.
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Table 2 — Values of diffusion coefficients of indium ions in 2 mol / 1 NaCl solution

Crpsts D3+ 107 cm/s

mol/L Pt GC Ti
0.025 2.4 1.7 3.2
0.050 1.3 1.6 32
0.100 0.6 0.6 0.3

The diffusion coefficient is determined by the properties of the medium and
by the type of diffusing particles. The absence of significant differences in the
values of the indium diffusion coefficients during its reduction at various
electrodes indicates the validity of the application of the Cotrell equation.

From the equation of the limiting diffusion current for nonstationary diffu-
sion, the effective mass-transfer rate constant for three electrodes was calculated
(table 3).

Table 3 — The values of the rate constants of mass transfer during electroreduction of indium

Electrode Pt GC Ti
Cjps+, mol/L mep, -10™ cm/s mep, <10 cm/s meg, 10 em/s
0.025 2.4 3.1 3.6
0.050 2.9 3.3 3.9
0.100 3.7 3.5 4.5

Comparison of the values of the constants of the transport of matter and
charge testifies to the quasi-reversibility of the system under study. The constant
of the mass transfer rate of indium at reduction on a titanium electrode is higher
than that of platinum and glassy carbon electrodes, which indicates an accelerated
transfer of matter on this electrode and explains the large limiting currents when
indium is reduced on the surface of titanium. From the values obtained for the
mass transfer constants of indium ions when it is discharged on substrates of
various nature, it is clear that the use of titanium in indium refining is preferable.

Conclusion. Based on cyclic voltammograms, the difference in the potentials
of the oxidation peak and indium reduction on platinum, glassy carbon and
titanium electrodes, as well as a comparative analysis of the calculated charge
transport and mass transfer constants, is established that the discharge of indium
ions proceeds quasi-reversibly. The greatest degree of reversibility is observed for
a titanium electrode.

The values of the overvoltage of indium emission in the peak, at Pt, GC, Ti
electrodes can be arranged in descending order as follows: 158, 111, 64 mV.
Small overvoltages and the maximum value of the limiting current of indium
deposition on a titanium electrode is the rationale for its choice in the refining of
indium. With an increase in the InCl; concentration, the overvoltage of indium
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reduction on the titanium electrode decreases, which leads to an increase in the
difference in the deposition potential between the parent metal and electrone-
gative impurities, which will improve the purity of the cathodic precipitates.

The values of the rate constant of charge transfer and mass transfer, found
from cyclic voltammograms and chronoamperograms, in the process of indium
reduction on a titanium electrode at 0.1 mol/L concentration of the potential-
determining ion were 1.2-107 and 4.5-10™ cm/s, respectively. The values of the
above constants on Pt and GC cathodes are somewhat lower, so the use the
titanium cathode will make it possible to purify indium at high current densities
with a high current output.

The work was carried out in the framework of project No. 1580 / GF4 by the
support of the Ministry of Education and Science of the Republic of Kazakhstan.
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Pe3rome

X. Aeuykup, b. /I. Bypxumbaesa, A. M. Apeumbaesa, I'. C. Paxvimbail

XJIOPUATI EPITIHAIEPIEH KATTBI SJIEKTPOZI BETIHJIE
NMHAWUWAIH BOJIIHY KNHETUKACBI

Kypambiaga nepxiopaTsl Oap XJIOPHATI €pITIHAUICPACH HMHAMNAIH SIEeKTPTOTHIK-
CBI3ZIAHYBIH IUKIIIH BOJIBTAMIIEPOMETPHS JKOHE XPOHOAMIIEPOMETPHS 9iCTEpIMEH TH-
TaH, IUTaTHHA K9HE IIBIHBIKOMIPTEKTI AJIEKTpoATapAa 3epTreii. Typa skoHe Kepi skoijia-
FbI IOTCHIMA TUKTEPiHIH afbIPMAIIBUIBIFBL, TTOJSIPH3ALHsl )KbUTIAMIBIFBI MEH TOTBIKCHI3-
JTaHy THKi TOFBIMEH apachIHAAFsl OalIaHbIC apKBUTBI 3€PTTEIIN KaTKaH IMPOIECCTIH JKOFa-
PBIOAFBI DIEKTpOATapAa KBa3UKaUTHIMIB! ekeHi aHbIKTanael. Pt, IIIK xone Ti smekponra-
peIHOa WHOMAOIH OemiHy mwHKi aca kepHeyi 158, 111 skoHe 64 MB ekeHi aHBIKTaIIHL
Henaxeii sxone KotTpen TeHmeyepi apKbUIbl HHAXNAMIH JICKTP TOTHI HATHICHHIA OOTiHYIH
3apsaa TachIMalJiay XbUIAAMABIK KOHCTAHTAaCbhl MEH MacCa TacCbhbIMaJay XbUIAAMABIK
KOHCTAHTAaChI eCGHTeHlIi. AHBIKTaJ'[FaH KOHCTaHTaJIapJbIH CaJIbICTBIpMaJIbl aHaJ'II/I?;i HOTHU-
JKeCiHIe THTaH SIEKTPO/BIH/A KOFapsl MoHAep Oaiikamasr: 1,06-107 u 4,5-10™ em/c coii-
KeciHIe. AJIBIHFAH HOTHOKENEP KapanallThl MHAWHIH 2IeKTPOXUMUSUIBIK Ta3ajiay Ke3iHe
TUTaH/Ibl KOJIAHYBIH YTHIM/IbI €KEHIHE KO3 MKETKi3/Il.

Tyiin ce3mep: WHAMI, ICKTPOATAY, MAcCaIBIK TpaHCcdep, 3apsaaTel oepy, auddy-
3151 KOO PHUIIUEHTI, KBa3U-PEBEPCUBTIIIK, KBUIAAMABIK KOHCTAHTACHI.

Pe3lome
X. Asuyxup, b. JI. Bypxumobaesa, A. M. Apeumbaesa, I'. C. Paxvimbail

KWMHETUKA 3JIEKTPOOCAXJIEHW A MHAW S
HA TBEPIBIX DJIEKTPOAAX U3 XJIOPMAHBIX PACTBOPOB

MeTogaMu IUKIAYECKONH BOJIETAMIICPOMETPHUH M XPOHOAMIICPOMETPHUU HCCIIEIO-
BaHO 3JICKTPOBOCCTAHOBIICHHE WH/WS HAa THTAHOBOM, IDIATHHOBOM M CTEKJIOYTICPOTHOM
ANEKTPOJAaX B MEPXIOPATCOMSPIKAIMNX XIOPUIHBIX SJICKTPOIUTAX. YCTAaHOBJICH KBa3H-
00paTUMBI XapaKTep HCCIEAYEeMOro IpoIiecca sl BCeX BBIIICYKa3aHHBIX AIEKTPOAOB Ha
OCHOBAHMW aHAlM3a PAa3HOCTH TIOTCHIIMAIIOB NHMKOB Ha MPSIMOM M OOpaTHOM XOZe
pa3BEepTKH M B3aUMOCBSI3M TOKA IMKA BOCCTAHOBJICHHUS OT CKOPOCTH ToJistpu3saruu. [lepe-
HanpspkeHue BbieneHus naaus B uke Ha Pt, CY u Ti anextpogax coctaBuio 158, 111 u
64 MB, cooTBeTcTBeHHO. PaccunMTaHbl KOHCTaHTBI CKOPOCTH TEpeHoca 3apsija U Macco-
nepeHoca JJIEKTPOOCAKACHUSI UHAMS C UCIOJb30BaHWEM ypaBHeHul [lemaxes u Kot-
Tpena. CpaBHUTEIBHBIN aHATU3 MOJNyYCHHBIX KOHCTAHT MOKa3aJl, YTO OHH MMEIH OOJIb-
IIME 3HAYEHUS! B CIIy4ae TUTAHOBOTO JJIEKTPOAA U COCTABHIU 1,O6~10’3 u 4,5-10'4 cMm/c,
COOTBETCTBCHHO. [loJTydeHHBIC pe3yJIbTaThl CBHICTEIBCTBYIOT O MPEIIOYTUTSIEHOM HC-
MTOJTE30BaHUY THTAHA MIPH IEKTPOXUMUIECCKON OUUCTKE YSPHOBOTO HH/IVISL.

KaroueBble caoBa: WHIWHA, JICKTPOOCAKIACHUE, MACCOIEPEHOC, MEPEHOC 3apsia,
KO3 PuIHeHT TudPy3un, KBa3HoOPaTUMOCTh, KOHCTAHTAa CKOPOCTH.

207



XUMWYECKHH )KYPHAJI KA3AXCTAHA

UDC 544.6; 669.2/.8; 669.85/.86

G. S. BEISENOVA, B. D. BURKITBAYEVA,
A. M. ARGIMBAYEVA, G. S. RAKHIMBAY, N. N. ESALY

Al-Farabi Kazakh National University, Almaty, Republik of Kazakhstan.
E-mail: Beisenova.gumi@gmail.com

THE EFFECT OF TEMPERATURE ON THE DEGREE
OF PURITY OF INDIUM AT ITS ELECTROREFINING

Abstract. The object of the study was rough indium produced in Kazakhstan. To
optimize the conditions for its electrorefining, the effect of temperature on the electro-
deposition of indium on a titanium electrode in chloride electrolytes was studied in this
paper.From the calculated values of the activation energy of the studied process, it was
established that the electroreduction of indium on titanium occurs in a mixed mode
(Ea = 35.7 kJ/mol). The optimum temperature regime of the process 30-40°C was found,
which promotes the formation of qualitative cathode sediments and an increase in their
purity during electrolysis (99.9992%).

Keywords: indium, electrolysis, indium electrorefining, cathodic polarization, purity
of indium

Introduction. The temperature regime is one of the most important con-
ditions for electrolytic refining of metals. The increase in temperature entails a
number of changes: the solubility of salts and the electrical conductivity of the
solution are increased, and the passivation of anodes is decreased. In addition,
there is a change in the ion discharge potential, namely, reducing the overvoltage
of hydrogen and metal evolution. In turn, each of these changes affects the quality
of precipitation, so the effect of temperature is complex and under different
conditions of electrolysis manifests itself in different ways [1, 2].

The temperature has a double effect on the electrodeposition of metals. With
increasing temperature, the diffusion of ions increases, this makes it possible to
increase the current density at which the formation of dendrites and spongy
deposits is not yet observed. An increase in the temperature of the electrolyte
leads to an increase in the growth rate of the crystals, which favors the appearance
of a coarse-grained structure [3]. At not too high temperatures, the influence of
the first of the factors considered prevails, so that the quality of the coatings is
improved. At high temperatures, coatings of inferior quality are formed.

In practice, when examining the effect of the electrolyte temperature on the
electrolysis performance, the optimal temperature is selected, at which the ma-
ximum possible current output and the minimum power consumption are obser-
ved. Usually, the temperature of the electrolyte in the baths is maintained in the
range of 36-40 ° C. At this temperature, the electrolysis performance is stable, the
energy consumption is small and the cathode precipitates are qualitative [4].

In [5], the effect of temperature on the cathodic and anodic yields on current
during the electrodeposition of indium on a copper electrode in sulfuric acid
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solutions was studied. Brilliant dense precipitation of indium is obtained at higher
current densities and elevated temperatures. The temperature does not have a sig-
nificant effect on the anode current output. The authors of [6] established the
influence of the temperature and acidity of the solution on the stability of
monovalent indium in sulfuric acid solutions.

When studying the influence of temperature on the processes of electro-
chemical refining of metals, classical nonstationary methods are used - chrono-
amperometry and chronopotentiometry. In this paper, the effect of temperature on
the kinetics of indium electroreduction on a titanium electrode, the cathode cur-
rent yield, and the quality of cathodic precipitation are studied.

EXPERIMENTAL PART

The experiments were carried out in a thermostated cell made of organic
glass with a volume of 300 cm’ (figure 1). The cathode was a titanium electrode
with an area of 40 cm?, the anode was indium, and as a reference electrode, chlo-
ride-silver electrode was used, connected with the working solution by a salt
bridge. The temperature of the electrolyte (30, 40, 50°C) was maintained by
thermostating with an accuracy of 0.10°C. Before each measurement, the surface
of the titanium electrode was cleaned out with a micron skin, degreased with
alcohol and washed with bidistillate. The surface of the anode was renewed by
removing the thin layer with a ceramic knife and rinsing with bidistilled water.
The pH values of the electrolyte were maintained in the range of 1.5-2.0. The
electrolyte was 1 mol/l sodium chloride solution containing 0.5 mol/l indium
chloride. The choice of chloride electrolytes is explained by their high electrical
conductivity, the activating action on the anode processes and the high rate of
discharge-ionization of indium in them.

AgAgClC]

—I[+ 1

1 - 3 & i
- 2 /

Tenzaamaaid

H i

=

Figure 1 — Electrolysis installation: 1 — Cathode (Titan); 2 — Anode (Rough Indium);
3 — Cathode precipitate (Refined indium); 4 — Electrolyte; 5 — 3.5 M KCl

Analysis of the surfaces of the titanium electrode after cathodic polarization
with temperature variation was performed by scanning electron microscopy
(SEM) and energy dispersive X-ray spectral analysis (EDX).

Electrolysis was performed in galvanostatic mode. Samples for analysis by
ICP-MSmethod were prepared as follows: after electrolysis, the electrodeposited
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indium was dissolved in nitric acid (high purity) and diluted with bidistilled water
to a certain volume.

Electrochemical measurements were performed on the device Autolab
PGSTAT 302N.

RESULTS AND DISCUSSION

To determine the optimum electrolysis temperature, chronoamperometric
measurements of the electrolytic deposition of indium on a titanium electrode at
different temperatures were carried out (figure 2).
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Figure 2 — Chronoamperogram of indium precipitation
at a potential of -0.9 V at various temperatures:
1-30°C;2-40°C;3-50°C

As the figure shows, with an increase in temperature there is a significant
increase in cathodic currents. The chronoamperogram is characterized by the
presence of two sections, in the time interva 1 0+15 s the discharge reaction
proceeds in the kinetic regime, and the limiting diffusion current is observed with
time. To quantify the effect of temperature on the rate of reduction of indium
from chloride electrolytes at a total deposition potential (-0.9 V rel. to the chlo-
ride-silver electrode), the values of the activation energy of the process were
calculated. For this purpose, the values of the exchange currents were calculated
on the basis of the dependence of the magnitude of the current on time.At infini-
tesimal values of time, the current tends to an infinitely large value, which indi-
cates a high rate of supply of material to the surface of the electrode. Under these
conditions, the slowness of the nondiffusive stages of the electrode process is
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clearly manifested. At sufficiently small values of time, the dependence of i on Vt
is linear and allows using the extrapolation method to determine the exchange
currents. The linear dependencies shown in figure 3 can be described by the
following equation:

i=bVt+a. (1)
i, Alem’
u
i = w = m o= ERET
=0,06 + ¥
i
-0,08 ¥
i
n T
=010 4 i Equation y=a+b%x
M Adj R-Square  0,99744 094547 097093
] ' Value  Standand Error
30 Intercept  -0,0689G 2. TB422E-4
0,12 1 30 Slope 000472 7 96880E.5
40 Intercept  -0,13408 0,00163
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50 Inbercept -0 16555 0,00345
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Figure 3 — Chronoamperograms of indium recovery
at small values of time on a titanium electrode
The results of processing chronoamperograms are presented in table 1.
Table 1 — The values of the constants a and b, exchange currents (ip)
and correlation coefficients at different temperatures
T,°C 1T, 107 K io, Alem? lg(-ip), Alem? B a, 107 R?
30 3,300 -0,069 -1,161 -0,069 4,72 0,99
40 3,194 -0,134 -0,873 -0,134 15,18 0,95
50 3,095 -0,166 -0,781 -0,166 25,22 0,97

Then the values of the activation energy of the process under study at dif-
ferent temperatures were calculated from the exchange currents:

lgi=B-Ea/(2.3RT).

2
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The graph of the dependence lgi, -1/T allows us to calculate the value of the
activation energy (figure 4), which was 35.7 kJ/mol. The value of the activation
energy indicates the course of electroreduction of indium on a titanium electrode
in a mixed mode.
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A
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Figure 4 — Dependence of the logarithm of the exchange current g iy
on the reciprocal of the temperature 1/T

The obtained value of the activation energy is in good agreement with the
value found from cyclic voltammograms of this process [7]. The obtained results
can be used to calculate the rate of the process of electrodeposition of indium on a
titanium electrode at other temperatures, which will allow us to optimize the
choice of the temperature regime of electrolysis.

To determine the quality of cathode sediments obtained at different tempe-
ratures, their analysis was performed by scanning electron microscopy (SEM) and
energy dispersive X-ray spectral methods (figure 5).

As can be seen from the photomicrograph, a small increase in temperature
accelerates the rate of nucleation, precipitates coarse-grained sediments, which
should lead to a decrease in impurities in the precipitated metal. The increase in
temperature promotes the consolidation of precipitation, but at a temperature
above 40 ° C they become rough and amorphous. This, apparently, is due to the
course of the associated hydrogen evolution [8].

In an investigation of the discharge-ionization of indium on a titanium elec-
trode, an optimal range of pH values of the electrolyte was found [9]in the refi-
ning of indium (1.5-2.5). This is explained by the fact that the interfering effect of
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Figure 5 —Microphotographs of the surface
of a titanium electrode after cathodic polarization,
with temperature variation by SEM and EDX methods
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reducing hydrogen ions is enhanced in a strongly acidic medium, and at pH above
3, indium hydroxide is formed. In the same work, the optimum current density
(0.01 A/cm®) was determined during electrolytic refining of indium.

The content of impurity metals and the degree of purity of electrified indium
are determined by mass spectrometry (ICP-MS) methods with inductively coup-
led plasma. The cathode sediments of three experiments on electrolytic purifica-
tion of rough indium were analyzed in order to evaluate the reproducibility of the
experimental results. The results of the analysis are presented in table 2.

Table 2 — Results of analysis of precipitated indium samples by the ICP-MS method

The compo- pH The cathode potential | Tempe- VT Degree
Ne sition of of the (rel.chloride-silver rature, catode, of purity,
the electrolyte | medium electrode), V °c % %

100,4 99,9992

1 30 99,8 99,9989
99,5 99,9990

0.5M InCl, + s oo 100,1 99,9991

2 +1,0M NaCl ’ ’ 40 99,7 99,9993
99,4 99,9994

114,7 99,9982

3 50 112,5 99,9984
111,3 99,9987

Rough Indium IN-2 99,9840

As can be seen from the obtained results, there is a significant increase in the
purity of cathode sediments during electrolytic refining of indium on a titanium
electrode from chloride electrolytes in the temperature range 30-40 °C, which
allows us to recommend these conditions as optimal.

Conclusion. The effect of temperature on the electroreduction of indium on a
titanium electrode in chloride electrolytes was studied and the optimum tempera-
ture regime was determined. It was found that an increase in temperature to 40 °C
leads to the enlargement of cathodic sediments and an increase in their purity.
Further temperature increases impair the quality of the precipitated indium.

The value of the activation energy (Ea = 35.7 kJ/mol) of indium electro-
reduction on titanium, indicating the course of the process in a mixed mode, is
determined.

Electrorefining of rough indium at a temperature of 30 and 40 °C was carried
out and the purity of indium cathode precipitation was determined, the average
value of which was 99.9992%.
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. OJIEKTPOPAOUMHUWPIIEY KE3IH/ETT
NMHANWAIH TA3AJIBIK JOPEXECIHE TEMIIEPATYPAHBIH ©CEPI

3eprrey HbIcaHBl periHae Kaszakcranma eHAIpUICTIH KapalallThl WHAWHA OOIIHI.
OHbIH 3nekTpopaduHUpIIEY KE3IHAEr! IapTTapblH OHTAWIAHABIPY YLIH OYJI >KYMBICTa
TUTaH 3JIEKTPOJBIHIA XJIOPHUATI epiTiHALIepAe MHIUN MIEKTPTYHYBIHA TeMIIepaTypaHbIH
ocepi 3epTrenai. 3epTTeNeTiH YPOICTiH aKTHUBTEHY SHEPTHCH HECENTENTeH MOHICpIiHCH
UHIUHIIH TUTaH/Aa DIEKTPTOTHIKCHI3IaHYbl apanac peKHMIEe >KYPETiHI aHBIKTAJJIbI
(E,= 35,7 xJIx/Monb). YpIiCTIH OHTAIIBI TeMIepanbiK pexiumi Tadbiiasl — 30-40°C. By
PEOXKHUM KaTOATHI TYHOANAPABIH TY3ULIyiHE jKaKChl 9Cep €Till, OJIapAbIH AJIEKTPOJIN3 Ke3iH-
JICT1 Ta3alIbIK JopekeciH apTThipanl (99,9992%).

Tyiin ce3mep: WHAUMN, SJACKTPOIU3, HHIUA padUHUPIICYi, KATOITHIK MOJISPU3AIIH,
WHIAN Ta3aJIbIFbL.
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BJIMAHUE TEMIIEPATYPBI HA CTEIIEHb UUCTOTBI UHAUA
ITPU ET'O SJIEKTPOPA®UHNPOBAHUN

OO0BEKTOM HCCIeIOBAHMUS SBIIIICS YepHOBOM MHIMI, mpom3BoauMeblil B Kazaxcrane.
JUIs onTHMU3AIH YCIIOBHHA €ro 3JICKTPOpapUHUPOBAHUS, M3YYCHO BIMSHHE TeMIlepa-
Typel Ha SJEKTPOOCAKACHWE WHIMS HAa THTAHOBOM DJIEKTPOJE B XJIOPHUIHBIX DIICK-
Tponutax. V3 pacunWTaHHBIX 3HAYCHWH SHEPTHHM aKTHBAIlMM HCCIEIyeMOro mporecca
YCTaHOBJICHO, YTO SJIEKTPOBOCCTAHOBJIICHWE WHAWA HAa THTAaHE MPOTEKAeT B CMEIIAaHHOM
pexume (E, = 35,7 x/Ix/monp). Halinen onTuManbHBIN TeMITIEpaTypHBIHA PEXHIM IIporecca
30-40°C, CIOCOOCTBYIOIIMIA 0OpPa30BaHMIO KAYECTBEHHBIX KATOIHBIX OCAIKOB W TOBHI-
IIEHUIO UX CTEHEHHU YHCTOTHI IPpH AeKTpoinse (99,9992%).

KiroueBble ci1oBa: WHIWH, SJIEKTPOIHN3, pahUHUPOBAHNE HHIMS, KATOIHAS TOJISIPH-
3aIdsl, YUCTOTA WH/IUS.
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LAWS OF FORMATION OF ACTIVE AND SELECTIVE
CATALYTIC SYSTEMS ON THE BASIS OF CLINOPTILOLITE
FOR HEAVY HYDROCARBONS CRACKING PROCESS

Abstract. Using the modern physical methods (XPS, SEM, TEM, BET) regularities
in the formation of catalytic systems based on clinoptilolite by the modification of various
by nature acids were revealed. It is shown that as a result of interaction of the modifier
with an active surface new structure is created, which lead to a significant increase in spe-
cific surface area and catalytic activity. A detailed study of the zeolite surface with TEM
HR showed the formation of stable structures of clusters, which are partially embedded in
the volume of the zeolite. The sizes of these clusters are 1-2 nm and are available for the
reactants. It is believed that as a result of impregnating and calcining the catalytic systems,
translation of heteropolyacid particles into highly dispersed state is achieved, where the
heteropolyacid particles perform specific adsorption and catalytic properties.

Keywords: clinoptilolit, modification, texture, morphology, acidity, cracking cataly-
tic systems.

Introduction. As an object of research work was natural zeolite from Shan-
kanay region (Kazakhstan) in which the major rock-forming mineral is clinop-
tilolite, containing from 40 to 84 wt%. It is known, that zeolites being solid acids
are basic catalysts of hydrocarbon cracking process [1, 2].

This paper presents the study of the acidic properties, the establishment of
textural and morphological changes on the surface of clinoptilolite in the
modification of it with different by nature acids or combination of them. We have
previously reported that mineral acids carry out ions of alkali and alkaline earth
metals from surface of natural zeolite; organic acids form soluble complex
compounds with iron ions and mostly carry out ferric ions which catalyze the
process of carbon formation from hydrocarbons; and additional modification of
the zeolite by heteropolyacid leads to a deep loosening of its surface [3, 4].

EXPERIMENTAL PART

Catalytic systems based on natural Shankanay zeolite were created by modi-
fication with mineral, organic acids and heteropolyacids (HPA).

Changes in the composition and structure of the surface samples of natural
zeolite in the acid treatment were followed by methods of spectral elemental ana-
lysis, BET, XPS, SEM, TEM, XRD and IR.
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Oxide and elemental composition of samples of natural Shankanay zeolite
was identified by emission-diffraction analysis on diffractometer DFS-13.

XRD analysis of catalytic systems was performed on D8 Advance (Bruker),
0-Cu, tube voltage 40 kV, current 40 mA. Data processing and calculation of
the diffraction patterns interplanar distances were performed using the software
EVA. Deciphering trial and phase search were carried out under the program
Search/Match with Database of powder diffractometric data PDF-2 Rel. 2012
(ICDD).

IR study of catalytic systems was conducted by the spectrometer
NICCOLET-2700 in the frequency range 400-4400 cm™. The catalytic systems
were formed into a tablet with "thickness" of 60-100 mg/cm’. Adsorptions of test
gases were carried out at different temperatures, vacuuming 107 Torr.

BET method by low-temperature nitrogen adsorption at the «AccuSorb» of
«Mikromeitics» (USA) was used to identify specific surface area of catalytic
systems.

By X-ray photoelectron spectroscopy (XPS) provided information on the
qualitative and quantitative composition of the surface area of the test sample and
the chemical state of elements. XPS- spectra were recorded on a photoelectron
spectrometer ES-300 (KRATOS Analytical) in a mode of constant energy trans-
mission energy analyzer photoelectrons, which is equipped with an automation
system based on the IBM PC (held at the G.K. Boreskov Institute of Catalysis SB
RAS, Novosibirsk). To capture, source of X-ray was used without monochro-
mator. Radiation energy Mg Ka - was 1253.6 eV. The calibration of the energy
scale was carried out on the binding energies of Au4f7/2 equal to 84.0 eV. Qua-
lity control of the chemical composition of the surface was carried out on the
overview of the spectrum with a range of 0-1100 eV. For the analysis of the com-
position and chemical state of the elements were shooting narrow areas, and used
mode: energy transmission spectrometer HV -25 eV step sweep - 0.1 eV.

C using scanning electron microscopy (SEM) with a spatial resolution of
1 and 10 A microscope JSM-6X80 transmission and high resolution electron
microscopy (TEM HR) microscope JEM-2010 by JEOL accelerating voltage of
200 kV and a resolution of 1,4 A (0,14 nm) microfeatures and morphology of
catalytic systems’ surface, elemental composition of the observed point on the
surface and the pattern of distribution of elements on the surface, as well as their
dispersion were studied. By means of electron microscope Philips CM-20, equip-
ped with EDAX-spectrometer microanalytical experiments were conducted (held
at the G.K. Boreskov Institute of Catalysis SB RAS, Novosibirsk).

Using the IR method with low-temperature CO adsorption acidic properties
of zeolite catalytic systems were studied [5]. Infrared spectra were recorded on
FT-IR spectrometer FTIR-8300 Shimadzu 700-6000 cm™ with resolution of 4 cm’
" and the number of scans equal to 100. IR spectra are reported in absorbance
units referred to 1 g of catalytic systems per 1 cm” of the cross section of the lu-
minous flux and are in units A/p, that means optical density A, at absorbance line
v normalized for tablet thickness sample r (in g/cm?). Before recording spectra
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catalytic systems samples were compressed into tablets without binder. Samples
of the catalytic systems were placed in a quartz cell for absorption measurement
with windows from CaF,, and trained on the vacuum adsorption unit under va-
cuum (p <107 bar) at 500 °C, 1 h.

RESULTS AND DISCUSSION

Investigation of textural characteristics of modified samples of natural
zeolite. Table 1 shows the textural characteristics of catalytic systems obtained
from a natural Shankanay zeolite modifyied by inorganic, organic, stepwise
inorganic and organic acids, and stepwise inorganic acid and heteropolyacid: KI —
initial natural zeolite, HKI-1 — zeolite one time modified with a mineral acid, 10%
H4EDTA/KI — natural zeolite modified with ethylenediaminetetraacetic acid, 10%
HEDTA / HKI1-1 — zeolite decationized with mineral acid and modified with
ethylenediaminetetraacetic acid, 10% Hsal/HKI-1 — zeolite decationized with
mineral acid and modified with sulfosalicylic acid, 10% PW,-HPA/HKI-1 —
decationized with mineral acid and modified with tungsten heteropolyacid of
12 series.

Table 1 — Textural characteristics of catalytic systems obtained
by modifying a natural zeolite of Shankanay field

Specific surface area, Pore volumes, Pore size,
m%/g 10° cm’/g A°
Samples
S Smicropores \% Vmicropores Daverage

Kl 9,8 2,4 1,76 0,13 (7,4%) 72,2
10%H,EDTA/KI 28,2 - - - -
HKI-1 52,6 38,0 4,86 0,18 (3,7%) 27,7
10%H,EDTA/HKI-1 99,4 - - - -
HSal/HKI-1 78,2 67,8 5,49 3,18 (58,0%) 21,2
10%PW ,-HPA/HKI-1 257,0 - - - -

The total specific surface of the initial natural Shankanay zeolite is low and ranges of
9.8-22.1 m*/g (table 1).

After modification specific surface area of the zeolite increases. For example,
the specific surface area of clinoptilolite decationized by 1.75N hydrochloric acid
increases up to 52,6-59,0 m*/g, and the modification of a natural zeolite with ethy-
lenediaminetetraacetic acid slightly increases the surface to 28.2 m*/g (table 1).

Interesting results are obtained by modifying already decationized zeolite.
Since the modification with EDTA leads to an increase in the specific surface area
to 99.4, with sulfosalicylic acid up to 100.7 m*/g, and the modification with HPA
leads to an anomalous increase up to 257.0 m*/g.

In figure 1 the adsorption and desorption isotherms of the natural clinop-
tilolite sample and its modified forms, which are characterized by the presence in
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all sorption isotherms hysteresis S-shaped type are shown. Sorption hysteresis
formed by the capillary condensation of gases and its location usually depends on
the method of the modification.

The pore volume after modification initial zeolite by mineral acid increases
from 1.76-10 to 4.86-10° cm’/g, and until 5.49-10” cm’/g it is modified by sul-
fosalicylic acid. This increases relate not only the pore volume, but also increases
its number from 7.4% in initial to 58.0% on zeolite modified sulfasalicylic acid
(table 1).

In general increasing the number and volume of pores of the modified zeo-
lite average pore size decreases. The average pore size of the initial zeolite is at
72.2 angstroms, hydrochloric acid modification is at 27.7, while for acid modi-
fication sulfasalicylic acid reduced to 21.2 angstroms (table 1).

The studies of the surface-modified natural zeolite samples by XPS. Using
photoelectron spectrometer ES-300 received XPS-spectra of initial clinoptilolite and
its modified forms: KI, HKI-1, HyEDTA/HKI-1; HSal/HKI-1, PW,,-HPA/HKI-1 u
PMo;,-HPA/HKI-1. A typical photoelectron spectrum of a sample HyEDTA/HKI-
1 corresponding peaks of consisting chemical elements is displayed (figure 2).
Quantitative analysis of the composition performed on the basis of calculation of
the integrated intensities of the corresponding narrow lines in the spectra of XPS.
Correction to the atomic sensitivity of each element of ASF was made.
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Figure 2 — Photoelectron spectrum of a sample H4EDTA/HKI-1

It can be seen that the sample contains aluminum, silicon, carbon, oxygen,
also there is a small amount of potassium, calcium, and iron. These elements are
part of almost all samples in this series. Silicon Si2p and aluminum A12p are pre-
sented as peaks with the characteristic binding energy of silicon and aluminum in
the composition of zeolites and aluminosilicates. The peaks in the 750-1100 eV
are due to the Auger process (electron emission from the outer shell during the
process of relaxation after photoionization) and respectively belong to oxygen and
carbon. Table 2 shows the elemental content calculated by XPS data normalized
by the amount of aluminum.

Table 2 — The chemical composition of the surface of clinoptilolite samples

Sample Al Si C K (6] Fe Ca Na 4 Mo
Kl 1 3,0 44 10,08 | 16,8 | 0,19 | 0,30
HKI-1 1 3,7 50 | 0,19 | 20,4 | 0,21 | 0,15
H,EDTA/HKI-1 1 5.4 53 | 0,16 | 25,9 | 0,31 | 0,13 | 0,26
HSal/ HKI-1 1 7.3 8,3 0,2 | 34,1 | 0,39 | 0,12 | 0,11
PW,,-HPA/HKI-1 1 6,1 7,7 | 0,22 | 33,0 | 0,35 0,58
PMo,,-HPA/HKI-1 1 6,5 84 | 0,19 | 34,8 | 0,32 0,85

It is also remarkable that impregnating HPA on the surface affect the
condition of other elements. From table 2 it is seen that in these zeolite samples
the ratio of Si/Al varies quite substantially - from 3 to 6.5. However, given their
relatively low concentration, it can be assumed that the change in the state of
Al and Si is mainly due to the mutual influence.
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XPS spectra of samples PW,-HPA/HKI-1 and PMo,-HPA/HKI-1 showed
the presence of tungsten and molybdenum (figure 3). In the original spectrum two
doublets W4f with binding energies of the components W4f;, 34.4 and 36.1 eV
could be identified (figure 3a).
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Figure 3 — Spectra of tungsten W4f (a) and molybdenum Mo3d (b)

Such binding energies are characteristic of the oxidized state of tungsten W*"
and W', respectively. After the reaction only blurred doublet with a binding ener-
gy of the first component ~ 35.6 eV is observed, this is also related to the state of
W?®". Noticeable broadening of peaks may be due to structural inhomogeneity of
HPA after exposure of reaction medium, or the formation of carbon on the surface
and its effect on the HPA. The spectrum of molybdenum (figure 3b) can be appro-
ximated by only one doublet with a binding energy of component Mo3ds,, equal
to 232.2 eV. Such binding energy is characteristic of the charged state of molyb-
denum (Mo ).

Thus, the XPS method makes it possible to evaluate energy state of surface
elements, which makes it possible to understand the mechanism of action of the
active center of the catalytic systems.

The studies of the surface conditions of modified natural zeolite samples
by electron microscopy (TEM and SEM). Photographs of various modified
natural zeolite samples which were obtained using a scanning electron micro-
scope JSM-6X80 are shown on figure 4.

According to electronic images of natural zeolite granules are irregular in
shape (figure 4, a) and are characterized by a specific structure consisting of irre-
gularities and cracks, which causes the penetration of relatively large cations
(figure 4, b).
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| -
Figure 4 — An electron-microscopic photographs of identified samples of natural zeolite:

natural zeolite granules (a) and its outer layer (b); HKI-1 (c);
HSal/HKI-1 (d); PW,-T'TIK/HK1-1(e, f)

Surface of decationized clinoptilolite HKI-1, obtained by means of SEM,
characterized by inhomogeneity and the presence of multiple shallow channels,
which have a layered structure (figure 4, c).

When stepwise modifying with mineral acid as the first step then with orga-
nic acid, surface microfeatures are precise and nature of recesses of decationized
clinoptilolite layered structures increases, the surface is even more loosened;
particularly when modified with sulfosalicylic acid large pores appear and the
surface is loosened with peeling whole layers and new pores appear (figuref 4, d).
Microelement analysis data indicate that the ratio of clinoptilolite basic elements,
in particular silicon to aluminum compared with the data of catalytic systems
HKI-1 decreases. Wherein the catalytic systems surface HSal/HKI-1 low iron con-
tent was detected.

On figure 4 also photographs of the sample PW,,-HPA/HKI-1 are shown. It
can be seen that the surface of clinoptilolite layered structures HKI after modifi-
cation are covered with agglomerates of PW,,-HPA, that are evenly distributed
and strongly bounded to the surface of clinoptilolite (figure 4, e, f).

In electron-microscopic images of a thin layer of catalytic systems PW,-
HPA/HKI-1 obtained by TEM microscope JEM-2010, the spots of different sizes,
which have different shapes and contrasts are seen (figure 5). Microanalytical
experiments on EDAX-spectrometer showed that the above mentioned spots have
the same composition identical with the PW,,-HPA (figure 5).

Apparently, this is due to the high degree of dispersion and particle distribu-
tion of PW1,-HPA on the surface of clinoptilolite. The quality and quantity of the
working surface could be mediated from that. Since, the observed point in the
surface of the catalytic systems is composed of silicon (1.61%), aluminium
(0.74%), oxygen (80.2%), and also phosphorus (1.52%) and tungsten (15.85%)
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Figure 5 — An electron-microscopic image of the catalytic systems PW,-HPA/HKI-1
obtained by TEM HR, a top under - X-ray spectra of the catalytic systems
surface PW, HPA/HKI-1 obtained from EDAX-spectrometer

are found which qualitatively correspond to the composition of the catalytic
systems.

A detailed study of the zeolite surface by TEM HR, indeed, showed the for-
mation of stable structures of clusters, which are partially embedded in the vo-
lume of zeolite (figure 6). The size of these clusters are 1-2 nm (figure 6). Often

Figure 6 — Electron-microscopic images of the catalytic systems
sample PW,-HPA/HKI-1 obtained by TEM HR
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occurring lines on images belongs to the clinoptilolite crystal lattice. Thus, clus-
ters are uniformly distributed over the surface of the zeolite and are available for
the reactants (figure 6).

In some places of the clinoptilolite surface highly dispersed particles of HPA
are arranged as layers in the form of associates - in the pictures appear as a
contrasting sites, at the same time the size of the particles clearly evident
(0.78-1.32 nm) (figure 6). The compositions of nanostructures according to the
EDAX-spectrometer are also identical with PW,-HPA.

Investigation of the acidic properties of surface of modified natural
zeolite samples. On the FT-IR spectrometer FTIR-8300 Shimadzu in the 700-
6000 cm™' field with a resolution of 4 cm™ and the number of scans of 100 infra-
red spectra of catalytic systems were recorded; catalytic systems: HKI-1
(spectrum #104), 10% HSal/HKI-1 (spectrum #103), 10% H4EDTA/HKI-1
(spectrum #105), 10% PW,-HPA/HKI-1 (spectrum #101), obtained by modifying
clinoptilolite samples with 1,75N hydrochloric, 10% sulfosalicylic, 10% ethylen-
ediaminetetraacetic acid and 10% aqueous solution of tungsten of 12 row hete-
ropolyacid (H;PMo,,04,-nH,0) respectively. Their IR spectra in the region of the
stretching vibrations of OH groups, obtained by tests using the sequential
adsorption of CO at the temperature 77K are shown in figure 7.

=
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Figure 7 — IR spectra of catalytic systems samples in the region of OH groups’ stretching vibrations

In the spectrum of the sample 10%PW,,-HPA/HKI peaks related to the ab-
sorption of the isolated OH groups at 3620, 3660, 3700 and 3735 cm™ are
observed. In the spectrum of the samples HKI and 10%HSal/HKI an increase in
the intensity of isolated OH groups peaks as compared with a sample of
10%PW,-HPA/HKI is observed, that may indicate a slight increase in the con-
centration of hydroxyl-cover. For samples HKI and 10%HSal/HKI1 compared with
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a sample of 10%PW ,-HPA/HKI the appearance of intense broad peak at 3680-
3690 cm™ is observed. For a sample of 10%HSal/HKI compared with a sample of
10%PW ,-HPA/HKI observed shifting of isolated groups to the low-frequency
region (3620—3600 cm™), and a significant increase in the intensity of 3735 cm’™
region. The sample 10%H,EDTA/HKI, assumed to have destroyed zeolite
structure, in the spectrum of this sample low intense broad peaks at 3600 and
3710 cm’ are observed. The total concentration of OH groups to sample
10%H,EDTA/HKI, referred to the sample weight was 8-10 times lower than for
the other samples.

Strength of Broensted acid sites can be determined from the magnitude of the
shift of the stretching vibrations of OH groups (Avoy®) in the presence of ad-
sorbed CO. The greater the shift, the stronger acidic sites. Concentration of
Broensted acid sites and their strength, expressed in terms of wavenumber shift
amount shown in table 3.

Table 3 — Broensted acid sites (B.a.s.) and their concentration
on the surface of hydrocarbons cracking catalytic systems

B.as. 1 B.as. II B.a.s. 111
Catalytic system SiOx/ALOs | Ay, C, AYon, C, Ayon, C,
em’ umol/g | cm . pmol/g sm’! umol/g
10%PW ,-HPA/HKI 340 4 320 6 220 30
HK1 23,6 340 4 280 20 225 45
10%HSal/ HK1 12,6 340 1 310 15 235 35
10%H,EDTA/ HK1 19,4 - - - - - -

Thus, there are three types of the acidic centers on samples of catalytic
systems that differ in strength and concentration, which is determined by the mag-
nitude and intensity of the shift. When the adsorption of CO on the catalytic sys-
tems the greater the shift of the OH groups’ stretching vibrations (AyOH, cm™),
the stronger the acid sites. Strong acid sites are found on 10%PW,-HPA/HKI and
HKI. On 10% HSal/HKI their concentration is 4 times lower, and on 10%
H,EDTA/HKI shift is not observed, giving rise to talk about the absence of
surface Bronsted acid sites.

Bronsted sites of the second type on 10% PW,-HPA/HKI stronger by the
shift than on the other catalytic systems, although the concentration is less. Acid
sites of the third type on the catalytic systems approximately the same amount,
but they apparently do not determine the activity when cracking. The total con-
centration of strong acid sites on 10%PW,,-HPA/HKI is greater than on the other
catalytic systems samples.

Discussions. Modification of natural zeolite sample with various acids leads
to structural changes of clinoptilolite. Acid activation of clinoptilolite increases its
surface and pore volume, decreases average pore diameter, which in turn directly
affect the properties of the active acid sites of the zeolite, which are responsible
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for acid-base reactions, as well as their distribution on the catalytic systems
surface.

The study found that the catalytic systems obtained by modification of na-
tural zeolite with various substances, by the specific surface area, starting from
the lowest arranged in a row:

Kl —- H4EDTA/KI — HKI-1 - H4EDTA/HKI-1 —
— HSal/HKI-1 - PW12-HPA/HKI-1

Special attention deserves the significant growth of the surface when the
modification with 10% PW12-HPA to 257.0 m?/g, since this value is much higher
than for pure zeolite and HPA. Obviously, when HPA applied on the surface of
the zeolite there is a deep interaction occurs. In addition, this increase is due to the
formation of new nanostructures that have been shown by TEM and SEM.

In a row of samples:

K1 — HKI-1 — HSal/HKI-1

area of hysteresis loop decreases and the amount of gas adsorbed on the surface of
clinoptilolite increases. This fact can be attributed to an increase in pore volumes
of the samples. By volume of pores the catalytic systems starting from the lowest
may be arranged in a row:

KI — HKI-1 — HSal/HKI-1

The pore distribution on the samples of catalytic systems surface shifts to-
ward micropores, or in other words, on the surface mainly micropores are found.

Obviously, the surface growth of the samples of catalytic systems is due to
the formation of new micropores. Determination of surface micropores (S,) also
shows their growth from 2.49 to 38.07 m?/g after modification with hydrochloric
acid and to 67.84 m*/g with sulfosalicylic acid.

Using the method of XPS information about the qualitative and quantitative
composition of the surface area of the samples and the chemical state of elements
was obtained. Since the samples were subjected to severe impacts of acid there
might be amorphization of their surfaces. Applying HPA on the surface affect the
condition of the other elements. However, given their relatively low concentra-
tion, it can be assumed that the change in the state of Al and Si is mainly due to
the mutual influence. At the same time, purely qualitatively it can be concluded
that the decrease in binding energy due to the transition A12p of aluminosilicate
type structures to aluminum rich structures. This is also supported by earlier data
of IR and XRD.

As a result of the XPS study it was found that when impregnating heteropo-
lyacids of molybdenum and tungsten series, the zeolite framework partially
decomposed with the formation of individual and Al-O- and Si-O- structures.
Since conditions of the main elements of the zeolite varies a little. Molybdenum
and tungsten in catalytic systems are in present as Mo (6+) and W (6+), respec-
tively, which evidence of retaining heteropoly-like structure.
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Morphology and microfeatures, elemental composition in the observed point
,the distribution pattern of elements on the surface of initial clinoptilolite and its
acid-modified forms examined by electron microscopy.

Thus, in particular, using an SEM indicated that after step-modifying by mi-
neral acid then heteropolyacid, heteropolyacid particle dispersion on the surface
of the zeolite are high; the layered structure of the zeolite covered with uniformly
distributed and tightly bounded to its surface a heteropolyacid agglomerates.

When modification of zeolite with decationized HPA of Tungsten 12 series,
as already mentioned above, there is a sharp increase in the specific surface area
of the catalytic systems. Obviously, when HPA impregnated on the surface of the
zeolite there is a deep interaction. Thus on the TEM HR images of catalytic sys-
tems homogeneous structures of HPA interspersed into the pores of the zeolite are
visible. The dimensions of these structures are a few nanometers. Obviously, the
occurrence of these nanostructures alters the catalytic properties, particularly
cracking activity of the catalytic systems considerably increases, consequently the
yield of liquid products of the cracking reaction, constituting mainly of the long-
chain a-olefins increase.

By means of CO adsorption method of strength and concentration of acid
sites of the samples of catalytic systems were identified. In the series starting
from lowest:

HKI1 — 10%HSal/HK1 — 10% PW,,-HPA/HKI1
there is a significant increase in the proportion of strong and very strong Bronsted
acid sites. The total concentration of strong acid sites on 10%PW,-HPA/HKI and
sum of shifts at 340 cm™ and 320 cm™ is higher than on HKI. It should be noted
that the increase in acidity correlates with high silicate modulus (SiO,/Al,O3) of
the zeolite sample.

Conclusions. Thus it is clear that the occurrence of nanostructures and the
large number of strong acid sites leads to increase of cracking activity catalyst
systems based on clinoptilolite in the cracking of heavy hydrocarbons.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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Pe3iome

K. A. Kaoupbexos, /. K. Kambarxun, A. K. Kaoupbekos,
A. V. Aumypees, K. U. Umanbexos

AVYBIP KOMIPCYTEKTEP/II KPEKMHIJIEY ITPOITECTEPIHIH
KJIIMHONITHJIOJNAT HET'BIHAETT AKTUBTI )KOHE CEJIEKTHUBTI
KATAJIMTUKAJIBIK X)XYWUEJIEPIH KAJIBIIITACTBIPY IBIH 3AHABIJIBIKTAPBI

3amanayu ¢usukaisik oaicrepai (POIC, COM, I1OM, BOT) konpaHa OTHIpHIT aybIp
KOMIPCYTEKTEp/li KPEKUHTJICY MPOICCTEPiHIH KIUHONTHIOIUT HETi31HACT1 aKTHBTI JKOHE
CEJIEKTHBTI KaTAINTHKAIBIK JKYHelepiH OHbI TAOUFaThl OPTYPITi KBIIIKBUIIApMEH MOAN(DH-
LUpJIey apKblIbl KAIBINTACTHIPYABIH 3aHABUIBIKTAphl aHBIKTANABL. MoaudukaTopiap MeH
KIIMHONITHJIONNTTIH O€TKI KaOaTHIHBIHBIH OJCEH[I SPEeKeTTECYiHiH HOTIKECIHAE >KaHa
KYpBUIBIMIAp TY3LIIM, OJapIblH KaTATHTHKANBIK XYHEHIH OeTKi KabaThl aylaHBl MEH Ka-
TANIUTUKAIBIK aKTUBTUIITIH Oipmiama ecipeTiHmiri kepcerinmi. Moaudukarop peTiHze
TeTePONOIMKBIIIKBUIIAD KOJIAHBUIFAH JKaFJaimarsl meonuT OerTiH keH memrimai [1OM
OMiCIMEH THSHAKTHI 3€PTTCY LEOJUTTIH IMIKI KOJIEMIHE JKapThbUlail €HIeH KBIIIKBIIIBIH
TYPaKThl KJIACTEPIIK KYPbUIBIMAAPHl TY3UICTIHIINH alKpIHAaAbl. byi kimacrepnepin
enmemMaepi 1-2 HaHOMETp Kypau[pl ®KoHE oJlap 9PEKETTECYIli peareHTTepre KOIKeTIMIL.
Moaudukarop peTiHe TeTeponoNUKhIIIKBUIAAPIBI IEOJIUTKE OTBHIPFBI3BIIN )KOHE aJIbIHFaH
KaTaJIM3aTOPJIBIK YHEH! KbI3JBIPBIN MIBIHBIKTHIPFaH/1a TeTePOIIOJIMKBIIIKBUT OoIeKTepi
JKOFapbl JUCIEePCTi KYWTe aybIcalibl, COHBIH HOTIKECIHIE 0Jap epeKIIe aJICOPOIHSIIBIK api
KaTaJTUTUKAIBIK KACHETTEp KOPCETE i IeN KOPBITHIH/IBI )Kacal/Ibl.

Tyiiin ce3nep: Tabury 1eonuT, MOAUGHUINPICY, TEKCTYpa, MOP(HOIOTHS, KBIIIKbLI-
JBIK, KPEKMHT KaTali3aTopIIapsl.

Pe3rome

K. A. Kaoupbexos, /. K. Kambaxun, A. K. Kaoupbexos,
A. V. Aumypees, K. U. Umanbexos

3AKOHOMEPHOCTHU ®OPMHNPOBAHI S AKTUBHBIX 1 CEJIEKTUBHBIX
KATAJIMTUYECKUX CUCTEM HA OCHOBE KJIMHOIITUJIOJIMTA
JJIA TTPOLIECCOB KPEKUMHTI'A TSKEJIBIX YIJIEBOAOPOJOB

C mpuMeHeHHeM COBpEeMeHHBIX (m3mueckux meronoB (POIC, COM, I1OM, BIOT)
BBISIBJICHBI 3aKOHOMEPHOCTH (POPMHUPOBAHUS KaTaJIUTHUYECKUX CHUCTEM Ha OCHOBE KIIMHO-
OTHJIOJIHUTA /IS TIPOIIECCOB KPEKUHTa YIIIEBOIOPOIOB IIPH MOIUGDHUIIMPOBAHUH UX Pa3IHy-
HBIMH TIO TIpUpOJie KuciaoTamu. [loka3aHo, 4To B pe3ysibTaTe aKTHBHOT'O B3aWMOICUCTBUS
MOIU(GUKATOPOB C TMOBEPXHOCTHIO OOPA3YIOTCSI HOBBIC CTPYKTYPBI, KOTOpBIC BEAYT K
3HAUUTENBHOMY POCTY yJAEIbHOU MOBEPXHOCTH W KaTaIUTHUUECKON aKTUBHOCTU. JleTasb-
HOE M3y4YeHHE MMOBEPXHOCTH IieonnTa MetogoM [1OM BP mokazano oOpa3oBaHue ycTo-
YUBBIX CTPYKTYp KJIACTEPOB, KOTOPHIC YACTUYHO BHEAPCHHI B 00BhEeM IeonmuTa. PasMepsl
STUX KJIACTEPOB COCTABIISIIOT 1-2 HAHOMETPOB M OHHM JOCTYIHBI JAJisl pearupyrolux Be-
miectB. CuuTaercs, 4TO NMPH HAHECEHWHM W B PE3yJIbTaTe NMPOKAJIMBAHMS KaTalH3aTropa
JOCTUTAETCS TIEPEBO YACTHIL T€TEPOTIOIUKHICIOTH B BRICOKOAUCIIEPCHOE COCTOSIHUE, TIPH
KOTOPOM Yy YacCTHI] TeTEPOIMOIMKUCIOTH MOSBIIIOTCS OCOOBIE aIcOpOIMOHHBIE M Kara-
JIMTUYECKUE CBOMCTBA.

KiroueBble cj10Ba: MPUPOIHBIA 1IEOJUT, MOAU(DUIIUPOBAHUE, TEKCTypa, MOP(OIIO-
THUSl, KHCIIOTHOCTh, KaTaIM3aTOPhl KPEKUHTA.
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FLUOROBENZOATES OF 1-PROPYL-4-KETOXIMEPIPERIDINE
AS POTENCIAL LOCAL ANESTHETICS

Abstract. p-Fluoro-, m-fluoro-, o-fluorobenzoates of 1-propyl-4-ketoximepiperidine,
displaying a local anesthetic activity in varying degrees, have been synthesized. An intro-
duction of fluorine leads to the formation of local anesthetics of different efficiency.
Depending on the position of a fluorine atom in the phenyl ring, the greatest activity has
been displayed by p-isomers, then o-isomers, whereas m-fluorobenzoates have proved to
be less active.

Key words: p-fluoro-, m-fluoro-, o-fluorobenzoylcarbonylchloride, N-propylpiperi-
dine-4-ketoxime, esters, 1-propyl-4-(p-fluoro-, m-fluoro-, o-fluorobenzoyloxyimino)pipe-
ridine, local anesthetic activity.

Elimination and prevention of a pain syndrome is a pressing problem of
medicine. One of the most important directions for its solution is the development
and creation of medicinal preparations of a local anesthetic activity. In surgery,
when general anesthesia is not the only possible anesthetic method, it is expedient
to apply the methods of infiltration and conduction anesthesia as the simplest and
most secure ones. In recent times, the proportion of local anesthesia has especially
increased, which is connected with the new notions of the role of local anesthesia,
as well as the emergence of new effective “green” local anesthetics [1, 2].

The modern period of the development of organic chemistry demonstrates
not only a potential of organic synthesis, but also its importance for the develop-
ment of both chemistry in general and many related fields of science and practice,
in particular, the provision of the mankind with medicines. Due to a high phy-
siological activity of azacyclanes, in particular, piperidine derivatives, these
studies acquire the status of one of the topical tasks of modern chemistry, biology
and medicine [3, 4].

The most characteristic derivatives of 4-oxopiperidines are azomethins,
including oximes. Oximes of carbonyl compounds and their derivatives are well
known as one of the main classes of organic substances, which are promising in
searching for new biologically active preparations of broad spectrum [5-7].

In this connection, the task of this work has been defined as the synthesis of
oxime and its acyl derivatives, in particular, fluorine-containing derivatives on the
basis of N-propyl-4-oxopiperidine (1).
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Upon the interaction of hydrochloric hydroxylamine with 1-propyl-pipe-
ridine-4-one (1) in the presence of alkali in isopropanol, an oxime has been
obtained (2).

With the purpose to determine the effect of the introduction of a fluorine
atom on a pharmacological activity of the compounds, the corresponding esters
(3-5) have been synthesized by acylation of the obtained oxime (2) with 4-
fluorobenzoyl chloride, 3-fluorobenzoyl chloride and 2-fluorobenzoyl chlorides.
The reaction has been carried out in absolute dioxane upon heating, with the ratio
of ketoxime : acylating agent as 1:1.5.

)i
0 1|TOH (") N-0-C-R
[ j NH,OH - HCI [ j R=C-CI
—_— —_—
1}1 N N7HCI
CHz‘CHZ_CH:; EHZ_CHZ_CH:; HZ_CHZ_CH3
1 2 3-5

e e )
F F

The obtained appropriate hydrochlorides of aminoesters (3-5) represent white
crystalline substances.

The yields, melting points, Rrand IR spectra data (absorption bands of ester
carbonyl as the most characteristic features for esters and C=N) are presented in
table 1.

Table 1 — The yields and physical and chemical characteristics of hydrochlorides
of 1-propylpiperidin-4-ketoxime fluorobenzoates.

Compound | Yield, | Ry | Melting point, IR-spectrum, cm’! Molecular
% °C C=N C=0 ester formula
61.0 0.72 170-172 1639.3 1751.2 Cy5HpoN,O,FCl
4 46.8 0.7 159-161 1659.8 1740.2 Cy5HpoN,O,FCl
44.5 0.69 169-171 1654.4 1752.4 Cy5Hp0N,O,FCl

It has turned out that oximes of N-substituted 4-ketopiperidines are most
easily acylated with p-fluorobenzoyl chloride; fluorine in the o-position of the
benzene ring deactivates the process to the greatest extent. Accordingly, p-fluo-
robenzoates have been obtained with the best yields, m-fluorobenzoates have
fallen in between, o-fluorobenzoates have been formed with the least yields. The
optimum ratio of alcohol/oxime:fluorobenzoate is 1:1.5. The best yields of
fluorobenzoates have been obtained when using dioxane as a solvent.
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C NMR spectra have proved to be most informative for the determination
of the structure of hydrochlorides of ketoxime fluorobenzoates of 1-propylpi-
peridine-4-one (table 2).

The occurrence of a signal of carbonyl carbon in the weak field (153-172 ppm)
testifies to the formation of ester. The C4 atom of the piperidine cycle of ketoxime
fluorobenzoates also resonates in this field. The different position of a fluorine
atom is confirmed by a shift of a signal of the corresponding aromatic carbon to
the weak field (160 ppm). The carbon atoms of the piperidine cycle and substi-
tuents at the nitrogen atom appear in the expected field.

Table 2 — The values of chemical shifts of the carbon atoms in the *C NMR spectra
of hydrochlorides of 1-propylpiperidine-4-ketoxime fluorobenzoates (3, ppm.)

Compound Cys Css Cy C=0 C¢HLF C-F N-R
3 | Geso | 2sor | 16292 [16242 | R0 O s
4 | Goes | asos | 16328 (16132 | LT 52
> 1%.158; 221.81? 162.70 | 153.30 111372'.(:155_ 121_23 57%191;21C71.§128;C11%50

Study of a biological activity. An experimental study of a specific activity
of hydrochlorides of 1-propylpiperidine-4-ketoxime fluorobenzoates under the
laboratory codes LAS-202 — LAS-204 (LAS — Local Anesthetic Substance) has
been carried out upon infiltration and conduction anesthesia at the Department of
Pharmacology of S.D. Asfendiyarov Kazakh National Medical University, using
the methods of primary screening, recommended by the RK Pharmacological
Committee and Guidelines for experimental (pre-clinical) study of new pharma-
cological substances [8].

I i i
T\II—O—C@F N—0—C T\II—O—C

F F
N"Hal N"Hal N HCl
CH, CH, CH; CH, CH, CH; CH, CH, CH;
LAS-202 LAS-203 LAS-204

It has been established that all studied compounds display a certain effect
(table 3). The greatest most activity is marked in case of LAS-202 (hydrochloride
of 1-propyl-(4-fluorobenzoyloxy)-4-ketoximepiperidine), which in 0.25% solu-
tion by its strength (anesthesia index) is equal to trimecaine, and statistically sig-
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nificantly exceeds the indices of lidocaine and novocaine by a factor of 1.4 and
1.3, respectively.

The duration of total anesthesia under the effect of LAS-202 has made up
19.6 min, like that of trimecaine, exceeding the values of lidocaine and novocaine
by a factor of 1.38 and 19.6, respectively. The “transfer” of fluorine to the m- and
o- positions results in the reduction of an anesthetic effect of the fluorobenzoates
of piperidineketoximes.

The duration of total anesthesia is approximately the same for all studied
compounds. The compounds LAS-202, LAS-203, LAS-204 are statistically signi-
ficantly more active than trimecaine by a factor of 1.4, have the same effect as
that of lidocaine, and are more efficient as compared with novocaine by a factor
of 1.9. The total effective duration of LAS-202 is within the range of 162 min,
which is 2.9 times higher than that of trimecaine, lodocaine and novocaine. The
compound LAS-203 falls in between by its activity.

Table 3 — Activity and effective duration of action of LAS-199 — LAS-204

Infiltration anesthesia Conduction anesthesia
0.25% 1.0 %
Compounds Anesthesia | Total anesthesia Effective Total anesthesia Effective
index, duration, duration, duration, duration,
M+m min min min min
LAS-202 32.7+0.8 19.6+£2.38 53,33+1,66 69.16+2.37 161.3£13.6
LAS-203 30.2+1.32 13.8+£0.91 40.8+3.01 65.0+3.1 145.8+11.7
LAS-204 28.84+2.98 15.0+£3.42 46.7+8.26 67.5£3.19 84.1+4.2
Trimecaine | 33.6+0.33 20.0£1.7 38.3£1.05 47.3+£8.4 56.9£12.8
Lidocaine 23.1+0.9 14.2+0.8 30.8+0.8 65.0£18.4 90.8+18.4
Novocaine 25.0£1.0 10.0£1.2 29.1+1,5 35.2+7.1 42.3+13.6

Thus, fluorobenzoic esters of piperidineketoximes cause profound and
prolonged anesthesia, the introduction of fluorine leads to the formation of local
anesthetics of different efficiency. Depending on the position of a fluorine atom in
the phenyl ring, the greatest activity has been displayed by p-isomers, then
o-isomers, whereas m-fluorobenzoates have proved to be less active.

EXPERIMENTAL CHEMICAL PART

The course of the reaction and individuality of the compounds are controlled
by TLC on aluminum oxide of the III degree of activity, with the development of
spots by iodine vapors. The IR spectra are recorded on a Nicolet 5700 spectro-
meter in KBr tablets and between KBr plates. °C NMR spectra of the studied
compounds in CDCl; are recorded on a JINM-ECA400 spectrometer, manufac-
tured by JEOL firm, with an operating frequency 100 MHz at the carbon nuclei.
An internal standard is HMDS. The data of elemental analysis of all synthesized
compounds are presented in the corresponding tables in the experiment discussion.
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Hydrochloride of I-propyl-4-(p-fluorobenzoyloxyimino)piperidine. 1.5 g
(0.01 mol) of oxime of 1-propylpiperidine-4-one is dissolved in a small quantity
of absolute dioxane, then 2.27 1 (0.02 mol) of hot solution of p-fluoroben-
zoylchloride in absolute dioxane is slowly added dropwise, while stirring, to the
solution. Herewith, a white precipitation is immediately observed. The reaction
mixture is held for 24 hours at the room temperature. The course of the reaction is
controlled by TLC. The reaction mixture is washed by diethyl ether and the
precipitation is filtered, recrystallized from isopropyl alcohol. 1.93 g (61 % of the
theoretic value) of hydrochloride of I-propyl-4-(p-fluorobenzoyloxyimino)pi-
peridine is obtained, mp of 170-172°C, R of 0.85 (ALO;, eluent - benzene :
dioxane - 4:1).

Found, %: C 5699, H 6.32. C]5H20C1FN202.

Calculated, %: C 57.23; H 6.40.

Hydrochloride of I-propyl-4-(m-fluorobenzoyloxyimino)piperidine. 1.5 g
(0. mol) of oxime of 1-propylpiperidine-4-one is dissolved in a small quantity of
absolute dioxane, then 2.27 1 (0.02 mol) of m-fluorobenzoylchloride in absolute
dioxane is slowly added dropwise, while stirring, to the solution. As the solution
is cooled the white precipitation is observed. The reaction mixture is held for
24 hours at the room temperature. The course of the reaction is controlled by
TLC. The reaction mixture is washed by diethyl ether and the precipitation is
filtered, recrystallized from isopropyl alcohol. 1.47 g (46.8 % of the theoretical
value) of hydrochloride of 1-propyi-4-(m-fluorobenzoyloxyimino)piperidine is
obtained, mp 159-161°C, Rrof 0.7 (Al,Os3, eluent - benzene : dioxane - 4:1).

Found, %: C 57.59; H 6.29. C,sH»,CIFN,O,.

Calculated, %: C 57.23; H 6.40.

Hydrochloride of 1-propyl-4-(o-fluorobenzoyloxyimino)piperidine. 1.5 g
(0.01 mol) of oxime of 1-propylpiperidine-4-one (2.2) is dissolved in a small
quantity of absolute dioxane, then 2.27 1 (0.02 mol) of hot solution of o-flu-
orobenzoylchloride in absolute dioxane is slowly added dropwise, while stirring,
to the solution. The reaction mixture is held for 24 hours at the room temperature.
Several drops of diethyl ether are added to the solution, and a white precipitation
is formed. The course of the reaction is controlled by TLC. The reaction mixture
is washed by diethyl ether and the precipitation is filtered, recrystallized from
isopropyl alcohol. 1.4 g (44.5 % of the theoretic value) of hydrochloride of I-
propyl-4-(o-fluorobenzoyloxyimino)piperidine is formed, mp of 169-171°C, R;of
0.7 (ALLOs, eluent - benzene : dioxane - 4:1).

Found, %: C 57.09; H 6.35. C,sH,,CIFN,O,.

Calculated, %: C 57.23; H 6.40.

EXPERIMENTAL BIOLOGICAL PART

The studies have been carried out on guinea-pigs by the Bulbring and Wade
method and on rats by the “tail flick” method. The infiltration method is based on
the principle of summation of the threshold mechanical stimuli, applied with a
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certain rhythm, and allows one to estimate the intensity of an anesthetic effect.
Each concentration has been tested on 6 animals. The average values of the
results of the studies during 30 min have been taken as an anesthesia index.
Compounds and reference preparations (novocaine, lidocaine, trimecaine) have
been compared by the time of anesthesia onset, the duration of total anesthesia,
and the total duration of an anesthetic effect of the preparation.

1. An infiltration anesthetic activity has been studied by the Bulbring and
Wade method on guinea-pig males with the weight of 200-250 g. 0.2 ml of
isotonic solutions of the compound under study and reference preparations have
been introduced intracutaneously in four points (at the angles of a square 3 cm on
a side) in the dorsal area of each animal, having preliminarily removed the hair
covering. A local anesthetic activity has been estimated 6-8 times for each of the
selected concentrations. Sensitivity at the place of introduction has been deter-
mined by touching with an obtuse injection needle, in series of 6 touches with the
intervals of 3-4 after each 5 min, during 30 min. The profundity of anesthesia,
expressed in ‘anesthesia indices” (the average of 6 experiments, the maximum
index — 36), the duration of total anesthesia and the total duration of an anesthetic
effect have been determined. The activities of the compounds have been com-
pared with that of the reference preparations — trimecaine, lidocaine and novo-
caine in the corresponding concentrations. The compound and reference prepa-
rations have been tested in 0.25% solutions.

2. Conduction anesthesia model. The modified “tail flick” method on rats.
The “tail flick” method has been developed at the of Pharmacology of I.P. Pavlov
St. Petersburg State Medical University. This method allows one to determine the
rate of anesthesia onset, its profundity, the duration of total anesthesia, and the
total duration of an anesthetic effect of the preparation. The activities of the com-
pounds and reference preparations have been studied in 1% solutions. The study
has been carried out on white outbred rat males with the weight of 200-250 g.

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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XKXEPT'UIIKTI AHECTE3UAJIBIK BEJICEHI
1-ITPOITNJI-4-KETOKCUMITUITEPUJIMH ®TOPBEH30ATTAP

Typni neHreiizeri keprilikTi aHecTE3MsUIBIK OeJNCeHIUTIK KepceTeTiH 1-mpormn-4-
KETOKCHMITUIIEPUANHHIH T-PTOp, M-(hTOp, 0-pTOp-OeH30aTTaphl cUHTE3ACHIl. DTOpIbI
€HTI3Y JKEePTLUTIKTI aHECTETUKTEPre dPTYPIl THIMAUTIK AopekeciMer okenei. DeHu caku-
HacBhIHAA (PTOP aTOMBIHBIH OpHBIHA OAMITAHBICTHI €H KON OCICEHIUTIKTI Tapa-u3oMepiep
KOpCEeTTi, ColaH KeiiH opTo- XoHe a3 OenceHni meradropobenzoarrap OOIIIbL.

Tyiiin ce3nep: n-drop, M-drop, o-prop-6eH30mIKapOOHIITXTOpH, N-TIPOTIHIITHTIE-
puanH-4-0H, Kypaemr s¢upnep, 1-mponmn-4-(m-hTop-, M-GTOp-, 0-PTOPOCHIOMITOKCHUMH-
HO)[TUIICPUANHACD, KEPTUTIKTI aHECTE3MSUTBIK OSIICCHILTIK.
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®TOPBEH30ATBI 1-ITPOITNJI-4-KETOKCUMIIUITEPUIHA
C MECTHOAHECTE3UPVYIOIEN AKTHBHOCTbBIO

CuHTe3upoBaHsl n-GpTop, M-hTop, 0-hTop-6eH30aTH 1-TIpoNHI-4-KEeTOKCUMITUTICPH-
JIMHa, TPOSIBUBIINE B Pa3HOW CTEIIEHH MECTHOAHECTE3HPYIOLIYI0 aKTHBHOCTh. BBeneHue
(dTOpa MPUBOANT K MECTHBIM aHECTETHKAM C Pa3IMYHON cTeneHbo 3¢ dexTruBHOCTH. B 3a-
BUCHUMOCTHU OT IIOJIOKECHUS aTOMa Q)Topa B q)eHI/IJ'lBHOM KOJIBIIC HaI/I6OJ'lBH_Iy}O AKTUBHOCTH
MOKa3alu napa- U30Mephl, 3aTeM opmo- U MEHee aKTUBHBIMU ObUTH Mmema- (HTOpOEH-
30aThlI.

KiroueBnie cioBa: n-¢ptop, M-GTOp, 0-PTOp-0CH30MITKAPOOHIIXIOPU, N-IIPOTHJI-
MTUIEePUANH-4-0H, CIOXHBIE 3Qupbl, 1-nponui-4-(n-¢pTop-, M-pTop-, 0-PTOPOEH3OMIOK-
CHUMUHO )[TUIIEPHIMHBI, MECTHOAHECTE3UPYIOIIAst aKTHBHOCTb.
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SORPTION OF LEAD CATIONS (1)
BY ACID-MODIFICATED
ZEOLITE IN ALKALINE MEDIUM

Abstract. A systematic analysis of the sorption properties of acid-modified zeolite
was carried out in alkaline (pH 8.5) medium with respect to Pb>" cations. The interaction
of time, temperature and concentration of lead on the sorption capacity of acid-modified
zeolite was established. The sorption curves depending on temperature and concentration
of Pb®" ions have extreme character. The appearance of the maximum or minimum on the
lead sorption curves probably due to saturation of modified zeolite with lead cations under
these conditions, consequence, a decrease in its sorption properties. This process, in turn,
is caused by the desire of the system to equilibrium, where the concentration of lead is
equalized in both phases. The optimal conditions for sorption of Pb (II) cations in an
alkaline medium with an acid-modified zeolite corresponding to the maximum degree of
their absorption (99.8-99.9%) were determined.

Keywords: alkaline medium, lead cations (II), heavy metals, acid-modified zeolite,
sorption.

Introduction. In recent years sorption methods for the purification of
aqueous media and wastewater by using of modified natural zeolites have become
widespread [1, 2]. The acid activation of natural zeolites is accompanied by the
process of dealumination, as a result, the channels of zeolite framework are un-
blocked, which leads to an increase in Si/Al ratio, the formation of silanol groups,
an increase in the effective size of micropores, and an increase in exchange
capacity of zeolite [3-9]. The exchange acid centers appear in the zeolite structure
due to acid activation. When acid is activated by appearance of active in the pro-
cess of sorption of H" exchange acid centers and the displacement of aluminum
(AI’") into exchange positions, more favorable arrangement of active sites for the
interaction of reacting substances are created. In addition, at acidic treatment of
zeolite the silica increases the specific surface area and porosity of the activated
samples and removed impurities blocking the channels [10]. The stability of
silica-alumina skeleton of high-silica zeolites to the action of acids has increased
the possibilities of regulating their properties by decationization and dealumi-
nation under various conditions of acid treatment.

It has been found that acid-activated clinoptilolite tuffs are shown high sorp-
tion properties, for example with respect to phenylalanine [11, 12] and formalde-
hyde [13, 14], which is their practical application in the purification of contami-
nated media. A method for extracting a-tocopherol from vegetable oils based on
high selectivity of acid-activated clinoptilolite to a-tocopherol from an ethanol
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solution was developed and proposed [15]. Modification of natural zeolites
with acids increases their efficiency of extracting NH," ions from various media
[16, 17]. It was shown that acid-activated natural clinoptilolite (Sokirnitsky de-
posit, Ukraine) shows a growth in sorption capacity with respect to SO, molecules
[18]. Obviously, this is due to the reduction in the main (donor) surface centers
(potential centers of adsorption of acceptor molecules SO,), as a result of action
of protonic acid. Detailed studies by the authors of [19] and carried out in [18]
showed that the samples of Bulgarian clinoptilolite, treated by boiling for 4 hours
in 2N, 4N, 6N and 8N hydrochloric acid behave differently in the adsorption pro-
cesses of SO,. For H-Cl (4N HCI) samples protective action time and amount of
adsorbed SO, were maximum. However for the sample of H-CI (8N HCIl), these
values were lower than natural clinoptilolite. The authors associate the obtained
results with an increase in the degree of dealumination and partial destruction of
the zeolite crystal lattice [19]. Acid treatment of natural zeolite allows to obtain
more efficient sorbents in relation to phosphates, fluorine, cations of iron (III),
aluminum (III), and heavy metals [20-22].

A negative influence of temperature on the process of acid activation of
clinoptilolite was revealed in [23]. Activation of clinoptilolite of Bigadis deposit
(Turkey) with 5 M hydrochloric acid at 25, 40 and 100 °C reduces the content of
cations in aluminosilicate, the amount decrease by increase of the temperature.
However, there is no complete removal of exchange cations and aluminum.

A number of alkaline production effluents contain in dissolved form inor-
ganic impurities such as Fe, Mg, Pb, As, Cu, Mn, Ni, etc. Lead ions among pre-
vious cations-impurities are toxic, which are capable to concentration and accu-
mulation in soil, wastewater, groundwater, and in the human body [24-26]. For
the purification of contaminated alkaline media application of acid-modified
zeolites is perspective due to an increased exchange capacity.

From the review it is clear that acid modification of natural zeolites of va-
rious deposits increases their sorption properties. However, the sorption capacity
of obtained sorbents is determined by the nature of used zeolite, temperature and
other factors of the process.

The aim of the work was to study the influence of the sorbent norm, time,
temperature and concentration of Pb>" cations on the process of their sorption
from an alkaline medium by acid-modified zeolite.

EXPERIMENTAL PART

In this research was used zeolite of the Shankanay deposit modified by 15%
hydrochloric acid. The sorption capacity of acid-modified zeolite with respect to
lead was studied under stirring conditions in thermostat reactor which was eva-
luated by change in content of Pb*" cations in solution, i.e. with the difference in
the initial and residual concentration of lead (after the completion of the process).
The degree of sorption (extraction) is the ratio of difference between the initial
and reached concentration of Pb (II) cation at fixed time to its original content.
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Initial and final concentrations of lead ions in solutions were analysed by using an
atomic absorption spectrophotometer (AA-7000, Shimadzu Corporation, Japan),
Ne A30664901456.

Studying of sorption process of lead (II) cations was carried out in lead-
containing aqueous solution with pH of 8.5, which created with 1 N sodium hyd-
roxide solution. The predetermined concentration of Pb>" cations was obtained by
introducing in the alkaline solution estimated quantity of acetic acid-lead Pb
(CH3CO0O0), 3H,0.

The effect of the norm of acid-modified zeolite on its sorption capacity was
investigated by an alkaline solution at room temperature where concentration of
Pb equal to 49.1 mg/l. The sorbent consumption was varied from 2.5 to 30 g per
100 g of purified alkaline solution. The sorption process was carried out at room
temperature for 30 minutes.

The degree of purification of various media significantly depends on time,
temperature, and concentration of Pb>" cations. Quantitative determination of such
a complex dependence carried out by method of mathematical planning of the
orthogonal rototable 3 factorial experiment of the 2nd order [27]. Variable (input)
factors of the process were: time (Z;, min), temperature (Z,, °C), and Cpy, (Z3, mg/1).
The selected levels of factors and range of their variation are given in table 1.

Table 1 — Coordinate center of the plan, levels of variation

Parameters Z,, min 7,,°C 73, mg/L
Upper level (+1) 48,9 59,9 81,8
Center of the plan - zero level 9 32,5 45 55
Lower level (-1) 16,1 30,1 28,2
Interval of variation along the axis (AZ;) 16,4 14,9 26,8
Star point (+1,682) 60 70 100
Star point (-1,682) 5 20 10

The changes in the concentration of Pb (II) cations indicated in the table
correspond to possible range of their presence in contaminated solutions and
wastewater.

Defined (output) parameter Y, (response) was residual content of Pb>" ions
in studied system "Pb*" - alkaline medium - acid-modified zeolite" after sorption
of lead by sorbent.

RESULTS AND DISCUSSION

Studying of effect of the norm of acid-modified zeolite on its sorption
capacity with respect to Pb (II) cations in an alkaline medium (pH 9) revealed,
increasing in the sorbent consumption from 2.5 g to 5 g per 100 g of purified
solution the sorption rate rised from 98.28 % to 99.95% (by 1.67%). Further
increase in sorbent consumption practically has no effect on the degree of alkaline
purification from lead. The optimal ratio "modified zeolite (T): alkaline solution
(G)" is 5:100.
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Studying of the sorption of Pb*" cations depending on its concentration, time
and temperature carried out at constant ratio of S:L equal to 5:100.

Based on the coordinates of the center of plan, variation levels and planning
matrix (table 1, 2), experiments carried out with the appropriate conditions for

studying of Pb*" cations sorption by an acid-modified zeolite in an alkaline

medium. The results are shown in table 2.

Table 2 — The residual content of Pb*" cations and degree of their sorption

by acid-modified zeolite in alkaline medium

" The natural value of experiments The content of Pb*"
X;, min X,, °C X3, mg/l The residual content of Pb*", mg/L Ks, %
1 0,03 99,88
2 48,9 30,1 28,2 0,09 99,65
3 16,1 59,9 28,2 0,03 99,88
4 48,9 59,9 28,2 0,03 99,88
5 16,1 30,1 83,7 0,03 99,96
6 48,9 30,1 83,7 0,03 99,96
7 16,1 59,1 83,7 0,79 99,06
8 48,9 59,1 83,7 0,93 98,95
9 5 45 55 1,03 98,19
10 60 45 55 0,93 98,37
11 32,5 20 55 1,06 98,14
12 32,5 70 55 6,78 87,95
13 32,5 45 10 2,25 79,73
14 32,5 45 100 14,8 84,10
15 32,5 45 55 0,06 99,89
16 32,5 45 55 1,21 97,87
17 32,5 45 55 1,02 98,21
18 32,5 45 55 1,18 97,93
19 32,5 45 55 0,86 98,49
20 32,5 45 55 1,65 97,11

After the processing of the results and the elimination of insignificant
coefficients, obtained by regression equation allows calculating the residual
content of Pb (II) cations in the alkaline medium after the end of the sorption pro-

cess by acid-modified zeolite also describes dependence of the residual content of

Pb (II) cations on investigated process parameters:

Yoy, = 0,339+0,089X,+0,106X5+0,136X,°+0,109X,°+0,158X5°+0,200X, X3
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The regression equation checked with Fisher criterion by comparing the
variances. It is found that F<F 1_1[,(f1,f2)=Ypb2+ 1,204<4,699), so that the equation
adequately describes the experiment.

Analysis of regression equation showed that cleaning the solution with an
acid-modified zeolite, the residual content in the liquid phase of system "Pb*" -
alkaline medium - acid-modified zeolite" is a function of all investigated variab-
les. However their effect is different. Thus, in the regression equation, the time ef-
fect is represented only by positive quadratic value (X;%). The time factor affects
independently on the output parameter and increasing coefficient by value higher
than the coefficient of temperature factors (X,) and concentration of lead cations
(X3).

The considered interference of factors and their effect on the response is well
demonstrated by following graphs. It can be seen from Figure 1a, b by increasing
purification process duration of an alkaline solution with a low concentration of
Pb>* (10-28 mg/L) at all temperatures reduces its residual content in liquid phase
of the system. The most intensive sorption process takes up to 30 minutes. Increa-
sing of process time from 30 to 50 min has no effect on the change of lead con-
centration in solution with Cp, = 10 mg/L (figure 1, a), but leads to an increase in
its residual content in the solution of Sp, = 28 mg/L (figure 1, b). Thus, at 20°C
after 5 min of process there is 0.92 mg/L of Pb*", after 16 min - 0.72 mg/L of
Pb*", after 32 min - 0.46 mg/L of Pb>", after 60 minutes - 0.60 mg/L Pb*". Accor-
dingly, the degrees of sorption are 96.7; 97.44; 98.36 and 97.87%, i.e. with the
increase in the duration of the process, there is a tendency to reduce the sorption
capacity of sorbent.

b
14
% 12
Figure 1 — i o
Influence of time on residual content fos e
of Pb (II) cations fios i

in liquid phase of system "Pb”" - alkaline
medium - acid-modified zeolite":
a—10 mg/L, b —-28 mg/L, c—82 rng/L o 10 20 a0 40 50 60 70
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Increasing of process time has a detrimental effect on the purification of
more concentrated lead-containing alkaline solutions (81.8-100 mg/L Pb), which
contributes to the growth of the residual content of Pb*" ions in the liquid phase of
system (figure 1, c). For example, the process starting from 16-20 minutes and up
to 60 minutes in an alkaline solution containing 100 mg/L of Pb cations at 20°C,
the degree of lead sorption by an acid-modified zeolite decreases by 1.4%. In this
case, increasing the process time has a negative effect on the sorption of lead.

According to the regression equation describing the dependence of the
residual content of Pb (II) cations on investigated process parameters, it follows
that temperature effect on the degree of sorption of Pb>" ions is complex and is
represented by positive values of the linear factor X,, quadratic X,>, double inter-
action of temperature and concentration of Pb cations (X,X;). Since in equation
before the coefficient of variable X, there is a “plus” sign, the temperature factor
affects the output parameter not only as double interaction with the third factor
(Cpp), but also independently and directly proportional with. Comparison of
coefficients of considered factor X, shows its practically equivalent effect along
with the first X; (time) and the third X; (Cpy) factors. A somewhat larger effect is
exerted by the factor of double interaction X,X; (temperature and Cp,). Appa-
rently, lead adsorption is exerted by influence of temperature and concentration of
Pb”" cations.

Analysis of the obtained results revealed that the curves dependence of
residual content of Pb>" cations on temperature have extreme character (figure 2).
At the same time, the influence of temperature, lead concentration and time on
purification of alkaline solutions with low (10 mg/L) and high (100 mg/L) con-
centrations are noted (figure 2, a, ¢). Wherein the sorption curves at 45°C in the
range of 5-16 min in solutions with Cp, = 10 mg/L have a minimum, and in the
range of 32-60 min have maximum, while in solutions with Cp, = 100 mg/L on
sorption curves in the indicated time limits are characterized by the presence of
maximum and minimum. In the first case growth of temperature up to 45°C has a
positive effect, as the residual content of Pb*" cations decreased (the degree of
sorption increases), and in the second case - negative one, since the concentration
of Pb*" ions in the system raised (the sorption degree decreases).

In systems the sorption curves throughout the studied time interval are cha-
racterized by a minimum at 45°C when Cp, equal to 28-82 mg/L (figure 2, b).
Raising of temperature to 45°C has positive effect. Above noted temperature the
degree of sorption of lead decreased. For example, 97.63% Pb is sorbed in 16
minutes at 20°C, at 45°C - 98.98% Pb and at 70°C - 97.55% Pb.
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Figure 2 — Effect of temperature on residual content of Pb (II) cations
in the system "Pb** - alkaline medium - acid-modified zeolite":
a— 10 mg/L Pb*"; b — 28 mg/L Pb*" ; ¢ — 100 mg/L

Appearance of the maximum or minimum on the sorption curves is probably
due to the saturation of acid-modified zeolite with lead cations under these con-
ditions, consequence, deterioration of its sorption properties. This process caused
aspiration of system to equilibrium where the concentration of lead in both phases
is equalized.

According to the regression equation, the effect of concentration of Pb**
cations on their sorption by an acid-modified zeolite is represented by positive
linear (X3) and quadratic (X5°) factors. Compare with contact duration of the sor-
bent with purification of alkaline solution this suggests a more complex effect of
concentration of lead in solution on the process of their sorption. If we compare
the values of lead concentration factors X, and time Xlz, then for X,° (time) its
value is several higher, but this is somewhat balanced by the close values at
coefficients (X3) and (X5°) corresponding to the concentration of lead ions.

The sorption curves of lead depending on their concentration (figure 3) have
similar character to the sorption curve by temperature (figure 2). So the curves
have extreme character with min or max at 55 mg/L Pb. Moreover, the sorption
curves at low temperatures (20°C) obtained in the interval of 5-50 min, which
characterized by the presence of min and at 60 min - max (figure 3, a), at higher
temperature (70°C) is prescribed min on the curves in the interval of 15 -60 min,
and max - at 5 min of the process (figure 3b).
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Figure 3 — The effect of Pb (II) cations concentration on its residual content
in the system of "Pb*" - alkaline medium - acid-modified zeolite":
a—20°C; b-70°C

So, at 20°C up to 50 min with increasing of Cpy, to 55 mg/L, lead sorption
degree (K.) increased, and with a further increase K. Cp, decreased. However,
simultaneous increase in Cp, and time (60 min) decreased the sorption degree
reaching to minimum at 55 mg/I Pb, then increased with raising of Cpy,.

At higher temperature (70°C), the maximum degree of Pb sorption is also
reached in solutions with their concentration of 55 mg/L. However, for 15-60 min
and the minimum - for 5 min of the process.

The presence of maximum or minimum on the sorption curves is due to the
saturation of the zeolite, consequence, due to the deterioration of its sorption pro-
perties. This process, in turn, may be caused by the desire of the system to equi-
librium, where the concentration of copper in both phases is equalized. So that the
appearance of maximum on the sorption curves is due to the desorption process,
when under these conditions took place exit of the sorbed cations from zeolite
back to solution [28].

When determining the optimum conditions for sorption of Pb*" cations by an
acid-modified zeolite from an alkaline medium, it is necessary to consider tem-
perature, lead concentration and the process time. Thus, the greatest degree of
sorption of Pb cations is achieved at 20 and 70°C in an alkaline solution with Cp,
equal to 10 and 100 mg/L, respectively, in 60 and 5 minutes (99.8-99.9%) and
with Cp, equal to 55 mg/for 16 and 48 min, respectively, at 20 and 70°C (99.6-
99.8%).

The research was carried out according to the scientific and technical program
No. BR05234667 within the framework of program-targeted financing CS MES RK.
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P. M. Yepnaxosa, P. A. Kaiivinbaesa, A. A. Aeamaesa,
K. E. Epmexosa, H. H. Kooicabexosa, 6. JK. XKycinbexos

CUITUIIK OPTAA KBIIIKBIJIMEH MOAN®UKALIMAIIAHFAH
LIEOJINT APKbIJIbI KOPFACBIH (IT) KATUOHJAPBIH COPBLIAIIAY

KBIIKBUIMEH MOAMGUKAISIIAHFAH LEONUTTIH cintimik opraza (pH 8,5) Pb*'
KaTHOHJIapblHA KATBICTBI COPOLMAJIBIK KAacHETTEpiH JKYHenl Typae Taniay >KYpri3iifi.
VYakpIT, TeMIiepatypa KoHE KOPFachlH KOHIICHTPAIMSCHIHBIH KBIIIKBUIMEH MOAU(UKa-
OUSUTaHFaH MEONIUTTIH COPOISUTBIK KaOileTiHe e3apa ocep eTETiHi aHBIKTanAbl. Temrre-
patypa MeH Pb>" HOHIaphl KOHIIEHTPALMACKIHA TOYE/Ti COPOLMAIBIK KHCHIKTAP aipBIKIIA
cunaTka ue. KoprachIHHBIH COPOLMSUIBIK KHUCHIKTAPhIHIA MaKCHMyM HEMECe MHHUMYM-
HBIH Taiga Ooyiybl OChHI JKarjaiiapia MoauduKanusIaHFaH LEONUTTIH KOPFAChIH Ka-
THOHJAPBIMEH KaHBIFybIHA, COHBIH CalapbIHAH OHBIH COPOIHSIIBIK KACHECTTEPIHIH TOMEH-
neyiHe OaiaHbICTBI 00TyBI MYMKIH. By mporiecc ©3 Ke3eriHie KYHWEHIiH Terne-TeHIiKKe
YMTBUTYBI CAJIIApBIHAH TYBIHIANIbI, HOTHXKECIH/IC KOPFAChIH KOHIICHTPAIUACHI eKi (ha3aaa
na teHeceni. Cinriik optana Pb (II) kaTHOHAAPBIHBIH KBIIIKLIMEH MOIUGUKAIMSITAHFAH
IICOJTUT apKBUIBI COPOIMsUIAHY MPOICCIHIH OHTAWIBI KaFmainapsl aHeiKTanmel. Pb (I1)
KaTHOHIApHl €H XOFApPFhl COpOImsUIaHy aopexkeciHe Pb koHmeHTparmsicer 10 skoHe
100 mr/m (99,8-99,9 %) TeH epitiHgine 5 xoHe 60 MUHYTTa, COHMai-ak Pb koHIEHTpa-
usicer 55 mr/i (99,6-99,8 %) ey epitinaine 16 xone 48 mumytra 20 xoHe 70°C Teme-
paTypana KeTemi.

Tyiin ce3nep: cintinmik opta, KopracsiH (II) xaTHOHmApEI, ayplp MeTaimap, KbIIl-
KBUIMEH MOAH(UKAIUIIAHFAaH IIEOJIUT, COPOLIHS.
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P. M. Yepnaxosa, P. A. Kaiivinbaesa, A. A. Aeamaesa,
K. E. Epmexosa, H. H. Kooicabexosa, V. JK. [icycunberos

COPBLINS KATOHOB CBUHIIA (IT)
KUCJIOTOMOAUPULIIPOBAHHBIM LIEOJIUTOM
B II[EJIOYHOM CPEJIE

[IpoBeneH cUCTEeMHBIM aHAIN3 COPOIMOHHBIX CBONCTB KHCIOTO- MOIU(HUIHNPOBAH-
HOTO IeonuTa B menounoit (pH 8,5) cpene mo oTHomeHuO K kKarnonam Pb*'. Ycramos-
JICHO B3aMMOBJIMSHHE BPEMEHH, TEMIIEPATyPbl U KOHIIEHTPAIMU CBHHIIA HA COPOLIMOHHYIO
CIIOCOOHOCTh KHCIIOTO-MOAN(UINPOBAHHOTO 1eonTa. COpOIOHHBIE KPUBBIE B 3aBUCH-
MOCTH OT TEMIIEPaTyphl H KOHIEHTPALMH HOHOB Pb”" HOCAT SKCTpeMainbHbIH XapakTep.
[osiBenne Ha KPUBBIX COpPOIMM CBHHIIA MakCHMyMa WJIH MHUHHUMYMa, BEPOSITHO, 00ycC-
JIOBJICHO HACHIIICHUEM B 3THX YCIOBUAX MOTU(PHUINPOBAHHOTO IIEOINTa KATHOHAMH CBHH-
[Ia ", KaK CJIEJCTBHE, CHIDKEHHEM er0 COPOIMOHHBIX CBOWMCTB. JIaHHBIN IpOIIecC, B CBOIO
ouepellb, BEI3BAaH CTPEMIICHHEM CHCTEMBI K PAaBHOBECHIO, ITPH KOTOPOM MPOUCXOIUT BEI-
paBHUBaHHUEC KOHICHTPAIIMU CBHUHIIA B o0enx (basax. Onpenenem)l OINTUMAJIBHBIC YCIIOBUA
npotecca copbunu katuoHoB Pb (II) kucnoroMoaudUIMPOBaHHBIM 1IEOJIUTOM B ILENOY-
HoW cpene. Hanbompimas crenens copbimu katuonoB Pb (II) mocturaercs B pactBope ¢
Cpp, paBuoit 10 u 100 mr/1 (99,8-99,9 %) 3a 5 u 60 mun u ¢ Cpp, paBHOUM 55 Mr/n 3a 16 u
48 muH (99,6-99,8 %) npu Temmeparypax 20 u 70°C.

KaioueBsbie cioBa: menouynas cpena, karuoHsl cBuHua (II), Tspkensie MeTasibl,
KHCJIOTOMOIU(HUITPOBAHHBIN IIEOJTUT, COPOLIHSL.
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NATIVE CONDITIONS AND FEATURES
OF THE GEOLOGICAL STRUCTURE OF THE TERRITORY
JSC «OZENMUNAIGAS» AND CHARACTERISTICS WORK

Abstract. Production activities of extrachon and preparation of hydrocarbon raw
materials JSC "Ozenmunaigas" has a certain impact on the components of the environ-
ment. Improvement of the ecological situation and rational economic use of natural
resources is becoming the most important state problem of the region. In this regard, the
timely assessment of the environmental condition of the territory and chemical and envi-
ronmental studies actual.

Key words: production, environment monitoring, emission, JSC "Ozenmunaigas",
geological structure, climatic conditions.

Introduction. Conducting industrial environmental control including its
monitoring is the obligatory in the use of natural resources of the Republic of
Kazakhstan.

Over the past few years, a number of important changes have occurred in the
legislation of the Republic of Kazakhstan concerning the issues of environmental
monitoring. A number of legislative and regulatory acts, such as the Law "Envi-
ronmental protection of the Republic of Kazakhstan" (1997), the Law "Protection
of atmospheric air" (2002), "Rules of organization and maintenance of the Unified
state system of monitoring of the environment and natural resources" (2001),
"Model rules of conducting industrial monitoring" (2007) and a lot of other acts,
no longer valid in connection with the introduction of the Environmental Code of
the Republic of Kazakhstanin 2007.

The item 137 of the Environmental Code of the Republic of Kazakhstan pro-
vides the concept of environmental monitoring: "State environmental monitoring
(monitoring of the environment and natural resources) is a comprehensive system
of monitoring the state of the environment, natural resources in order to assess,
forecast and control changes in their state under the influence of natural and an-
thropogenic factors [1]. "Thus, the Environmental Code identifies the terms "eco-
logical monitoring"and"monitoring of the environment and natural resources".

The content of the stateUnified monitoring system ofthe environment and
natural resources consist of the following subsystems:

— environmental monitoring;

— monitoring of natural resources;

— special types of monitoring.

The unified state system for monitoring the environment and natural
resources is implemented at three levels item 144 of the Environmental Code):
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— local (industrial monitoring and monitoring on specific areas of settle-
ments, water bodies and rivers, especially protected natural areas);

— regional;

— Republican.

According to the Environmental code of the Republic of Kazakhstan, indus-
trial monitoring (IM) of the environment (monitoring, which is carried out by the
nature user) is an element of industrial environmental control.

Environmental Code of the Republic of Kazakhstan, divides the production
environmental monitoring into the following types:

— Operational monitoring includes monitoring of the parameters of the pro-
duction process in order to ensure proper project operation and compliance with
the conditions of the production process regulations;

— Monitoring of emissions to the environment involves monitoring emissions
from sources of emissions and discharges in order to comply with the maximum
permissible emissions (MPE) and maximum permissible discharges (MPE) stan-
dards. The choice of measurement points is determined by the location of specific
sources of OS pollution;

— Impact monitoring. Monitoring of impacts is carried out when it is neces-
sary to monitor compliance with environmental legislation of the Republic of
Kazakhstan and regulations.

According to the project: No AROO05131111 JSC "Institute of Chemical
Sciences A. B. Bekturova "will be carried out work on the theme. "Production
monitoring of waste oil production for the development of resource-saving tech-
nologies." Production monitoring will be carried out in JSC "Ozenmunaigas".

Administrati on management of JSC "Ozenmunaigas" is located in the of
Karakiyan district on the Mangistau region.

Among the offices of JSC "Ozenmunaigas", there are the main production
management, which includes, first of all, the oil and gas production management
(NGDU) and the management of oil preparation and production support,perform
secondary functions that are ancillary or service nature. The main fields of the
production branch are oil and gas fields Uzen and Karamandybas with a single
field infrastructure.

In General, the branch production is growing. The water content of the ex-
tracted oil under the PF "Ozenmunaigas" does not increase significantly over time
and is steadily maintained at the level of 80%.

In the produced oil fluid, its component, is associated gas. Production of
associated gas has increased significantly over the past four years, which is pro-
bably due to the increase in gas caps of oil reservoirs.

The state of the well stock is largely reflected in the performance of field
development. As oil production increases, the operating Fund of producing wells
gradually increases, while part of the production Fund is transferred to other
categories, this is due to the fact that with a significant decrease in the production
rate of the producing well or a large water content of the produced fluid, the well
is transferred to another category or goes to liquidation.
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Table 1 — Monitoring objects of PF " Ozenmunaigas»

Branch Control
NGDU-1 Oil and gas production Department Nel
NGDU-2 Oil and Gas production Department Ne2
NGDU-3 Oil and Gas production Department Ne3
NGDU-4 Oil and Gas production Department Ne4
UPN&PO Oil preparation and production support
PF UH&E Department of ecology and chemialiration

«OMG» [ N UzenEnergoNeft

Management Whie Management of chemicals and the
environment

UOC-1-UOC-5 WellServiceControls

YPHO u TK

UAT AutomationandTelecommunicationsDepartment
UTT Departmentoftechnologicaltransport
UPTO&KO Management of production and technical services and equipment

Mining technology for oil-1, oil-2, 0il-3, o0il-4 is typical. Oil production at
Uzen and Karamandybas fieldsproduced by mechanized method, with the bulk of
the production wells (98%), equipped with deep well pumps.

This method of production is basic and is used on all oil and gas branch. At
the same time, production wells are equipped with wellhead platforms, founda-
tions for rocking machines, shgn control stations and transformer substations. It
should be noted that more than half of the production wells are in operation for
more than 15 years.

Technological scheme of oil and gas gathering oil-1, 0il-2, 0il-3, 0il-4 also is
a model, and implemented the following scheme.

The fields use a single-tube pressurized system for collecting the extracted
oil, through which the extracted fluid is supplied to the measuring unit (storage).
Measurement of the flow rate of producing wells in the storage is carried out by
the "Sputnik” installations. The number of wells connected to the measuring unit"
Sputnik " is from 6 to 20 wells.

After the installation of the metering fluid flows in the group installing GU.
At each site GU comes fluid from 2-5 measuring units. Technological equipment
GU provides the primary preparation of oil and gas, transportation of oil flooded
in the axial collector, transportation of associated gas in the axial collector.

Then on the center manifold the oil flows on UPSV NDA and to prepare it to
the quality of commodity oil.

Collection and preparation oil at NGDU (CDG-1 and CGDU somewhat dif-
ferent from the considered technological scheme and implemented according to
the project of reconstruction of the Uzen field on Blocks 2A and 3.

At the CDNG oil production is carried out mainly mechanically by means of
pumping machines, from which the extracted fluid is extracted along the single —
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tube beam closed-loop system on the swing lines to the measurement unit
"ASMA" installed on the manifold station or GU.

The oil and gas mixture is collected from a group of wells connected to the
corresponding gas or storage facility at the manifold stations (MS). From where
the averaged flow is directed to the site of the preliminary separation of the oil
and gas mixture (NS). Further, oil is sent through the pipeline for further prepa-
ration to UPSV-1.

On CDNG-10 at the flow lines of the downhole products are supplied to
three-phase metering installation with 14 taps. After the parameters are determi-
ned, the extracted oil is transported to the General reservoir to the GU. At the
group installation, all the collectors are combined into one collector, from where
the fluid enters the separator, where the separation occurs (oil, gas, water).

The dehydrated oil is pumped by pumps through the communications of the
group installation, where it is heated by a radiant furnace, to the axial collector,
and then to the UPSV-1.

Dedicated passing gas through pipelines is transported to Kazgpz. Part of the
gas is used for own production needs as fuel for furnaces and heating of premises
in winter.

Management of preparation of oil and production supply. Oil preparation
for the purpose of ensuring commodity conditions, preparation of reservoir water
and provision of fields with necessary transportation means (field collectors) for
pumping of oil and water through the fields Uzen and Karamandybas is carried
out in management of oil preparation and production support. This management:

— installation preliminary water UPSV — 1 and UPSV - 2;

— workshop ofpreparation and pumping oil;

— oil transportation and equipment repair shop;

— plant transport of process liquids.

Pre-discharge water installations UPSV-1 and UPSV-2 are designed to sepa-
rate free and partially bound water from oil by thermochemical action on water-
oil emulsion entering the pre-discharge water installation (UPSV) from the fields
of NGDU-1, NGDU-2, NGDU-3, and NGDU-4 .

Water-oil emulsion where water consisting over 80% from oil fields is fed to
the sedimentation tanks, where there is a preliminary dehydration of oil from wa-
ter 30 — 40%. Separated water up to 30-40%. Separated water from the sedimen-
tation tanks enter the RVS.

Dehydrated oil, with water content about 5%, is supplied to the KSU under
excess pressure, where gas is separated from oil.Gas is sent to the compressors,
and oil is sent to thecentred preliminary preparation of oil pipeline.

From RVS produced water is supplied to the filtration, and then to RVS
Ne2/1 and Ne2/2 and further from these tanks is pumped by pipeline to the system
of PPD.

Caught oil, RVS, No. 1/1, no 1/2 is returned to the head process.

The released gas from the KSU is sent to the compressor station and then to
the GPP.

The main production indicators of the CCA are presented in table 2.
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Table 2 — Production indicators of UWWR

Indicators The project, M’/ day Actual, m*/day
The plant capacity 45000 63 000
By oil 15 000 15 000
By water 30 000 48 000
Product water content 70-80%
Input 40% 5%
Output 5%

Shop of preparation and pumping of oil (zppn). Oil treatment at the cppnis
carried out by the method of thermochemical dehydration of oil-water emulsion
coming from the UOC-1, UOC-2 units.

Shop of preparation and pumping of oil (zppn). Oil treatment at the cppn is
carried out by the method of thermochemical dehydration of oil-water emulsion
coming from the UOC-1, UOC-2 units.

From above units obtain following commercial products:

— commercial oil;

— gas terminal stages of separation;

Here is also waste water.

Characterization of the product oil are presented 3.

Table 3 — Characteristics of commercial oil and gas

Indicators GOST or TU Note
The name GOST
or TU I group for the group | ;g 9477.65
of norm

Water, % 0,5 GOST -21534-76
Marketable GOST 510‘/’1t(em of chlorine salts, 100 GOST - 6370 -83
0il GOST 9965-76 | METE

The content of mechanical

impurities, % 0,05 TI'OCT- 6370-83
Gas enq stage Density, kg / m® 0,79
separation
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«O3EHMYHAMI'A3» AK AYMAFBIHbBIH
FEOJIOT'MAJIBIK K¥PhUIBIMBIHBIH EPEKIIEJIIKTEPI MEH
AUMAKTBIH TABUT IHAPTTAPBIHBIH CUITATTAMACHI

«O3ceHMyHaira3» AK kemipcyTeri MIMKI3aThIH OHIIPY XKOHE NalbIHAay HBICAHIAPHI-
HBIH OHIPICTIK KBI3METI KOPIIaFaH OPTAHBIH KOMITIOHEHTTEPIHE alTapibIKTall acep eTei.
DKOJOTHSIIBIK JKaFIaiIbl )KaKCapTy KOHE TAOMFU PeCypCTapIbl YTHIMIIBI A aIaHy OHip-
JIeTi eH MaHBI3BI MEMIICKETTIK MiHAeTKe aifHammbl. OcbIFaH 0alTaHBICTBI AYMaKTHIH KO-
JOTHSUTHIK JKal-KYHiH JKOHE XHMUSUIBIK-IKOJOTHSUTBIK 3epTTeyJepl YaKThUIBI Oaranay
KaXKeT.

Tyiin ce3aep: oHAIPICTIK MOHUTOPHHT, MIBIFAPBIHIBIIAP MOHUTOPHHTI, «O3eHMY-
Halira3» AK, reosorusuibik KypbuibiM, KIUMATTHIK skargainap, HI'JLY.
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XAPAKTEPUCTHUKA IMTPUPOJHBIX VCJIOBUM PAMOHA PABOT
11 OCOBEHHOCTH FEOJ'IOFI/ILIECKOFQ CTPOEHI TEPPUTOPUN
AO «O3EHMYHAMUI A3»

[TpousBosacTBEHHAS NESATEIBHOCTh OOBEKTOB JOOBIYM M MOATOTOBKU YTJIEBOJOPOJI-
HOro coIpbst AO «O3eHMyHalira3» oka3bIBacT ONPEAEICHHOE BO3ACHCTBIE HA KOMIIOHEH-
TBI OKpYy)katomeil cpeapl. O310pOBICHHE IKOIOTHYECKONH OOCTAHOBKHM M PAaLMOHAIBHOE
XO35IUCTBEHHOE MCIIOJIb30BAHME NPUPOJHBIX PECYPCOB CTAHOBUTCS ceiluac Ba)kKHEHIIEH
roCyAapCTBEHHOM 3ajaueil peruoHa. B 3Toil CBsI3UM akTyallbHbl CBOEBPEMEHHAs! OLIEHKA
OKOJIOTUYECKOr'0 COCTOAHUA TEPPUTOPHUN Y XUMHUKO-OKOJIOTUYECKUEC UCCITICTOBAHUA.

KiroueBble cjioBa: TMPOU3BOACTBEHHBI MOHHUTOPUHT, MOHHUTOPHHT 3Muccui, AO
«O3eHMyHalras», reoJornyeckoe CTpoeHne, KimuMatnaeckue ycnosust, HUY.
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T. K. JUMADILOV, R. G. KONDAUROV

JSC «Institute of chemical sciences after A. B. Bekturov», Almaty, Republic of Kazakhstan

SELF-ORGANIZATION OF POLYMER HYDROGELS
OF POLYACRYLIC ACID IN INTERGEL SYSTEMS
IN CERIUM IONS SORPTION PROCESS

Abstract. Sorption process of cerium ions by intergel systems hydrogel of polyac-
rylic acid (hPAA) — hydrogel of poly-4-vinylpyridine (hP4VP) and hydrogel of polyacry-
lic acid (hPAA) — hydrogel of poly-2-methyl-5-vinylpyridine (hP2M5VP) is studied.
Found that self-organization of PAA hydrogels is in significant influence from structure of
basic hydrogel. Absence of bulky methyl substituent in the structure of hP4VP provides
faster ionization of the hydrogels in intergel system hPAA-hP4VP in comparison with
system hPAA-hP2M5VP. Extraction degree of cerium ions of individual hydrogels of
PAA, PAVP and P2MS5VP is 63.33%, 56.67% and 50.00% respectively. At 17%hPAA-
83%hP4VP and 33%hPAA-67%hP2M5VP ratios 92.33% and 90.67% cerium is extracted.
PAA, P4AVP, P2MS5VP polymer hydrogels have not very high values of polymer chain
binding degree (52.53%, 47.00% and 41.47% respectively). Maximum values of polymer
chain binding degree in the intergel systems are observed at ratios: 17%hPAA-83%hP4VP
(binding degree is 76.59%) and 33%hPAA-67%hP2M5VP (polymer chain binding degree
is 75.21%).

Keywords: intergel system, self-organization, sorption, Ce’* ions, hydrogels, poly-
acrylic acid, poly-4-vinylpyridine, poly-2-methyl-5-vinylpyridine.

In result of previous investigations [1-6] it was found that remote interaction
of polymer hydrogels provides significant changes of their self-organization. In
this regard goal of the present work is study of impact of second component
(polybasis) on self-organization of polyacrylic acid polymer hydrogels in intergel
systems as well as study of sorption properties of intergel systems hPAA-hP4VP
and hPAA-hP2MS5VP in relation to cerium ions.

EXPERIMENTAL PART

Equipment. Measurements of optical density for further calculation of cerium
ions concentration were carried out on spectrophotometer Jenway-6305 (UK).

Materials. Studies were carried out in 0.005 M solution of 6-water cerium
nitrate. Hydrogels of polyacrylic acid were synthesized in presence of cross-
linking agent N,N-methylene-bis-acrylamide and red-ox system K,S,05—Na,S,0s.
Hydrogel of poly-4-vinylpyridine (hP4VP) (2% of cross-linking agent) was
synthesized by «Sigma Aldrich» company. Hydrogel of poly-2-methyl-5-vinyl-
pyridine (hP2M5VP) was synthesized in dimethylformamide medium in presence
of cross-linking agent epichlorohydrin. Synthesized hydrogels were put together
to create intergel pairs hPAA-hP4VP and hPAA-hP2MS5VP. Swelling degrees of
the hydrogels are: onpan)=27.33 g/g; dnpavey=3.27 g/g; ompamsvey=3.20 g/g.
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Experiment. Experiments were made at a room temperature. Study of the
intergel systems was made as follows: calculated amount of each hydrogel in dry
state was put in special glass filters, pores of which permeable for low-molecular
ions and molecules, but non-permeable for hydrogels dispersion. Then the filters
were put in glass in which salt solution presents. After that, aliquots were taken.

Methodology of cerium ions determination. Methodology of cerium ions
determination in solution is based on formation of colored complex compound of
organic analytic reagent arsenazo Il with rare-earth metals ions [7].

Cerium ions extraction degree (sorption degree) was calculated in accor-
dance with equation:

_ Cinitial — Cresidual £ 100%

Cinitial
where Ciyia — initial concentration of metal in solution, g/L; Ciesiguar — residual
concentration of metal in solution, g/L.
Total polymer chain binding degree was calculated as follows:

0 = —sorbed 45004

where Vgoheq — quantity of polymer links with sorbed metal, mol; v — total quantity
of polymer mass (if there are 2 hydrogels in solution, it is calculated as sum of
each polymer hydrogel mass), mol.

Effective dynamic exchange capacity was determined by calculations in
accordance with equation:

_ Vsorbed
Mgorbent

where Vgomed — amount of sorbed metal, mol; mgypene — SOrbent mass (if there are
2 hydrogels in solution, it is calculated as sum of their masses), g.

RESULTS AND DISCUSSION

Sorption of cerium ions by the intergel systems hPAA-hP4VP and
hPAA-hP2MS5VP occurs by ionic and coordination mechanisms. Process of rare-
earth elements sorption (on lanthanum example) is clearly described in previous
works [8-10].

Extraction of cerium ions by intergel system hPAA-hP4VP. Dependence of
cerium ions extraction degree of the intergel system hPAA-hP4VP from hydro-
gels molar ratios in time is presented on figure 1. Maximum quantity of cerium
ions is sorbed by the intergel system at hydrogels ratio 17%hPAA-83%hP4VP.
Extraction degree at 48 hours is 92.33%. Obtained results show that extraction
degree of cerium ions of individual hydrogels of polyacrylic acid and poly-4-
vinylpyridine is not high, values of the parameter are 63.33 and 56.67 res-
pectively. The rest intergel pairs in the intergel system hPAA-hP4VP also have

255



XUMWYECKHH )KYPHAJI KA3AXCTAHA

n, %
100 -
#—0h
90 _——*
"« ¢ 05h
— ¢ A\ —a—1h
80 — — " A\
a4 N —¥—2h
A P SN
70 4 o AN —4—06h
A > \ AN
o - \ N\ <« 24h
604 ¢ e \ ‘\j, —»—48h
] - R
50 NN
7 P \
W0 o v )
_,-"‘V/ --"« hY \'\
30 - N ‘/’H,J”/ NN e
v R A . \\
e B B R
e S e Y
. e - “‘\ AN
0w * A
)
04w - - - - - -

T I T T 1 I I
100%  83%:17% 67%:33% 50%:50% 33%:67% 17%:83%  100%
hPAA:hP4VP, mol.%:mol.%

Figure 1 — Dependence of cerium ions extraction degree
of the intergel system hPAA-hP4VP from hydrogels molar ratios in time

significantly higher values of cerium ions extraction degree comparatively with
individual hydrogels of PAA and P4VP.

Figure 2 represents dependence of polymer chain binding degree (in relation
to cerium ions) of the intergel system hPAA-hP4VP from time. Maximum values
of binding degree in the intergel system at 48 hours are observed at hydrogels

0, %
100 4
90
80 -
70 4
60 -
50 ’ ) "
] Ve )
401 f/ /S T —m— 100%
| ohPAA
30 <8/ /r T —&— 83%hPAA-17%hP4VP
| ¥ /,// A— 67%hPAA-33%hP4VP
201 " ¥— 50%hPAA-50%hP4VP
» —&— 33%hPAA-67%hP4VP
Rl . —4— 17%hPAA-83%hP4VP
] —»— 100%hP4VP h
%1777 T

0 4 8 12 16 20 24 28 32 36 40 44 48

Figure 2 — Dependence of polymer chain binding degree
of the intergel system hPAA-hP4VP from time
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ratio 17%hPAA-83%hP4VP, it is 76.59%. High values of polymer chain binding
degree are also observed at ratios 33%hPAA-67%hP4VP and 50%hPAA-
50%hP4VP. It indicates to high ionization degree of the macromolecules in
results of mutual activation of hydrogels of polyacrylic acid and poly-4-vinyl-
pyridine. Polymer chain binding degree of the individual hydrogels of PAA and
P4VP at 48 hours is 52.53% and 47.00%.

Dependence of effective dynamic exchange capacity of the intergel system
hPAA-hP4VP from hydrogels molar ratios in time is shown on figure 3. Obtained
data point to the fact that mutual activation of the polymer hydrogels in intergel
pairs provides significant increase of values of exchange capacity in comparison
with initial hydrogels. This is particularly pronounced at 6 hours of remote
interaction. As seen from the figure, at this time of hydrogels interaction at ratio
17%hPAA-83%hP4VP values of exchange capacity are in 2.5 times higher than
values of capacity of the individual hydrogels of PAA and P4VP. Further remote
interaction of the polymers indicates that the intergel system hPAA-hP4VP appro-
aches to equilibrium state, what is evidenced by not strong increase of effective
dynamic exchange capacity as it was in the beginning of the hydrogels remote
interaction. Maximum values of effective dynamic exchange capacity are reached
at ratio 17%hPAA-83%hP4VP at 48 hours of remote interaction.
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Figure 3 — Dependence of effective dynamic exchange capacity
of the intergel system hPAA-hP4VP from hydrogels molar ratios in time

Extraction of cerium ions by intergel system hPAA-hP2M5VP. Figure 4
shows dependence of cerium ions extraction degree of the intergel system
hPAA-hP2M5VP from hydrogels molar ratios in time. Extraction degree in-
creases with time in intergel system. It should be noted that transfer of polymer
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Figure 4 — Dependence of cerium ions extraction degree
of the intergel system hPAA-hP2M5VP from hydrogels molar ratios in time

macromolecules into highly ionized state due to their mutual activation provides
strong increase of extraction degree of cerium ions of polymer hydrogels in the
intergel pairs comparatively with initial polymers. Maximum values of extrac-
tion degree of cerium ions in the intergel system are observed at ratio
33%hPAA-67%hP2M5VP. Extraction degree at this ratio is 90.67%. Sorption
degree of cerium ions of individual polymer hydrogels of PAA and P2ZM5VP is
66.33% and 50.00% respectively.

Dependence of polymer chain binding degree (in relation to cerium ions) of
the intergel system hPAA-hP2MS5VP is presented on figure 5. Individual hyd-
rogels of polyacrylic acid and poly-2-methyl-5-vinylpyridine have not sufficiently
high values of binding degree (52.53% and 41.47% respectively). Maximum
values of polymer chain binding degree in the intergel system hPAA-hP2M5VP
are reached at 48 hours of PAA and P2M5VP hydrogels remote interaction at
ratio 33%hPAA-67%hP2M5VP, binding degree is 75.21%.

Effective dynamic exchange capacity of the intergel system hPAA-
hP2MS5VP is shown on figure 6. The highest values of the parameter the intergel
system hPAA-hP2M5VP reaches at 48 hours of PAA and P2M5VP remote
interaction at ratio 33%hPAA-67%hP2M5VP. Minimum values of exchange
capacity are observed in presence of only individual hydrogels of PAA and
P2M5VP, what is result of absence of polymer hydrogels mutual activation
phenomenon.
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Figure 5 — Dependence of polymer chain binding degree
of the intergel system hPAA-hP2MS5VP from time
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Figure 6 — Dependence of effective dynamic exchange capacity
of the intergel system hPAA-hP2MS5VP from hydrogels molar ratios in time

As seen from the obtained data, self-organization of polyacrylic acid hydro-
gels is significantly impacted by the structure of second component (polybasis).
Absence of bulky methyl substituent in the structure of hP4VP provides faster
ionization of the hydrogels in intergel system hPAA-hP4VP in comparison with
system hPAA-hP2M5VP.
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Conclusion.

1. Individual hydrogels of PAA, P4VP, P2M5VP do not have high values of
sorption properties. Cerium ions extraction degree of hPAA, hP4VP, hP2M5VP is
63.33%, 56.67%, 50.00%.

2. Significant increase of extraction degree in intergel systems hPAA-
hP4VP and hPAA-hP2MS5VP is result of mutual activation of polymers. Extrac-
tion degree of cerium ions in the intergel system hPAA-hP4VP reaches maximum
values (92.33%) at ratio 17%hPAA-835hP4VP at 48 hours. In intergel system
hPAA-hP2M5VP maximum extraction of cerium ions occurs at ratio 33%hPAA-
67%hP2M5VP, at 48 hours 90.67% of the metal is sorbed.

3. Polymer chain binding degree of hPAA, hP4VP, hP2MS5VP is not high
(52.53%, 47.00% and 41.47% respectively. This is consequence of absence of
mutual activation between the polymers.

4. Maximum values of polymer chain binding degree in the intergel systems
are observed at the following ratios: 17%hPAA-83%hP4VP (binding degree is
76.59%) and 33%hPAA-67%hP2M5VP (binding degree is 75.21%).
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Pesome
T. K. ’Kymaoinos, P. I'. Konoaypos

L{EPUIA NOHIAPBIH COPBLIAJIAY BAPBICBIHIA
MHTEPTEJIAI )KYUEJEI'T HOJIMAKPUJT KbILIKBIIBIHBIH
MNOJIMMEPJIIK TUAPOI'EJIAEPIHIH ©31H-O31 ¥UbIMIACTBIPYbI

AnHoranust. [Tonuakpun kpimkeuibl ruaporeni (ITAKr) — nonu-4-suHuinupuany
rugporeni (IT4BIIr) sxone monmuakpun Keimkeuibl ruaporerni (ITAKr) —monu-2-merun-5-
BuHwinupuand ruaporeni ([I2MSBIIr) wuHTeprenai kyiienepiMeH uepuil HOHAAPHIH
copOuustay mporieci 3eptreiai. [lomrakpui KpIIIKBUTB THAPOTSTiHIH ©31H-031 yibIMaac-
TBIPYBIHA HETI3ri THIPOTeN/IiH KYPbUIBIMBI aHAFYpJIbIM ocep eTeTiHl anbikranabpl. [TAKr-
[I2M5BIIr xkyiiecimen canbicteipranga [TAKr-IT4BIIr unTteprennai kyitecinne IT4BIIr
KYPBUIBIMBIHAA YJIKEH METH alMACTBIPFBIIITHIH OOMMaybl THAPOTEIEPAIH HEFYPIIbIM
KbUImaM uoHumsanusuianysina okeneni. [TAK, TT4BIT sxone TI2MS5BII skekeneren ruapo-
TeNACpiHiH Lepuil HOHAAPBIH IIbIFApy aopexeci coiikecinme 63,33%, 56,67% sxoHe
50,00% xypaiiabr. 17%I1AKr-83%I14BIIr sxone 33%I1AKr-67%I12M5BIIr karbiHacTa-
peiaaa 92,33% xone 90,67% uepuit msrrapeuiaasl. [TAK, T14BIT sxone I12MSBIT nonu-
MEPJIiK THAPOTENACPI MOJUMEPITIK Ti30eKTep il OalTaHbICy TOPEKECIHIH CATBICTHIPMAIIBI
TOMEH MoHIepiHe ue (catikecinie 52,53%, 47,00% xone 41,47%). Unteprenmi xyiienep-
JIH MbIHA KAThIHACTApPbIHIA MOJIMMEPIIIK Ti30eKTepiH OaiIaHbICy IOpekKeci aHAFYPIIbIM
sorapel MoHTe ne: 17%I1AKr-83%I14BIIr (Gaitnanbicy mopeskeci 76,59%-ra TeH) jkoHE
33%ITAKr-67%I12MSBIIr (nomumepaik Tiz0ekTiH Oaitnansicy aopexeci 75,21%-ap1 Ky-
pausr).

Tyiiin ce3aep: HHTEpremni Kyiie, 03iH — 031 yitbiMaacteipy, copoums, Ce’ noHmapsr,
THIPOTEI/IEP, MOJUAKPHI KBIIIKbLIBI, MONU-4-BUHWIHPHIWH, MOJIH-2-METHII-5-BUHII-
HNHUPHIH.
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Pesome
T. K. /Prcymaounos, P. I'. Konoaypos

CAMOOPTAHM3ALMS ITOJIMMEPHBIX TUJIPOTEJIEN
INOJIMAKPUIIOBOU KMCJIOTBHI B UHTEPTEJIEBBIX CUCTEMAX
TP COPBLIMM NOHOB LIEPUA

AnHoTanus. V3ydeH mporiecc copOLMU MOHOB IIEpUsl MHTEPresIeBEIMA CUCTEMaMHU
ruaporeisb mnoimakpuioBoit kucinoTel (rIIAK) — ruaporens monau-4-BUHUINHPUINHA
(rTI4BII) u rugporens nonuakpuioBoil kucioTsl (TITAK) — rugporens monu-2-MeTui-5-
BunwinupuanHa (rlI2MSBII). YcraHoBieHo, 4TO 3HAYUTENHLHOE BIMSHHE HA CaMoopra-
Huzanuto rugaporeneir [TAK okaspiBaeT CTpyKTypa OCHOBHOTO Tumporens. OTCyTCTBHE
00BEMHOT0 METHJIBHOTO 3aMecTutens B cTpykrype rlI4BIl mpuBoaut x 6osee OBICTpOiA
MoHM3auu ruaporeneii B uareprenesoit cucreme rlIIAK-rII4BII mo cpaBHeHHIO C cHcTe-
Moit TITAK-TTI2MSBII. CteneHb u3BIeYeHUS WOHOB IEepUs WHAMBHUIYAIBHBIX THIPOTE-
neit ITAK, IT4BIT u II2M5BII cocrasaset 63,33%, 56,67% u 50,00% COOTBETCTBEHHO.
IIpu cootHomenusx 17%rIIAK-83%rII4BIT u 33%rIIAK-67%rI12MS5BII u3Bnexaercs
92,33% u 90,67% uepwus. [Homumepusie ruaporenu [TAK, IT4BII, TI2MS5BII o6manator
OTHOCUTCJIIBHO HEBBICOKHMMH 3HAUCHUAMHU CTCICHU CBA3BIBAHUA HOJTI/IMepHOﬁ nenu
(52,53%, 47,00% u 41,47% coorBercTBeHHO). Hanbosiee BBICOKHE 3HAUCHHS CTCIICHH
CBA3BIBAHUSL HOHHMepHOﬁ IENHU B UHTCPICIICBBIX CHUCTEMAX Ha6fl}0}Ia}OTCﬂ Impu COOTHO-
menusx: 17%rIIAK-83%rII4BII (ctenens cBs3piBaHUS paBHa 76,59%) u 33%rIIAK-
67%rII2M5BII (cTeneHs CBA3BIBAaHUS TOJIMMEPHOH 1ienu cocTaBiseT 75,21%).

K/1i04eBble ¢J10BA: MHTEPreNneBas CHCTEMa, CaMOOPraHH3aIis, copoust, nonsr Ce’,
TUAPOTECIIN, TMOJIMAKPpUIIOBasA KHCJIOTA, HOHI/I-4-BI/IHI/IHHI/IpI/IlII/IH, MMOJIN-2-METHI-5-BUHNII-
180500)2010%05 8
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TpeOoBanust A1 opopMiIeHUs cTATEH B JKypHaJIe
«XUMHUYECKHM )KYPHAJI KABAXCTAHA»

Hayunslii sxypHas1 OTKpBITOro goctyna «XuMudeckui xypHai Kazaxcrana»
uznaercs opaena Tpymnosoro Kpacaoro 3uamenu MHCTUTYTOM XUMHYECKAX HAYK
umenn A.b. bekTypoBa ¢ nepnoanyHOCTHIO 4 HOMEpa B IO/,

Hens XKypHana — ocBelieHHe HOBBIX HAy4HBIX PE3yJbTaTOB M HIEH, Mpo-
OJIEMHBIX BOIIPOCOB HayKH M TEXHHUKH, MOCIEIHUX Pa3pabOTOK M HCCIEAOBaHUN
M0 aKTyaJIbHBIM MpobieMaM (QyHIaMEHTATBHBIX W MPUKIAJHBIX UCCIEOBAaHUH B
001acTH HEOPraHWYECKON W OPraHMYeCKOH XUMHHU, XUMHUU M TEXHOJIOTMH MOHO-
MEpPOB M BBICOKOMOJIEKYJIPHBIX COCIMHEHHH, HOHHOIO OOMeHa, HepTeXUMUU U
HEe(TEXUMHUIECKOTO CHHTE3a, XMMHH JICKAPCTBEHHBIX BEUIECTB U (hYU3HOIIOTHIEC-
KW aKTHBHBIX COCIWHEHUH, XUMUYECKON SKOJIOTHH, XUMHUH yIOOpPEHUI U CoeH,
¢u3nuecKkol XUMHUM AJS IIMPOKOro Kpyra cnenuanuctoB. B Xypnane myOmnu-
KYIOTCSl HAYYHBIE CTaThU M 0030pHI YUCHBIX, JOKTOPAHTOB, MAaruCTPaHTOB, MTPOU3-
BOJ/ICTBEHHUKOB, HMEIOIIE TEOPETUUECKOE U MPAKTUIECKOE 3HAUCHHUE.

Cratby, mpejcTaBieHHble B penakuuto JKypHana, JOMDKHBI yAOBIETBOPSTH
CJICAYIOIINM TPEOOBAHUSIM:

O6mmue TpedoBanus. PegakionHas Koyerus MpuHUMaeT CTaThy, HaOpaH-
HBIC B TEKCTOBOM pemakTope MS Word B 37eKTpOHHOM BHIIE, a TaKKe Ha OyMaK-
HOM HOCHTEJIE, IPUUIEM, MTOCIETHSIA CTPAHUI[A TTOAMUCHIBACTCS BCEMHU aBTOPAMH C
MIPOCTABIICHUEM JIATHI.

Pucynku mpexacrasistrorest ¢ paspemenneM muHEMyM 300 dpi, B opmate
* bmp, .tiff. Cxembl, Tpadukn BBIIOJIHAIOTCS BO BCTPOCHHOW mporpamme MS
Word un B MS Excel.

A3bIk craTbu. CTaThU NMPUHUMAIOTCSA HA Ka3aXCKOM, PYCCKOM WIIM aHTJIMH-
CKOM $3BbIKaX, OJTHAKO, B IEJAX Nomyispusannu JXKypHana, peJakiIHOHHOMN KoJIe-
ruell IpUBETCTBYETCS IPUEM CTATEH HA AHTJIMHCKOM SI3BIKE.

IMapameTpsl cTpanuubl. @opmar crpanumsl: A4 (210x297 mMm).
ITomst: BepxHee — 2 cM, HUXKHEE — 2 CM, JieBoe — 3 cMm, mpaBoe — 1,5 cm.

PaccranoBka riepeHocoB He pomnyckaercs. @o3amubIit oteTyrr — 1,0 cM.
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YK. B nHauaze craTtby, B BEpXHEM JIEBOM YIJIy YKa3bIBA€TCSI HOMEp IO YHHU-
BepcanbHOW necaruunoi knaccupukanuu (Y K), cooTBercTByromuii 3asBieH-
Hol Teme. [lanee, mociie OTCTyNa CTPOKH, YKa3bIBAIOTCS MHULMAIBI U (aMUIAN
aBTOpa(-OB), eIlle Yepe3 CTPOKY CIEAYFOT Ha3BaHUs OPraHM3aIMHN(-if), B KOTOPOH(-bIX)
paboTaroT aBTOPHI, HA3BaHWE rOpoJa U CTpaHbl. Eme Hipke, yepe3 cTpOKy yKasbl-
BAaeTCsl Ha3BaHUE CTAaThU NpOoNUCcHBIME OykBaMu. LIIpudT - moTyKUPHBIH.

AnnoTtanus. [IpegocraBisercs Ha s3bIKe CTaThU (00beM He MeHee 150 ciioB).

Karouesbie cioBa. CioBa u ciioBocoderanus (6-8), obecrieunBatoniye Hanbo-
Jiee TTOJTHOE PACKPBITHE COJIEPIKAHUS CTAThH, IIPEJICTABIISIFOTCS HA S3bIKE CTATHH.

I'apantypa. Texct cratbu HaOupaercst B rapuurype Times New Roman,
pasmep kerns 14 1T, MEeXCTPOUYHBII MHTEpBA - OAMHAPHBIN, (hopmMaTHpoBaHHE -
10 IIHPUHE.

CrpykTypa n 00béM cTtaTbu. CTpYKTYpHPOBAaHUE CTATbU MPOU3BOAMUTCS B
COOTBETCTBHH C OOMICIPHUHITHIMA cTaHmaptamu: "'BBenenue' (IOIDKHO BKITIO-
4yaTh B ce0s MOSICHEHHE, B CBS3M C YEM IMPOBEJICHO JIAHHOE MCCIeI0BaHuEe, 0030p
aKTyaJbHOW JMTEpaTyphl, 0OOCHOBAaHHE BBHIOOPAa METOMOJIOTHMH HCCIEIOBaHUI),
"JKcnepuMeHTaNbHAsA 4acTh' (ONMUcaHWe TMPOBOAMMEBIX HCCIIEIOBaHUH),
"Pe3yabTaThl U HX 00cy:KaeHHe' (ITONydeHHBIE B XOJNI€ MCCIIEOBAHUS Pe3yiIb-
taTbl), "BbIBoaBI" (KacaTeIbHO MOMyUYSHHBIX PE3yIbTaTOB, B TOM YHCIIE COOTBET-
CTBYIOT JIM OHU OXMIAHUAM WM HeT). OObeM CTaThH, BKIIIOYAs aHHOTALMIO U
cnmucok JuTepaTypsl: oT 6 mo 10 crpanmi. O630pHBIE CTaThbH MOTYT OBITH /IO
20 ctpanwutl.

CchLIKHM HA MCMOJIb30BaHHBbIe HCTOYHUKH. CCHUIKH Ha HCIOJIh30BaHHBIE
HCTOYHUKH MPHUBOISATCS TIOCIE IUTATHl B KBaJIPaTHBIX CKOOKaX, ¢ yKa3aHHEM I10-
PAAKOBOrO HOMEpPA UCTOYHUKA IUTHpOoBaHus, B cooTBeTcTBUU ¢ [OCT 7.1-2003
«bubnmorpaduyeckas 3anuck. bubnmorpaduyeckoe onucanne. OOmme TpedoBa-
HUS U TIPABHUJIA COCTABJICHUSY.

Cnucok jgurtepartypbl. Pacnonaraercst mocne Tekcra craThbi. Hymeparms
HauMHAeTCs C MepBoro Homepa, mnpensapsercs cioBoM <«JIMTEPATYPA» u
O(i)OpMHHCTCS[ B MOPAAKEC YIIOMUHAHUA WA HUTUPOBAHUA B TCKCTC CTAThHU. Pexo-
MEHJIyeMO€ KOJIIMYECTBO CChUIOK — He MeHee 20, B ToMm umcie He meHee 50% —
CCBUIKM Ha MEXIYHapOJHbIE MCTOYHHKH (KypHAJbI, BXOJAIINE B MEXIYHApPOJI-
Heie 0a3bl AanHbix Clarivate Analytics, Scopus, Springer Nature). Jlajee B Tom ke
MOpsI/IKE TIPUBOJUTCS TpaHCiuTepanus crnucka. [log omHUM HOMEpPOM yKa3bl-
BaeTCs TOJNLKO OJMH HCTOYHUK. CIHCOK JINTEPATYPHI IOJDKEH OBITh MPE/ICTaBICH
HanboJiee CBEXKUMH U AKTyaJIbHbIMU UCTOYHUKAMMH.
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Pestome. [ocie crnincka auTepaTyphbl JOJDKHBI OBITH TIPEAICTABICHBI PE3IOME.
K npumepy, ecnu craTbs HamMcaHa Ha Ka3aXCKOM SI3bIKE, TO Ha PYCCKOM M aHT-
JUHCKOM s3bIKaxX AaroTcs pestome, cocroaume n3 ®UO asropa (-0B), Ha3BaHUS,
TekcTta ( He MeHee 150 cnoB), KITIOUEBBIX CJIOB, OPTaHWU3AIINH, TAE BBITIOTHSIIACH
pabora.

ConpoBoauTenabHble JOKYMEHTBI, IpujaraemMsle k cratbe. K crarbe mpu-
JIaraloTCs CONMPOBOAMUTEIBHBIE JOKYMEHTHI (Ha Ka3aXCKOM HIIM PYCCKOM SI3BIKE):

1. Ilucemo-HampaBieHNE B peAaKIMOHHYIO Koyuieruio JKypHana oT opraHu-
3a1uu, B KOTOPO#l TaHHOE MCCIIeTOBAaHUE BBHITIOIHEHO.

2. AKXT DKCIIepPTH3HI.

3. Caenenus 00 aBTopax: @amMmins, UMs ¥ OTYECTBO Ka’KAOTO aBTOpa ¢ yKa-
3aHMEM Y4YeHOW CTENeHW M YYEeHOTO 3BaHUs, CIyXeOHble W JIOMAalllHuE HOMepa
TeneoHOB, MTOMaNIHUE agpeca ¢ yKa3aHWeM TOYTOBOTO MHIAEKCa, aJpec JIeK-
TPOHHOW MOYTHI (B 2-X 3K3EMIUIApax).

4. Peuensus.

5. Hayunple ydpexxaeHns, BbICIINE y4eOHBIC 3aBEACHHUS, NMPOMBINUICHHBIC
HNPEANPUATHAS U KaXAbIH aBTOpP HAYYHOH CTaTbU, UMEIOLIUI YYEHYHO CTEIICHb
JOKTOpa WJIM KaHIWAAaTa HayK, MPEACTaBISIIOT KCEPOKONHMIO WM CKaH-BEPCHUIO
KBUTAHIIUU 0 TOA0BOIi moamucke Ha «Xumudeckuil xypHan Kazaxcranay. (Ilox-
nucHoil wHAekc B KaTtaiore AO «Kaslloytay wiu B JMOMOJHEHWH K HEMY —
75 241). be3 3T0r0 10KyMeHTa CTaTbU HE IPUHUMAIOTCS.

Marepuainbl, He COOTBETCTBYIONIHE YKa3aHHBIM TPeOOBAHUSIM, BO3BPAIAIOT-
cs Ha T0paboTKy.

Pemenne o myOnuMKauy cTaTbu MPUHUMAET pelakiMoHHas Kosuerus JKyp-
HaJa.

DJNeKTpOHHAsT BEpCHUsSl TPEICTABISETCS Ha HIICKTPOHHOM HOCUTeNe JHOO
OTIIpaBIIAETCS o 3EKTPOHHOMN MoyYTe: (ics_rk@mail.ru,
lena.yanevskaya47@mail.ru).

JlaToii pUHSTHS K TICYaTH CYUTACTCS JlaTa MOCTYIUICHHUS BEPCUU, YJIOBIIET-
Bopsitoniell BceM TpeboBanusaM XKyprana. OuepeJHOCTh MyOIMKalWU yCTaHABIIH-
BAETCH 110 JaTe NPUHATHS CTaThU K ITEYATH.

Peoaxkyuonnasn konnecusn Kypnana
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