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Информационное сообщение 
 

24 мая 2018 года в АО "Институт химических наук им. А.Б.Бектурова" 
cостоялся семинар "Использование прав на объекты промышленной соб-
ственности и коммерциализация результатов интеллектуальной дея-
тельности (РИД)".  

На семинаре обсуждались такие вопросы, как лицензионные договора и 
коммерческое использование РИД в современных экономических условиях. 
Первый вопрос подробно осветил Федурин Владимир Петрович, главный 
эксперт управления патентных исследований по изобретениям, а второй – 
Курмангали Булат Серикович, президент Асоциации владельцев интел-
лектуальной собственности.  

В.П.Федурин и Б.С.Курмангали в своих сообщениях привели много 
конкретных примеров из многолетней практической работы и ответили на 
вопросы сотрудников АО "Институт химических наук им. А.Б.Бектурова", а 
также представителей АО "Институт металлургии и обогащения" и АО 
"Институт органического катализа и электрохимии им. Д.В.Сокольского".  

Данный семинар не первый в рамках сотрудничества Института 
химических наук и Учебного центра Алматинского филиала Института 
интеллектуальной собственности. На протяжении многих лет Институт 
химических наук и филиал НИИС поддерживают деловые связи, направ-
ленные на повышение квалификации научных сотрудников в области ин-
теллектуальной собственности.  
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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].  
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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; 
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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/l, lighting (GOST 24753-68) 0.05 mg/l, 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 
materials 

Synthetic 
materials 

Caustobioliths 
 

Natural raw materials 
vegetable and animal 

origin and wastes  
of their processing 

Organo-
mineral 

Synthetic 
 

Disperse 
silica 

Perlite Coal Cereal husks Slates Polypropylene 

Zeolites Expanded clay Graphite Moss, foliage Sapropel Polyurethane 

Layered 
silicates 

SilicaGel Peat Bark, sawdust Oilsludge Teflon 

 
Table 2 – Classification of oil sorbents by dispersion 

 

Dispersed Molded 

Finely 
dispersed 

Large-
dispersed 

Fibrous Pressed Combined 

Powders 
Crumbs 
Granule 
Flakes 

Woven and  
non-woven  

roll materials
Plates 

Sorbing booms 
Pillows 

Mats with a shell of permeable material 
 



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
17

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. Т.Е. 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 °С. 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/cm3. 

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 1250–1450 kg/m3. 

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 oil/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 aerobic 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 8,82. 

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  
a sorbent 

Extent of purification of waters (%)  
of oil products at speeds 

Extent of purification of waters (%) 
depending on concentration of oil 

Sorbenton  
the basis of RP 

6 ml/min 15 ml/min 32 ml/min 1,4 mg/l 27,6 mg/l 60 mg/l 
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/m3 

Oilcapacity, kg/kg 4–4,4 

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. 

 

 
 

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 – 0,5–1 mm; 2 – 1– 2 mm; 3 – 2–3 mm; 4 – 3– 5 mm 

 
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/m3, and for cleaning of diesel fuel sorbents with a volume weight of 
500-600 kg/m3. 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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Мақалада мұнай сорбенттері жəне оларды қолдану туралы материалдар бе-
рілген. Топырақ жəне су бетіндегі мұнай мен мұнай өнімдерінің төгілуін жəне ава-
риясын жою əдістері көрсетілген. 

Түйін сөздер: мұнай, сорбенттер, экология, химиялық құрамы, су, топырақ, 
шымтезек, целлюлоза. 
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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, 1H NMR and 13C 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 1H 
and 100 MHz on 13C 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 °С 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%. 

 

C8H17Br
H2N

HNH2N NH2 +

C4H9Br

CH3COOK

Ethanol

H2N

HN

1

2  
 

The structures of the synthesized compounds were proved by the methods of 
IR, 1H NMR and 13C 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-1, 3412 cm-1 
and 1671 cm-1, characteristic for the NH2 group, are observed. In the regions  
2955 cm-1, 2887 and 2935 cm-1, intensive bands of stretching vibrations of С-Н 
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 CH3 protons at 0.98 ppm, proton’s signals of (CH2)3-methylene groups 
appear in the range of 1.0-2.65 ppm. Protons of NH-CH2 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 NCH2 group (H-5) under the influence of the neighboring nitrogen 
heteroatom resonate at a region of 2.46 ppm. The protons of the CH2-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 1 – PMR spectrum of N-octylethane-1,2-diamine 2 
 

 
 

Figure 2 – COSY spectrum 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-CH2 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. 
 

 
 

Figure 4 – NMR 13C spectrum of N-octylethane-1,2-diamine 2 
 
The NMR 13C spectrum of N-butylethane-1,2-diamine 1 also shows a signal 

at 14.0 ppm corresponding to the carbon atom of the terminal CH3 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 NH2-CH2-CH2-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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Figure 5 – HMQC spectrum of N-octylethane-1,2-diamine 2 
 

 
 

Figure 6 – Correlation of the HMQC compound of N-octylethane-1,2-diamine 2 
 

proton groups. These data confirm the assignment of the signals from NMR 13C 
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. 

H2N
NH2 +

C7H15Br

+CS2

NaOH

Ethanol
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C
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Dithiocarbamates 3, 4 settled out of the reaction solution as white crystalline 
substances with Rf 0.26 and Rf 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-1 
and C-S bond in the region of 638-735 cm-1. Absorption bands in the region of 
3300-3500 cm-1 characteristic for NH groups are also observed. In the region of 
2887-2935 cm-1 intense bands of stretching vibrations of С-Н bonds characteristic 
for saturated hydrocarbon substituents are observed. 

Compounds 3 and 4 are characterized by PMR spectroscopy. A broaden 
singlet of CH3 protons is observed in the spectrum at 0.96 - 0.98 ppm. The pro-
tons of the (CH2)n-methylene groups in the region of 1.1-2.6 ppm in the form of 
multiplets are observed. The protons of the NCH2 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 CH3-group protons is observed at 0.96. Protons (CH2)n-methylene 
groups in the region and 1.1-2.6 ppm in the form of multiplets are observed. The 
protons of NH-CH2 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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Резюме 

 

И. Н. Əнуарбекова, Н. О. Əкімбаева, С. А. Визер, Қ. Б. Ержанов 
 

ЭТИЛЕНДИАМИНДІ СЕЛЕКТИВТІ N-МОНОАЛКИЛДЕУ  
ЖƏНЕ ДИТИОКАРБОНИЛДЕУ 

 

Этилендиминді бромды алкилдермен этанолды ортада ацетат калий қатысында 
реагенттердің эквимольді қатынасында 50-55 °С температурада моноалкилдеу нəти-
жесінде 66% шығыммен N-бутилэтан-1,2-диамин жəне 78% шығыммен N-октил-
этан-1,2-диамин синтезделінді. Əрекеттесудің жалғасы ретінде бір реакциялық кол-
бада эквимольді мөлшерде этиленаминнің алкил броммен 50-60 °С температурада 
жəне содан кейін күкіртті көміртекпен натрий гидроксиді қатысында 0-5 °С темпе-
ратурада этил спирті ортасында натрий дитиокарбаматтары алынды. 2-(гептил-
амино)этилдитиокарбаматтың жəне 2-(октиламино)этилдитиокарбаматтың шығым-
дары 60 жəне 63%, сəйкесінше балқу температуралары 120-122 °С жəне 133 °С тең. 
N-алкилэтан-1,2-диаминдер жəне натрий 2-(алкиламино)этилдитиокарбаматтары-
ның құрылысы ИК, ЯМР 1Н жəне 13С-спектрлерінің көмегімен дəлелденді. N-октил-
этан-1,2-диаминнің COSY жəне HMQC спектрлері, корреляциясы келтірілген.  

Түйін сөздер: этилендиамин, алкилдеу, бромды алкилдер, дитиокарбонилдеу, 
натрий 2-(алкиламино)этилкарбамодитиоаты.  

 
Резюме 

 

И. Н. Ануарбекова, Н. О. Акимбаева, С. А. Визер, К. Б. Ержанов 
 

СЕЛЕКТИВНОЕ МОНОАЛКИЛИРОВАНИЕ  
И ДИТИОКАРБОНИЛИРОВАНИЕ ЭТИЛЕНДИАМИНА  

 

Путем селективного моноалкилирования этилендиамина бромистыми алкила-
ми в этанольной среде в присутствии ацетата калия при эквимольном соотношении 
реагентов и температуре реакции 50-55 °С синтезированы N-бутилэтан-1,2-диамин 
с выходом 66% и N-октилэтан-1,2-диамин с выходом 78%. Последовательным взаи-
модействием в одной реакционной колбе эквимолярных количеств этилендиамина с 
алкилбромидом при температуре 50-60 °С и затем с сероуглеродом в присутствии 
гидроксида натрия при температуре 0-5 °С в среде этилового спирта получены соот-
ветствующие дитиокарбаматы натрия. Выходы натриевых солей 2-(гептилами-
но)этилдитиокарбамата и 2-(октиламино)этилдитиокарбамата составляют 60 и 63%, 
температуры плавления 120-122 и 133 °С соответственно. Строение N-алкил-этан-
1,2-диаминов и 2-(алкиламино) этилдитиокарбаматов натрия подтверждено дан-
ными ИК-, ЯМР 1Н- и 13С-спектров. Приведены COSY и HMQC спектры и соответ-
ствующие корреляции N-октилэтан-1,2-диамина.  

Ключевые слова: этилендиамин, алкилирование, бромистые алкилы, дитио-
карбонилирование, натрий 2-(алкиламино)этилкарбамодитиоаты. 
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OBTAINING AND INVESTIGATION OF SUPRAMOLECULAR 

INCLUSION COMPLEX OF 2-DEOXY-20-HYDROXYECDYSONE  
WITH γ-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 γ-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 γ-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 (3β, 14α, 20R, 22R, 25-pentahydroxy-5β(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]. 
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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 × 150 mm, Zorbax SB-C_18; mobile phase: 10% isopropyl 
alcohol, UV detection at a length of 254 nm, a column temperature of 20º, a flow 
rate of the eluent of 0.75 ml/min, and a sample volume of 20 μl. 

1Н and 13С NMR spectra were recorded on the JeolJNM-ECA 400 spectro-
meters (399.78 and 100.53 MHz on 1H and 13C nuclei, respectively) in a solution 
of DMSO-d6 and BrukerAvance DRX-500 (500 and 125 MHz on 1H and 13C 
nuclei, respectively) for solutions in CDCl3. Chemical shifts are measured relative 
to the residual signals of protons or carbon atoms DMSO-d6 and CDCl3. 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. 

γ-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 H2SO4: 
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 Ac2O (2.5 ml) was held at 40-450C for 5 hours. 
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The solvent was then evaporated in vacuum; the residue was applied to a        
SiO2-containing column. Elution was carried out with a mixture of CHCl3-MeOH 
(100: 1 → 30: 1). 123.14 mg of (22R)-2β,22-diacetoxy-5β-cholest-7-en-6-one-
14α,25-diol was obtained as an oil.1H NMR (500 MHz, CDCl3, δ, ppm, J/Hz): 
0.66 (3H, s, CH3-18), 0.93 (3H, d, J=6.7, CH3-21), 0.97 (3H (2H, s, CH3-19), 1.21 
(3H, s, CH3-26), 1.23 (3H, s, CH3-27), 2.04 (3H, s, CH3-COO-2), 2.05 (3H, s, 
CH3 -OCO-20), 2.35 (1H, dd, J = 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). 13C NMR (125 
MHz, CDCl3, δ, 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 ([M]+, 15), 515.1 ([M-H2O+H]+, 100), 497.2 ([M-2H2O+H]+, 46), 473.3 
([M-AcOH+H]+, 64), 455.6 ([M-H2O-AcOH+H]+, 95). 

Acetylation of F-7 fraction. A solution of the F-7oil (240 mg) and DMAP 
(9.4 mg) in pyridine (5 ml) and Ac2O (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           
SiO2-containing column. Elution was carried out with a mixture of CHCl3-MeOH 
(100: 1 → 30: 1). 31.2 mg of (22R)-2β,22-diacetoxy-5β-cholest-7-en-6-one-
14α,20,25-triol was obtained. 1H NMR (500 MHz, CDCl3, δ, ppm, J/Hz): 0.86 
(3H, s, 3H, CH3-18), 0.98 (3H, s, CH3-19), 1.21 (3H, s, CH3-26), 1.23 (3H, s, 
CH3-27), 1.27 (3H, s, CH3-21), 2.06 (3H, s, CH3-COO-2), 2.12 (3H, s, CH3-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). 13C NMR (125 MHz, CDCl3, δ, 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                 
([M+H]+, 41), 531.6 ([M-H2O+H]+, 100), 513.1 ([M-2H2O+H]+, 36), 471.4              
([M-H2O-AcOH+H]+, 8), 453.4 ([M-2H2O-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 γ-CD was obtained by the interaction of 
equimolecular quantities of solutions of 1 and γ-CD. 0.032 g (0.025 mmol) of       
γ-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-γ-CD 
was obtained as a white powder, melting with decomposition at 3500C. 
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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. 1H 
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, 
γ-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 γ-CD. 

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

DMSO-d6 proved to be the most suitable solvent for NMR spectroscopic 
studies of inclusion complexes1 with γ-CD; therefore, NMR spectraof1 and its 
complexes with γ-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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Chemical shifts of 1H and 13C NMRof 1 and γ-CD in the free state (δо) and  
in the inclusion complex (δ) 

 

C Atom СНхGroup 
δ0(

13С), 
ppm 

δ(1Н), 
ppm 

δ(1Н), 
ppm 

∆δ(1Н)=δ(1Н)-δ0(
1Н), 

ppm 

1 

1 -СН2- 28.56    

2 -СН2- 28.56    

3 >СН-ОН 63.15    

4 -СН2- 29.51    

5 >СН- 51.40    

6 >С=О 210.97 – – – 

7 -СН=С< 120.85 5.58 s 5.57 s –0.01 

8 >С=С< 166.19 – –  

9 >СН- 36.10 3.06 m 3.04 m –0.02 

10 >С< 36.56 – – – 

11 -СН2- 21.49    

12 -СН2- 31.30    

13 >С< 48.56 – – – 

14 >С< 83.63 – – – 

15 -СН2- 32,56    

16 -СН2- 21.49    

17 >СН- 49.21 2.22 m 2.21 m –0.01 

18 -СН3 17.68 0.71 s 0.70 s –0.01 

19 -СН3 24.05 0.80 s 0.79 s –0.01 

20 >С<(OH) 76.19    

21 -СН3 22.11 1.03 s 1.02 s –0.01 

22 >СН- 76.68    

23 -СН2- 26.60    

24 -СН2- 41.92    

25 >С< 69.21 – – – 

26 -СН3 30.55 1.00 s 0.99 s -0.01 

27 -СН3 30.55 1.00 s 0.99 s -0.01 

γ-CD 

1 >СН-  4.83 4.83 0 

2 >СН-  3.30 3.27 -0.03 

3 >СН-  3.37 3.33 -0.04 

4 >СН-  3.32 3.29 -0.03 

5 >СН-  3.41 3.33 -0.04 

6 -СН2-  3.58 3.56 -0.02 
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previous work were used in determining NMR chemical shifts of 1Н and13С atoms 
of 1 (table) in DMSO-d6. Since a change in the solvent during NMR studies leads 
to a change in the chemical shift of the 1Н and 13С atoms, two-dimensional NMR 
spectroscopy of HMQC (1H-13C) correlation through one bond and COSY (1H-1H) 
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 CH3-
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 CH2 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 (1H-13C) 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 (1H-1H) 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 γ-CD. 

 

 
 

                                               1                                   γ-CD 
 

 
1- γ-CD 

 

The proposed scheme for the formation of a supramolecular inclusion complex 1with γ-CD 
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Investigation of the structure of supramolecular complexes by the method of 
1H and 13C NMR spectroscopy is based on the determination of the difference in 
the values of chemical shifts of certain signals in the spectra of substrate1 and the 
γ-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 
1H and 13C 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 
1H NMR spectra of inclusion complexes with γ-CD. There were no significant 
changes in chemical shifts of the identified protons1after complexation with               
γ-CD. In the inclusion complexes 1 with γ-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 γ-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 γ-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-ДЕЗОКСИ-20-ГИДРОКСИЭКДИЗОННЫҢ γ-ЦИКЛОДЕКСТРИНМЕН 
СУПРАМОЛЕКУЛАЛЫҚ ҚОСУ КОМПЛЕКСІН АЛУ ЖƏНЕ  

ЯМР-СПЕКТРОСКОПИЯЛЫҚ ƏДІСПЕН ЗЕРТТЕУ 
 
Бұташық сылдыршөптің (Silenefruticulosa (Pall.) Schischk, CaryophyllaceaeJuss.) 

жер үсті бөлігінен алғаш рет 2-дезокси-20-гидроксиэкдизон бөлініп алынды. ЯМР-
спектроскопия əдісі арқылы фитоэкдистероидтың γ-циклодекстринмен комплекс 
түзілуі зерттелінді. Субстрат пен рецептордың протондарының химиялық жылжула-
рының өзгерістері бойынша, 2-дезокси-20-гидроксиэкдизон γ-циклодекстринмен 1:1 
стехиометриялық құрамдағы супрамолекулалық комплекс түзіп, рецептор молеку-
ласының қуысына субстрат молекуласы А фрагментімен енетіні анықталды. 

Түйін сөздер: бұташық сылдыршөп (Silene fruticulosa (Pall.) Schischk, Caryo-
phyllaceae Juss.), 2-дезокси-20-гидроксиэкдизон, циклодекстрин, қосу комплекстері, 
ЯМР-спектроскопия. 
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О. Т. Сейлханов, Е. В. Минаева, Л. К. Салькеева, Б. И. Тулеуов, С. М. Адекенов 
 

ПОЛУЧЕНИЕ И ИССЛЕДОВАНИЕ СУПРАМОЛЕКУЛЯРНОГО КОМПЛЕКСА 
ВКЛЮЧЕНИЯ 2-ДЕЗОКСИ-20-ГИДРОКСИЭКДИЗОНА  

С γ-ЦИКЛОДЕКСТРИНОМ МЕТОДОМ СПЕКТРОСКОПИИ ЯМР 
 
Из надземной части смолевки кустарничковой (Silenefruticulosa (Pall.) Schischk, 

семейства CaryophyllaceaeJuss.) впервые выделен 2-дезокси-20-гидроксиэкдизон (2-
дезоксиэкдистерон). Методом ЯМР-спектроскопии изучено комплексообразование 
фитоэкдистероида с γ-циклодекстрином. По изменению химических сдвигов прото-
нов субстрата и рецептора установлено, что 2-дезокси-20-гидроксиэкдизон взаимо-
действует с γ-циклодекстрином с образованием супрамолекулярного комплекса 
включения стехиометрического состава 1:1 с вхождением фрагмента А молекулы 
субстрата во внутреннюю полость рецептора.  

Ключевые слова: смолёвка кустарничковая (Silenefruticulosa (Pall.)Schischk), 
2-дезокси-20-гидроксиэкдизон, циклодестрин, комплексы включения, спектроско-
пия ЯМР. 
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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 оС 
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 оС, 
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 

 

Compound 
Composition, mass. % 

UFC formaldehyde Urea Water 

H2NCONHCH2OH 
40,0 0 0 60,0 

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

HOCH2NHCONHCH2OH 
40,0 0 0 60,0 

34,0 3,0 3,0 60,0 

H2NCONHCH2NHCONH2 30,0 0 0 70,0 

 



ХИМИЧЕСКИЙ ЖУРНАЛ КАЗАХСТАНА 
  

 
46

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  
of drying product of 

monomethylolurea, mass % 

Experiment conditions Composition of product, mass % 

pH 
tempe- 

rature, oС 
Monome- 
thylourea 

Condensation 
product 

Free 
urea 

Monomethylourea – 40,0 
Formaldehyde – 0 
Urea – 0  
Water – 60,0 

6,5 

70 86,0 12,0 2,0 

90 76,0 22,2 1,8 

95 72,0 26,8 1,2 

6,8 

70 100 0 0 

90 98,2 1,8 0 

95 92,5 7,5 0 

7,0 

70 100 0 0 

90 100 0 0 

95 98,4 1,6 0 

7,4 

70 100 0 0 

90 100 0 0 

95 99,2 0,8 0 

Monomethylourea – 38,0 
Formaldehyde – 0,67 
Urea – 1,33  
Water – 60,0 

6,5 

70 97,2 1,1 1,7 

90 95,0 3,8 1,2 

95 89,1 10,2 0,7 

6,8 

70 97,5 0 2,5 

90 69,4 2,1 1,5 

95 91,2 7,8 1,0 

7,0 

70 96,62 2,5 3,38 

90 96,62 2,5 3,38 

95 95,3 3,0 1,7 

7,4 

70 92,62 0 7,38 

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 оС, 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 

 

Composition of drying product 
of monomethylolurea, mass % 

Duration 
drying 

process, 
minute 

Drying 
tempe-
rature,  

оС 

Composition of the product, mass % 

monome-
thylolurea 

Condensation 
product 

Free 
urea 

Monomethylolurea – 40 
Formaldehyde – 0 
Urea – 0  
Water – 60,0 

2 

75 

100 0 0 

5 100 0 0 

10 100 0 0 

20 99,5 0,5 0 

30 91,2 6,7 2,1 

Monomethylolurea – 38 
Formaldehyde – 0,67 
Urea – 1,33  
Water – 60,0 

2 

75 

96,62 0 3,38 

5 96,62 0 3,38 

10 96,62 0 3,38 

20 96,62 
Traces 

neglibile 
3,37 
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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 оС are presented in table 4. 
 

Table 4 – Composition of the drying product of dimethylolurea solution 
 

Composition of drying product  
of monomethylolurea, mass % 

Experiment 
conditions 

Composition of the product,  
mass % 

pH 
tempe-

rature, оС 
Dime-

thylolurea 
Condensation 

product 
Free 
urea 

Monomethylolurea – 40 
Formaldehyde – 0 
Urea – 0  
Water – 60,0 

6,5 

70 82 15,8 2,2 

90 73 21,9 5,1 

95 65 26,3 8,7 

6,8 

70 100 0 0 

90 83 13,7 3,3 

95 75 19,8 5,2 

7,0 

70 100 0 0 

90 100 0 0 

95 95,4 3,0 1,6 

7,4 

70 100 0 0 

90 100 0 0 

95 96,5 2,7 0,8 

Dimethylolurea 34 
Formaldehyde – 3,0 
Urea – 0  
Water – 60,0 

6,5 

70 85,2 2,6 12,2 

90 70,3 13,6 16,1 

95 65,2 15,5 19,3 

6,8 

70 91,9 0 8,1 

90 79,1 9,4 11,5 

95 75,0 11,7 13,3 

7,0 

70 91,9 0 8,1 

90 91,9 0 8,1 

95 85,0 4,2 10,8 

7,4 

70 91,9 0 8,1 

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 оС. 

Increasing the temperature to 95 оС 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 

 

Dimethylolurea pulp 
composition, mass % 

Duration  
of drying 
process, 
minutes 

Drying 
temperature,  

оС 
 

Composition of the product, mass % 

Monome-
thylolurea 

Condensation 
product 

Free 
urea 

Monomethylolurea – 40 
Formaldehyde – 0 
Urea – 0  
Water – 60,0 

2 

75 

100 0 0 

5 100 0 0 

10 100 0 0 

20 98,5 1,5 0 

30 88,3 7,1 4,6 

Dimethylolurea 34 
Formaldehyde – 3,0 
Urea – 0  
Water – 60,0 

2 

75 

91,9 0 9,1 

5 91,9 0 9,1 

10 91,9 0 9,1 

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 оC 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, оC methylol Methylene 

5,5 

70 86 14 

90 72 28 

95 65 35 

6,0 

70 92 8 

90 86 14 

95 76 24 

6,5 

70 100 0 

90 100 0 

95 90 10 

7,0 

70 100 0 

90 100 0 

95 92 8 

 
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, оC methylol Methylene 

5,5 

70 81 19 

90 69 31 

95 62 38 

6,0 

70 86 14 

90 82 18 

95 73 27 

6,5 

70 100 0 

90 100 0 

95 83 17 

7,0 

70 100 0 

90 100 0 

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 оC. 

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 оC. 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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Резюме 
 

Ф. Р. Ермаханова, С. Ұсманов, Г. Т. Омарова 
 

ЖЕКЕ МОЧЕВИНО-ФОРМАЛЬДЕГИДТІК ҚОСЫЛЫСТАР МЕН ОЛАРДЫҢ 
НЕГІЗІНДЕ МЫРЫШ АЦЕТАТЫМЕН ПОЛИФУНКЦИОНАЛДЫ ƏРЕКЕТТІ 
ПРЕПАРАТТАР АЛУДЫҢ ФИЗИКА-ХИМИЯЛЫҚ ТЕХНОЛОГИЯ НЕГІЗДЕРІ 

 

Төменмолекулалы мочевино-формальдегидті қосылыстар – монометилолмо-
чевина диметилолмочевина жəне метилендимочевинаның, сонымен қатар олардың 
негізінде мырыш ацетатымен полифункционалды əрекетті препараттарды жұқа 
қабатта кептірудің оңтайлы параметрлері анықталды. Кіріс параметрлері: рН 6,5–
7,4, температурасы 70-95 °С кептіру ұзақтығы 2-40 мин. Шығыс параметрлері: 
метилолды, метиленді формальдегидтер мазмұны, еркін мочевина. 

Кептірудің оңтайлы параметрлеріне жатады: рН-6,5–7,0 ерітінділер, темпе-
ратура 70–90 оС, кептіру ұзақтығы 2-10 минут. Жүргізілген зерттеулер деректері 
қатты мочевиноформальдегидті қосылыстар, сонымен қатар олардың негізінде 
мырыш ацетатымен полифункционалды əрекетті препараттар алу үшін бүркеуші 
кептіргішті ұсынуға мүмкіндік береді. 

Түйін сөздер: мочевино-формальдегидті қосылыстар, кептіру, фазалық құрам 
өзгерістері, поликонденсация, бүркеуші кептіргіш. 
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Ф. P. Ермаханова, С. Усманов, Г. Т. Омарова 

 

ФИЗИКО-ХИМИЧЕСКИЕ ОСНОВЫ ТЕХНОЛОГИИ ПОЛУЧЕНИЯ 
ИНДИВИДУАЛЬНЫХ МОЧЕВИНО-ФОРМАЛЬДГИДНЫХ СОЕДИНЕНИЙ,  

ПРЕПАРАТОВ ПОЛИФУНКЦИОНАЛЬНОГО ДЕЙСТВИЯ 
НА ИХ ОСНОВЕ И АЦЕТАТА ЦИНКА  

 

Определены оптимальные параметры сушки в тонких слоях низкомолеку-
лярных мочевино-формальдегидных соединений – монометилолмочевины, димети-
лолмочевины и метилендимочевины, а также препаратов полифункционального 
действия на их основе и ацетата цинка. Входными параметрами были: рН 6,5–7,4, 
температура 70–95 оС и продолжительность сушки 2-40 мин. Выходные парамет-
ры: содержание метилольного, метиленового формальдегида, свободной мочевины.  

Оптимальными параметрами сушки явились: рН растворов 6,5–7,0, темпера-
тура 70–90оС, продолжительность сушки растворов 2–10 мин. Данные проведенных 
исследований позволяют рекомендовать распылительную сушилку для получения 
твердых мочевино-формальдегидных соединений, а также препаратов полифунк-
ционального действия на их основе и ацетата цинка. 

Ключевые слова: мочевино-формальдегидные соединения, процесс сушки, 
изменения фазового состава, процесс поликонденсации, распылительная сушилка. 
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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:               
Wa – 8,0 %; Аd – 15,2 %; Vdaf – 38,2 %; Cdaf – 65,2 %; Нdaf – 3,9 %; Ndaf – 1,7 %; 
Qdaf – 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 cm3. 

 

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 оС 
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 оС).  

According to the obtained extreme values (figure1), 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 (R2=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 
Content  
of Fe in  

catalyst,% 

OLP, 
% 

Sludge, 
% 

Losses,  
% 

Without catalyst – 38,1 53,9 8,0 

Bauxite 706 Fe2О3 – SiО2 – Al2O3 – TiO2 1,55 42,0 50,8 7,2 

Bauxite 710 Fe2О3 – SiО2 – Al2O3 10,29 44,0 49,3 6,7 

Bauxite 916 Fe2О3 – SiО2 – Al2O3 11,55 46,5 47,7 5,8 

Bauxite 704 Fe2О3 – SiО2 – Al2O3 14,40 47,6 54,6 2,8 

Bauxite 094 Fe2О3 – SiО2 – Al2O3 16,59 51,3 45,5 3,2 

Bauxite 110 Fe2О3 – SiО2 – Al2O3 – TiO2 16,94 49,2 44,3 6,5 

Red mud Fe2О3 – SiО2 – Al2O3 – TiO2 – MnO2 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 оС) 
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 оС, and above the 
420 оС, the output decrease (figure 2) This, presumably, happens due to the fact 
that at >420 оС 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 оС with further 
decrease. 

Therefore, an optimal temperature of hydrogenation reaction for Kenderly 
coal is the temperature within 400-420 оС, 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  
(mcoal=10 g, mPU=20 g, mkt=0,67, τ=30 min., Кt- bauxite 094) 

 

Т,  
0С 

Рmax, 
МPа 

Vgaz,  
l 

OLP,%  
Sludge, 

% 

 
Losses,  

% 
tо 

180 оС 
180- 

250 оС 
250-320 

оС 
Σ фр 

350 1,1 1,8 2,4 3,1 26,2 31,7 64,8 3,5 

385 2,1 3,8 4,6 5,2 31,5 41,3 55,1 3,6 

400 2,6 4,6 4,4 5,0 36,9 46,3 51,0 2,7 

420 3,8 4,0 14,4 9,0 27,9 51,3 45,5 3,2 

440 4,4 9,0 10,2 7,8 22,5 40,5 54,4 5,1 

 

y = 0,408x + 40,73
R² = 0,764
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Резюме 
 

Ж. К. Каирбеков, И. М. Джелдыбаева, Э. Т. Ермолдина  
 

КЕНДЕРЛІК КЕН ОРНЫ КӨМІРІН ГИДРОГЕНДЕУ ҮРДІСІНЕ  
КАТАЛИЗАТОР РЕТІНДЕ ТАБИҒИ КЕНДІ МАТЕРИАЛДАРДЫ ҚОЛДАНУ 

 
Берілген жұмыста «Кендерлік» кен орны көмірін гдрогендеу үрдісіне катали-

затор ретінде бокситтердің əсері қарастырылған. Алынған тəжірибелік деректерге 
сəйкес, бағалы сұйық жəне газ тəрізді өнімдердің шығымы катализатордың құра-
мындағы темірдің жоғарылауымен арта түседі. Сондай-ақ сұйық өнімдердің тем-
пературасы мен катализатор массасына тəуелділігі зерттелінді. Катализатор масса-
сының ұлғаюымен сұйық өнімдердің шығуын катализаторсыз өңдеуге қарағанда 
50%-ға арттыру байқалады. 

Түйін сөздер: көмір, Кендерлік, катализатор, боксит.  
 

Резюме 
 

Ж. К. Каирбеков, И. М. Джелдыбаева, Э. Т. Ермолдина  
 

ПРИМЕНЕНИЕ ПРИРОДНЫХ РУДНЫХ МАТЕРИАЛОВ В КАЧЕСТВЕ 
КАТАЛИЗАТОРОВ ГИДРОГЕНИЗАЦИИ КЕНДЕРЛЫКСКОГО УГЛЯ 

 
Рассмотрено влияние бокситов в качестве катализаторов гидрогенизации угля 

месторождения «Кендерлык». Согласно полученным экспериментальным данным, 
установлено, что выход ценных жидких и газообразных продуктов повышается с 
увеличением содержания железа в катализаторе. Также была исследована зависи-
мость выхода жидких продуктов от температуры и от массы катализатора. Пока-
зано, что с увеличением массы катализатора наблюдается увеличение выхода жид-
ких продуктов на 50 % по сравнению с осуществлением процесса без катализатора. 

Ключевые слова: уголь, Кендерлык, катализатор, боксит. 
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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 оС, the temperature in the reaction zone is 70-90 оС, 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 m3/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 

 

Parameter 
Composition of the product,  

mass % 
Composition and concen-

tration of gas phase, mg/m3 

pH 
Product 

temperature, оC 
Monome-
thylolurea  

Condensation 
product 

Free 
urea  

Formal-
dehyde 

Dust 
products  

7,0 

70 97,5 0 2,5 100 200 

90 97,5 0 2,5 100 300 

95 97,5 1,0 2,5 110 400 

6,8 

70 97,5 0 2,5 100 250 

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/m3 and the dust of the product is 200-250 mg/m3, 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  
conditions 

Composition of the product,  
mass % 

Composition and concentration 
of the gas phase, mg/m3 

pH 
Product 

temperature, оC 
Monome-
thylolurea 

Condensation 
product 

Free 
urea 

Formal-dehyde 
Dust 

products 

7,0 

70 90,9 0 9,1 150 220 

90 90,9 0 9,1 150 340 

95 88,4 2,0 9,6 160 400 

6,8 

70 91,9 0 8,1 150 260 

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/m3 of formaldehyde and 220-370 
mg/m3 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/m3. 

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 

1 

Temperature:   

a) of coolant at the inlet to the spray dryer оС 250-300 

b) of coolant at the outlet from the dryer оС 80-90 

c) UFC pulp оС 40-45 

d) powdered product of MPS in the reaction zone оС 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 m3/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 оС 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 

 

Double 
connection 

Experiment conditions 
Mass fraction  

of formaldehyde  
in the product,% 

Concentration  
of the gas phase, 

mg/m3 

pH 
Product’s  

temperature, оC 
Methylol Methylene 

Formal-
dehyde 

Product 
dust 

Monome-
thylolurea  

zinc acetate 

7,0 
 

70 100,0 0 55 200 

90 100,0 0 55 280 

95 98,5 1,5 70 360 

6,5 

70 100,0 0 60 230 

90 100,0 0 60 300 

95 95,0 5,0 80 450 

Dimethylolurea 
zinc acetate 

7,0 
 

70 100,0 0 70 240 

90 100,0 0 70 350 

95 95,0 4,5 90 430 

6,5 

70 100,0 0 85 250 

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/m3 and the dust of the product is 200-380 mg/m3, 
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/m3 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 

1 

Temperature:   

a) of coolant at the inlet to spray dryer оС 250-300 

b) coolant at the outlet from the dryer оС 80-90 

c) pulp of the preparation оС 40-45 

d) a powdered preparation in the reaction zone оС 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 
The residence time of the preparation in the reaction 
zone 

minutes 2-5 

6 The moisture content % 2,0-4,0 

7 Air consumption for drying m3/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 оС, the moisture content of the obtained products is 1-4%. The 
off-gas contains 55-150 mg/m3 of formaldehyde and 200-380 mg/m3 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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Ф. Р. Ермаханова, С. Ұсманов, Г. Т. Омарова 

 
ЖЕКЕ МОЧЕВИНО-ФОРМАЛЬДЕГИДТІК ҚОСЫЛЫСТАР МЕН  

ОЛАРДЫҢ НЕГІЗІНДЕ МЫРЫШ АЦЕТАТЫМЕН ПОЛИФУНКЦИОНАЛДЫ 
ƏРЕКЕТТІ ПРЕПАРАТТАР АЛУДЫҢ ТЕХНОЛОГИЯСЫН ЗЕРТТЕУ 

 
Мақалада төменмолекулалы мочевино-формальдегидтік қосылыстар мен 

олардың негізінде мырыш ацетатымен полифункционалды əрекетті препараттарды 
бүркеуші кептіргіште алу процессінің зерттеулері көрсетілген. Оларды алудың оң-
тайлы технологиялық параметрлері: жылуұстағыш температурасы 250-300 оС, реак-
циялық алаңда температурасы 70-90 оС, алынған өнімдердің ылғалдылығы 1-4%. 

Түйін сөздер: мочевино-формальдегидті қосылыстар, мырыш ацетаты, поли-
функционалды əрекетті препараттар, кептіру процесі, фазалық құрам өзгерістері, 
поликонденсация процессі, бүркеуші кептіргіш. 

 
 

Резюме 
 

Ф. Р. Ермаханова, С. Усманов, Г. Т. Омарова 

 
ИССЛЕДОВАНИЕ ТЕХНОЛОГИИ ПОЛУЧЕНИЯ ИНДИВИДУАЛЬНЫХ 

МОЧЕВИНО-ФОРМАЛЬДЕГИДНЫХ СОЕДИНЕНИЙ И  
ПРЕПАРАТОВ ПОЛИФУНКЦИОНАЛЬНОГО ДЕЙСТВИЯ НА ИХ ОСНОВЕ  

И АЦЕТАТА ЦИНКА В РАСПЫЛИТЕЛЬНОЙ СУШИЛКЕ 
 

Исследован процесс получения низкомолекулярных мочевиноформальдегид-
ных соединений, препаратов полифункционального действия на их основе и ацетата 
цинка в распылительной сушилке. Определены оптимальные технологические пара-
метры их получения: температура теплоносителя 250-300 оС, температура в реак-
ционной зоне 70-90 оС, влагосодержание полученных продуктов 1-4%.  

Ключевые слова: мочевино-формальдегидные соединения, ацетат цинка, пре-
параты полифункционального действия, процесс сушки, изменения фазового соста-
ва, процесс поликонденсации, распылительная сушилка. 
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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 
(1,2,4-Trihydroxyanthraquinone) 

Alizarin 
(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. 
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EXPERIMENT 
 

Materials and methods. Samples of 100% bleached cotton fabric, article 
1030, with size 200x200mm and surface density of 147 g/m2, 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 Na2SiO3 in the mass ratio of water: Na2SiO3 equal to 9: 1) with a density 
of 1.36 g/m3. 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, AlK(SO4)2 was chosen. 

Extraction of the dye. Pre-dried and shredded roots of the madder dyeing 
(10 g/l) 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/l of AlK(SO4)2, 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/l). 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/l). 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 



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
71

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 
 

Sample 

Concen-
tration  

of liquid 
glass,  

g/l 

Concen-
tration 

of citric 
acid, 
g/l 

Tempe- 
rature  
of heat 

treatment, 
С 

K/S 
Colour fastness  

for friction 

Without 
washing 

After 
5  

washing 

After 
10  

washing 

dry 
 

wet 
 

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 
 

Sample 

Concen-
tration  

of liquid 
glass,  

g/l 

Concen-
tration  

of citric 
acid,  
g/l 

Tempe-
rature  
of heat 

treatment, 
С 

Inflexibility, cN 
Tensile 

strength, N 

Coloured 
by  

sol-gel 
 

Treated  
by sol-gel, 

without  
colorant 

Main Weft 

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,  
treated by AlK(SO4)2 

0 0 0 9.878 9.898 409 249 

 

 
 

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 
 

Absorption 
peaks, cm-1 

Description Possible cause 

440 -S-S- Use of alumina potassium alum 

561 C-H – 

615 C-Cl or CH-O-N=O – 

668 Presence of benzole ring Presence of dye 

1025 
Alkylcyclopropanes  

or benzole ring existence 
Presence of dye 

1057 Si-O Presence of silicon oxide 

1115 Acetals – 

1166 
Alkylsulfones  

or disubstituted sulfomides 
Due to the reaction of alumacalic alum  
with a dye, the formation of lacquers 

1377 -СН3 – 

1431 Dimers of carboxylic acids – 

1630 Crystallization Water 
Non-full dehydration of Cellulose  

and Gel Coating 

2170 -NH3 – 

2899 AlK(SO4)2 
Remains of unreduced alumina  

potassium alum 

3403 -OH Presence of cellulose 
 

The absence of peaks in the region of 1870-1770 cm-1, indicates the absence 
of sodium citrate salts, the peaks at 559 and 667 cm-1 indicate the availability of 
tetrapyroll, which confirms the presence of the dye. 

 

Figure 3 –  
The SEM image of coloured sample 
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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 ЭКСТРАКТЫ МЕН  
ЗОЛЬ-ГЕЛЬ ƏДІСІН ҚОЛДАНА ОТЫРЫП ЦЕЛЛЮЛОЗАЛЫ  
ТЕКСТИЛЬ МАТЕРИАЛДАРЫН ҮЗДІКСІЗ ƏДІСПЕН БОЯУ 

 

Мақалада целлюлозалы текстиль материалдарын табиғи текті бояғыштармен 
золь-гель əдісі арқылы бояудың жаңа əдісі ұсынылған. Зерттеу жұмысының негізгі 
нəтижесі болып маталарды марена бояғышы мен золь-гель əдісін пайдалана отырып 
экологиялық қауіпсіз бояу технологиясының құрастырылуы болып табылады. Ол 
текстиль материалының прекурсор мен гидролиз католизаторында сіңіріліп, одан 
кейін кептіру жəне термоөңдеу процестері арқылы жүзеге асады. Өңдеу пара-
метрлерінің текстиль материалының физико-механикалық қасиеттері, бояу интен-
сивтілігі мен беріктілігі зерделенген. Нəтижесінде, 10 жуудан кейін бояу интенсив-
тілігінің жоғары деңгейі натрий силикатының 100 г/л мөлшеріндегі, 160 °C термо-
өңдеуден өткен үлгілер көрсетті. Сонымен қатар электронды микроскопия əдісін 
қолдана отырып функционалды жабын мен бояғыштың бекітілгені зерделенген. 
Зерттеу нəтижесі целлюлозалы текстиль материалдарын өңдеу өндірісінде пайда-
лауға болады.  

Түйін сөздер: натрий силикаты, золь-гель, колорлау, табиғи бояғыштар. 
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НЕПРЕРЫВНЫЙ СПОСОБ ОКРАШИВАНИЯ ЦЕЛЛЮЛОЗНЫХ  
ТЕКСТИЛЬНЫХ МАТЕРИАЛОВ ЭКСТРАКТОМ «RUBIA TINCTORUM»  

С ИСПОЛЬЗОВАНИЕМ МЕТОДА ЗОЛЬ-ГЕЛЬ 
 

В статье приведен новый способ окрашивания целлюлозных текстильных ма-
териалов золь-гель методом с применением красителей растительного происхожде-
ния. Основным результатом исследования является разработанная экологически 
безопасная технология колорирования тканей с применением золь-гель метода и 
экстракта марены красильной, которая состоит в последовательной пропитке текс-
тильного материала в прекурсоре и катализаторе гидролиза с последующей сушкой 
и термообработкой. Исследовано влияние параметров обработки на физико-меха-
нические свойства ткани, интенсивность и прочность окраски. Выявлено, что наи-
большей интенсивностью окраски после 10 стирок обладают образцы, обработан-
ные при концентрации жидкого стекла, равной 100 г/л, и прошедшие термическую 
обработку при 160 С. Так же применен метод электронной микроскопии, результа-
ты которого доказывают наличие функционального покрытия и фиксации красителя 
в его объеме. Результаты исследования могут быть применены в отделочном произ-
водстве текстильных целлюлозосодержащих материалов. 

Ключевые слова: силикат натрия, золь-гель, колорирование, растительные 
красители. 
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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(NO3)2 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 (А) 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 А and ECH in the presence of NaOH (50°С, 6 h). 
 

 
H2C CH

O

CH2

N

H2C CH

O

CH2

+ 2 HCl

 
 

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°С for 5–6 h, after which the reaction mass was cured at 
100°С 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–1) 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]. 

 

 
 

Figure 1 – IR spectra of anion exchanger A–ECH–PEPA. 
(I) Intensity and (ν) wavenumber 

 

The elemental composition of the anion exchanger А–ECH–PEPA (found/cal-
culated, %) is as follows: С 74.23/73.84, Н 16.32/16.48, N 5.76/5.50, О 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 

 

Anion  
exchanger 

SECHCl, 
mg-equiv/g 

Vsp , 
ml/g 

Chemical stability in solutions, % 
Thermal stability  

in water, % 5 N 
H2SO4 

5 N 
NaOH 

10% 
H2O2 

А–ECH–PEPA 3,03 4,2 89,9 91,4 70,0 91,8 
 

Sorption of lead (II) ions onto А–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°С), concentration of lead ions in 
Pb(NO3)2 solutions from 0.227 to 2.072 g/l, pH 1.1–5.8 (adjusted by adding 5 N 
НNO3). The pH values were measured with a рН-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(NO3)2. 

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 М NH4Cl supporting electrolyte from the Pb (II) reduction wave     
(Е1/2 = −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°С 
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(NO3)2 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 Pb2 + 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 А–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(NO3)2 
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Figure 2 – Isotherm of Pb2+ sorption onto А–ECH–PEPA anion exchanger. Contact time 7 days,  
pH 5.8. SC – sorption capacity (mg/g), CPb eq – equilibrium concentration (g/L) 

 
 

Figure 3 – Dependence sorption capacity of А–ECH–PEPA anion exchanger  
on the acidity of solution Pb(NO3)2. СPb = 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               
А–ECH–PEPA anion exchanger reach maximal values and SC is 528.4 mg Mo/g. 

Figure 4 shows the lead ions sorption isotherm for А–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 А–ECH–PEPA anion 
exchanger is 528.4 mg/g. 
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Figure 4 – Dependence sorption capacity of А–ECH– PEPA anion exchanger  
on the duration contact time (τ) of resin with Pb(NO3)2 solution. СPb = 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 Pb2+ 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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АНИЛИН, ЭПИХЛОРГИДРИН ЖƏНЕ ПОЛИЭТИЛЕНПОЛИАМИН НЕГІЗІНДЕ 
АЛЫНҒАН АНИОНИТПЕН ҚОРҒАСЫН (II) ИОНЫНЫҢ СОРБЦИЯСЫН ЗЕРТТЕУ 

 

Анилин, эпихлоргидрин жəне полиэтиленполиамин негізіндегі полифункцио-
налды анионитпен классикалық поляграфия əдісі арқылы қорғасын ионының сорб-
циясы зерттелді. Ерітінді концентрациясымен рН көрсеткіші қорғасын (II) ионын 
бөліп алу қасиетін зерттеу барысында, ерітіндідегі Pb концентрациясының көбеюі-
мен иониттің сорбциялық сыйымдылығы артатындығын көрсетті. Аниониттің оң-
тайлы рН мəні 3.7, тең болған жағдайда сіңіру сыйымдылығы 528.4 мг Pb/г құрайды.  

Түйін сөздер: сорбция, қорғасын иондары, анион алмастырғыш, сорбциялық 
сыйымдылық. 
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ИЗУЧЕНИЕ СОРБЦИОННОЙ СПОСОБНОСТИ АНИОНИТА,  
ПОЛУЧЕННОГО НА ОСНОВЕ АНИЛИНА, ЭПИХЛОРГИДРИНА  

И ПОЛИЭТИЛЕНПОЛИАМИНА, ПО ИОНАМ СВИНЦА 
 

Синтезирован полифункциональный анионообменник на основе анилина, 
эпихлоргидрина и полиэтиленполиамина; были изучены состав и структура 
анионита методами ИК-спектроскопии и элементного анализа. Исследован процесс 
сорбции свинца методом классической полярографии и найдены зависимости 
сорбции ионов Pb2+ в статическом режиме от кислотности растворов, концентрации 
ионов металлов и продолжительности контакта ионитов с раствором Pb(NO3)2. 
Установлено, что данный ионообменник обладает высокими сорбционными 
свойствами по отношению к ионам свинца. Научная новизна исследования состоит 
в том, что впервые была изучена сорбционная зависимость по отношению к ионам 
Pb2+ синтезированным ионитом. Практическая значимость данной работы 
заключается в том, что разработанный сорбент с повышенной сорбционной 
способностью может успешно решить проблемы очистки технологических стоков 
цветной металлургии от ионов свинца (II). 

Ключевые слова: сорбция, ионы свинца, анионит, сорбционная емкость. 
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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). It 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). It 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). It 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, τ = 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; c) nickel hydroxide 

 
the solution, it is possible to assume the formation of the Ni (OH) 2 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)2 and Ni (NO3)2 · 6H2O 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)2, 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 Ca2 + on NH4 

+ 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 50-5cm-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: CaMoO4, NiMoO4, 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 = 3.08Å from the 
crystalline nickel molybdate. However, the absence of narrow lines with d = 2.73 
and 2.06 Å on X-ray diffraction patterns indicates a high dispersion of the nickel-
molybdate structures formed. Nickel-molybdate associates appear as broad bands 
from  Ni2 + with maxima at 12.9; 20.0; 23.2; 26.6 cm-1. The highly dispersed phase 

 

 
 

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-1 and a number of 
diffuse bands at 15.4; 21.8; 23.2; 25.0 cm-1. In a large region at 26.3 and 27.7 ks-1, 
Mo5 + ions are also absorbed, whose presence is confirmed by the decrease of 
these bands after oxidation of the latter with hydrogen peroxide to Mo6 +. Mo6 + 
ions appear in the spectra with a broad absorption band with a maximum of            
29.4 ± 30.7 ks-1 and a shoulder of about 41.7 ks-1. ts high intensity and some shift 
to the low-frequency region indicate the predominance of structures of the                 
Мо6+

Td - O - Мо6+
oh type, which determine the presence of Brönsted acid sites 

with рКа<-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, CaMoO4, NiMoO4 and other compounds are present. But, the 
intensity and quantity of CaMoO4 formed is lower than when nickel is applied to 
calcined molybdenum-zeolite. 

 

 
 

Figure 4 – EDS of catalysts on a thermoregenerated (1-2) and activated by 0.1% HCl zeolite (3-6).  
Air-dry (1.3), calcined 823 K (2,4-6). The ratio of NiO: MoO3 = 1: 1 - (1-4) 

 
The appearance of new absorption bands in the spectrum of about 12,8 and 

12,8 ksm-1 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-1, moderate bands at 20,0; 
23,8 ksm-11 and an intense wide band of Mo6 + 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: MoO3 1: 1 (No. 1), 1: 2 (No. 2) and 2: 1 

1 

5 
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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 CaMoO4 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 CaMoO4 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 Å. 

 

 

 
 

a 
 
 
 
 
 
 
b 
 
 
 
 
 
 
 
c 

 
Figure 5 – Radiographs: a) Catalyst (No.1) - NiO: MoO3 1: 1;  

b) catalyst (No. 2) - NiO: MoO3 1: 2; c) Catalyst (No.3) - NiO: MoO3 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 NiMoO4 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 NiMoO4 with CaA in this system 
Elimination of the interaction of the catalyst components - NiMoO4 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 NiMoO4 on zinc aluminate 
showed high results in the hydrogenation and isomerization processes.It was 
found that the NiMoO4 catalyst on ZnAl2O4 is polyfunctional. At the same time, 
deep hydrogenation, isomerization, dehydrocyclization, cleavage and other 
reactions take place. A catalyst NiMoO4 on BaAl2O4 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 (Fe2O3/СаА (Fe2O3/ZSM), 
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NiO/СаА (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 350-3600С) 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 μm. with the programming of the temperature 
of the thermostat 60-2500C at a temperature rise rate of 6 0С/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 μm. 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 1-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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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 11,6Ǻ, 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 Fe2O3 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 Fe2O3.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 
Fe2O3/CaA, at which the CH bond in the paraffin molecule. 
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МАЗУТ ФРАКЦИЯСЫНЫҢ ГИДРОГЕНИЗАЦИЯ ҮРДІСІНДЕГІ 
 ЦЕОЛИТ НЕГІЗІНДЕ КОМПОЗИТТІ КАТАЛИЗАТОРЛАРДЫҢ ƏСЕРІ 

 

Көмірсутекті шикізат органикалық жəне минералды заттардың қоспасы болып 
саналып, конденсирленген ароматикалық көмірсутектерінен жəне жоғары молеку-
лалық қосылыстардан тұрады. Мақалада ауыр көмірсутегі шикізатының – мазут 
фракциясының гидрогенизация нəтижелері көрсетілді. Мазут фракциясының цеолит 
тасымалдағышы қатысында, жоғарыдисперсті темір жəне кобальт құрамды қосы-
лыстармен импрегнирленген қоспалар қатысындағы гидрогенизация үрдісі нəтиже-
сінде келесі тұжырым жасауға болады, синтезделген катализатор зерттеу ныса-
нының гидрлеу, гидродеструкция үрдістері кезінде жоғары белсенділігін көрсетеді. 
Газ, фракция мен кокс көлемдері анықталды. Ыдырау тереңдігі ретінде газ+фрак-
циясының қосындысы алынған. Цеолиттің белсенділігінің жоғарлауымен энерго-
ыңғайлы кокс түзілуі қайта бөлу-полимеризациялану механизммен салыстырғанда 
конденсациялау бойынша тезірек жүреді.  

Түйін сөздер: гидрогенизация, мазут фракциясы,температура, сутегі қысымы, 
катализатор. 
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ВЛИЯНИЕ КОМПОЗИТНЫХ КАТАЛИЗАТОРОВ НА ОСНОВЕ ЦЕОЛИТА  
В ПРОЦЕССЕ ГИДРОГЕНИЗАЦИИ ФРАКЦИИ МАЗУТА 

 

Углеводородное сырье состоит из конденсированных ароматических углеводо-
родов и других высокомолекулярных соединений, является сложной смесью орга-
нических и минеральных веществ. В работе представлены результаты гидрогениза-
ции тяжелого углеводородного сырья – фракции мазута. В процессе гидрогенизации 
фракции мазута, в присутствии цеолитного носителя, импрегнированных высоко-
дисперсными железосодержащими добавками, можно констатировать, что синтези-
рованный катализатор проявляет высокую активность в процессах гидрирования, 
гидродеструкции объекта исследования. Определялось количество газа, фракции и 
кокса. За глубину разложения принята сумма газ+фракция. С повышением активнос-
ти цеолита более энергоемкое образование кокса по конденсированному механизму 
нарастает быстрее, чем по перераспределительно-полимеризационному механизму. 

Ключевые слова: гидрогенизация, фракция мазута,температура, давление во-
дорода, катализатор.   
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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 ZnAl2O4 and BaAl2O4 [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. 

 

 
 

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 acidsHCl, H2SO4 and HNO3.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 рКа9,3are absent. Bromphenolbluou - an 
indicator for weakly acid centers with рКа +3,8is adsorbed on hydrated samples 
mainly in two forms. As a result of adsorption on weakly acid and weakly basic 
centers, (+3,8 <рКа< +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 рКа< +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 рКа+1,5. A study of the surface of the samples dried 
at 200 ° C before the beginning revealed the presence of Brönsted 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 Brönsted centers with рКа -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<рКа<-3, 
for samples calcined at 600 °C just before probing and -6<рКа<-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 

 



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
103

The change of surface of the zeolite calcined at 600 °C depending  
on the concentration acid and its acid-base properties 

 

Samples and condition 

Concentration (mmol/g) of acid-base centers  
with pKa on the surface of activated solutions  
and mineral acids with different concentrations 

Site 
type 

-8 -6,3 -5,6 -3,3 +1,5 +3,8 +9,3 

1. Spent (unregenerated) 
2. Thermoregenerated 
(without activation) 
3. Activated by acid 
at 20-25оС,  
during11-12 hour 
0,1% HCl 
4. 1,0%HCl 
5. 2,5%HCl 
6. 5,0%HCl 
7. 3,0%HNO3 
8. 3,0%H2SO4 

– 
 
– 
 
 
– 

0,04 
0,03 

– 
– 
– 

– 
 

0,08 
 
 

0,20 
6,07 
0,24 

– 
0,8 

0,04 

– 
 

0,09 
 
 

0,21 
0,12 
0,24 
0,03 
0,20 
0,07 

0,05 
 

0,24 
 
 

0,22 
0,18 
0,32 
0,08 
0,20 
0,13 

0,13 
 

0,34 
 
 

0,32 
0,27 
0,37 
0,30 
0,21 
0,15 

0,38 
 

0,47 
 
 

0,40 
0,32 
0,39 
0,30 
0,30 
0,21 

– 
 
– 
 
 
– 
– 
– 
– 
– 
– 

В + L 
 

В + L 
 
 
В 
В 
В 
В 
В 

В + L 

 

 
 

Figure 2 – X-ray patterns:  
a) initial zeolite; b) a thermoregenerated zeolite;  

c) 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% HCl 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 рКа =                  
= -3,33,8 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, c) and ESTD (figure 3, a, b, c). 

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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МҰНАЙ ДЕАСФАЛЬТИЗАТЫН ГИДРОГЕНИЗАЦИЯЛАУҒА АРНАЛҒАН 

КАТАЛИЗАТОРЛАРДЫҢ ФИЗИКО-ХИМИЯЛЫҚ ҚАСИЕТТЕРІ 
 

Мұнай деасфальтизатын гидрогенизациялауға арналған катализаторларды алу 
жəне олардың физико-химиялық қасиеттері зерттелген. СаА-түріндегі циолитті қай-
тақ қалпына келтіру үшін терморегенерациялау жəне цеолит бетіндегі қышқылдық 
орталықтар қарастырылған.  

Түйін сөздер: катализатор, деасфальтизат, деструкция, гидрогенезациялау, 
терморегенерациялау, адсорбент, цеолит, қыздыру. 
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ФИЗИКО-ХИМИЧЕСКИЕ СВОЙСТВА КАТАЛИЗАТОРОВ  
ДЛЯ ГИДРОГЕНИЗАЦИИ ДЕАСФАЛЬТИЗАТА НЕФТИ 

 
В работе приведены способы получения катализаторов для деструктивной 

гидрогенизации деасфальтизата нефти и изучены их физико-химические и катали-
тические свойства. Также исследованы поцесс терморегенерации отработанного 
цеолита и поверхностно-кислотные свойства катализаторов на основе цеолита СаА 

Ключевые слова: катализатор, деасфальтизат, деструкция, гидрогенизация, 
тероморегенерация, адсорбент, цеолит, прокалка. 
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SYNTHESIS OF NEW NANOSIZED (NANOCLUSTER)  
COBALT (NICKELITE)-CUPRATE-MANGANITES 

 

Abstract. Synthesis of cobalt (nickelite)-cuprate-manganites of the composition 
LaMgCoCuMnO6 and LaMgNiCuMnO6 were carried out by solid-phase interaction of 
stoichiometric amounts of La2O3 ( extra-pure grade), NiO, CoO, CuO, Mn2O3 and MgCO3 
(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: LaMgCoCuMnO6 − а=14,12±0,02Å; Vo=2814,87±0,06Å3; Z=4; 
Vo

el.cell=703,72±0,02Å3; X-ray=4,19g/cm3; LaMgNiCuMnO6 − а=14,38±0,02Å; 
Vo=2973,56±0,06Å3; Z=4; Vo

el.cell =743,39±0,02Å3; X-ray=4,22g/cm3. 
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 La15/8Sr1/8NiO4, 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 LaMgCoCuMnO6 and 
LaMgNiCuMnO6 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 LaMgCoCuMnO6 and LaMgNiCuMnO6 was 
carried out by solid-phase interaction of the reagents in the range of 800-1200 ° C 
according to the reactions: 

0,5La2O3+CoO+CuO+0,5Mn2O3+MgCO3 = LaMgCoCuMnO6+CO2,     (1) 

0,5La2O3+NiO+CuO+0,5Mn2O3+MgCO3 = LaMgNiCuMnO6+CO2.       (2) 



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
107

The purity of the starting materials: La2O3 – “extra-pure grade” and the rest-
qualification “analytical grade”. The annealing time at 800-1200 ° C is 20 hours. 
Before each increase through 200 ºС (800 ºС, 1000 ºС, 1200 ºС) 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). 

 

 

a) 

 

b) 
 

Figure 1 − Electron microscopy of LaMgCoCuMnO6 (a) and LaMgNiCuMnO6 (b) 
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Table 1 − Indication of X-ray patterns of powders of nanoscale (nanocluster)  
cobalt-cuprate-manganite and nickelite-cuprate-manganite 

 

I/I0 d, Å 104/d2
exp. hkl 104/d2

calc. 

LaMgCoCuMnO6 

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 

 LaMgNiCuMnO6 

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: LaMgCoCuMnO6 − а=14,12±0,02Å; 
Vo=2814,87±0,06Å3; Z=4; Vo

el.cell=703,72±0,02 Å3; X-ray=4,19 g/cm3; 
LaMgNiCuMnO6 − а=14,38±0,02Å; Vo=2973,56±0,06Å3; Z=4; 
Vo

el.cell=743,39±0,02 Å3; X-ray=4,22 g/cm3. Satisfactory agreement of 104/d2
exp. and 

104/d2
calc. shows the correction of the results of the indication. 

Thus, nanoscale (nanocluster) cobalt-cuprate-manganite LaMgCoCuMnO6 
and nickelite-cuprate-manganite LaMgNiCuMnO6 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: 
АР05131317, АР05131333). 
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Резюме 
 

Б. Қ. Қасенов, Ш. Б. Қасенова, Ж. И. Сағынтаева,  
М. О. Түртүбаева, Е. Е. Қунышбеков 

 
ЖАҢА НАНОӨЛШЕМДІ (НАНОКЛСТЕРЛІК)  

КОБАЛЬТ (НИКЕЛИТ)-КУПРАТ-МАНГАНИТТЕРДІҢ СИНТЕЗІ 
 

Соңғы формуласы LaMgCoCuMnO6 жəне LaMgNiCuMnO6 болатын кобальт 
(никелит)-купрат-манганиттердің ситезі La2O3 (маркасы «аса таза»), NiO, CoO, CuO, 
Mn2O3 жəне MgCO3 (квалификациясы «талдау үшін таза») стехиометриялық өлшем-
дерін 20 сағат бойы 800-1200 ºС қатты фазалы əрекеттесу жолымен жүргізілді.  

Төмен температурада тепе-тең фазалар алу үшін төмен температуралық қыз-
дыруды 10 сағат бойы 400 ºС жүргізілді.  

Retsch (Германия) компаниясының «ММ301» маркалы вибрациялық диірме-
нінде үгіту жолымен поликристалдық үлгілер наноөлшемді (нанокластерлік) бөл-
шекке дейін үгітілді, «JSPM-5400» Scanning Probe Microscope «JEOL» (Япония) 
электрондық микроскопының көмегімен олардың өлшемдері анықталды. 

ДРОН-2,0 дифрактометрінде алынған жаңа наноүлгілерге рентгенофазалық 
талдау жүргізілді. Рентгенограммаларын аналитикалық əдіспен индицирлеу 
барысында синтезделініп алынған қосылыстар тор көрсеткіштері келесідей кубтық 
сингонияда кристалданатыны анықталды: 

LaMgCoCuMnO6 − а=14,12±0,02Å; Vo=2814,87±0,06Å3; Z=4; 
Vo

эл.ұя.=703,72±0,02Å3; рент.=4,19г/см3; LaMgNiCuMnO6 − а=14,38±0,02Å; 
Vo=2973,56±0,06Å3; Z=4; Vo

эл.ұя.=743,39±0,02Å3; рент.=4,22г/см3. 
Түйін сөздер: синтез, кобальт-купрат-манганит, никелит-купрат-манганит, 

лантан, сілтілі, сілтілі-жер металдары, рентгенография, наноөлшемдер, наноклас-
терлер. 

 
Резюме 

 
Б. К. Касенов, Ш. Б. Касенова, Ж. И. Сагинтаева,  

М. О. Туртубаева, Е. Е. Куанышбеков 
 

СИНТЕЗ НОВЫХ НАНОРАЗМЕРНЫХ (НАНОКЛАСТЕРНЫХ) 
КОБАЛЬТО(НИКЕЛИТО)-КУПРАТО-МАНГАНИТОВ 

 
Синтез кобальто(никелито)-купрато-манганитов в пересчете на конечные 

формулы LaMgCoCuMnO6 и LaMgNiCuMnO6 проводили путем твердофазного взаи-
модействия стехиометрических количеств La2O3 (марки «ос.ч.»), NiO, CoO, CuO, 
Mn2O3 и MgCO3 (квалификации «ч.д.а.») при температурах 800-1200 ºС в течение  
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20 ч. Для получения равновесных фаз при низких температурах проводили низко-
температурный отжиг при 400 ºС в течение 10 ч. На вибрационной мельнице ком-
пании Retsch (Германия) марки «ММ301» поликристаллические образцы новых 
соединений измельчены до наноразмерных (нанокластерных) частиц, размеры кото-
рых определены с использованием электронного микроскопа JSPM-5400 Scanning 
Probe Microscope «JEOL». 

Рентгенофазовый анализ полученных новых нанообразцов проводили на ди-
фрактометре ДРОН-2,0. Индицированием рентгенограмм соединений аналитичес-
ким методом установлено, что синтезированные соединения кристаллизуются в ку-
бической сингонии со следующими параметрами решетки: LaMgCoCuMnO6 − 
а=14,12±0,02Å; Vo=2814,87±0,06Å3; Z=4; Vo

эл.яч.=703,72±0,02Å3; рент.=4,19г/см3; 
LaMgNiCuMnO6 − а=14,38±0,02Å; Vo=2973,56±0,06Å3; Z=4; Vo

эл.яч.=743,39±0,02Å3; 
рент.=4,22 г/см3. 

Ключевые слова: синтез, кобальто-купрато-манганит, никелито-купрато-ман-
ганит, лантан, щелочные, щелочноземельные металлы, рентгенография, нанораз-
меры, нанокластеры. 
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OBTAINING ZINC-CONTAINING MICROFERTILIZERS  
METHOD OF MECHANOCHEMICAL ACTIVATION 

 

Abstract. Glauconite by H3PO4 was processed in mechanical-thermal and thermal 
system in different mass ratios. As a result, it was found that the efficiency of MСA-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: (R2O + RO)Re2O34SiO22H2O glauconite-valuable, traditional, but 
there are potassium, R2O-Na2O and K2O, RO-MgO, CaO, FeO, ReO, R2O3-Al2O3 
and Fe2O3. 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 Zn2+ salts.  

 

EXPERIMENTAL PART 
 

As a source of raw materials in Kostanay region Sokolov-Sarbai mine used 
glauconite K<1(Fe3+,Fe2+,Al,Mg)2-3[Si3(Si, Al)O10][OH]2·nH2O.  

As an additive to Glauconite, 40% of orthophosphoric acid was used. 
Glauconite (G) and 40% phosphoric acid (H3PO4) 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 ºC, 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 ZnSO47H2O 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.  

Zn2 + salt solution 60 µg/ml, 500 µg/ml, 1000 µg/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 Zn2 + ion concentration of is determined by the atomic 
absorption analysis method. 

 

RESULTS AND ANALYSIS 
 

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-H3PO4 (40%) of ZnSO47H2O system, obtained by the results of 
various characteristics after heat treatment of the product salt concentration of 
Zn2+ ions 60; 500; 1000 mg/ml P2O5cit in low concentrations falls. It’s also seen 
obviously during mechanochemical and chemical treatment.P2O5cit.men's. G. signi-
ficance of the Supreme size is: H3PO4 =1:1 mass relationship of Zn2+ ions of 60 µg/ml 
of P2O 5 concentration is observed, the size of 32,07% was revealed (table 2). 

 
Table 1 – Heat treated samples P2O5 size 

 

The ratio  
of the sample 

C0 (Zn2+), 
mkg/ml 

P2O5 total,  
% 

P2O5 the citrate 
solution, % 

Кୢୣୡ୭୫୮୭ୱୣ,  
% 

G: H3PO4 =1:1 

60 29,85 22,73 76,14 

500 18,81 13,92 74,00 

1000 12,97 8,86 68,30 

G: H3PO4 =2:1 

60 30,46 20,53 67,39 

500 14,26 9,37 65,70 

1000 14,02 9,16 65,30 

G: H3PO4 =3:1 

60 23,03 15,43 66,99 

500 11,99 8,90 66,99 

1000 11,89 7,28 61,22 

G: H3PO4 =4:1 

60 12,14 6,70 55,18 

500 11,78 5,13 43,54 

1000 12,01 5,82 45,96 
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Table 2 – Glauconite-H3PO4 (40%) system ZnSO47H2O MOSS concentration  
of various salts-characteristics obtained after heat treatment of the product 

 

The ratio  
of the sample 

C0 (Zn2+), 
mkg/ml 

P2O5total, 
% 

P2O5 the citrate 
solution, % 

Кୢୣୱୡ୭୫୮୭ୱୣ,  
% 

 
G: H3PO4 =1:1 

60 36.22 32.07 88.54 

500 21.00 17.92 85.33 

1000 16.58 13.86 83.60 

 
G: H3PO4 =2:1 

60 24.15 19.53 80.86 

500 18.36 16.37 78.82 

1000 13.01 10.46 72.50 

 
G: H3PO4 =3:1 

60 21.38 18.32 76.33 

500 14.99 11.90 74.42 

1000 11.89 9.28 77.27 

 
G: H3PO4 =4:1 

60 15.14 11.70 75.29 

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-1. Identification of the samples was performed 
by comparison with data debating.  

Glaukonit primary δ(O3PO) in the area of deformation vibrations of when the 
IR spectrum in this area 471,12 oscillation frequency, cm-1, which look line. A 
frequency at 875.17, 779.28, 797.13, 713.12 cm-1) line γ (P-OH ) and describes 
the relationship of oscillations (figure 1). 

However, 1630.69, 1429.17 cm1 line δ (P-OH )was characterized by 
oscillations. And the frequency of 2513.55, 3434.93 cm-1 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-1 vibrations sistery PO4 

3 - ions, are described. But in contrast to 
the phosphate ions it is possible to trace lines. The frequency of oscillations 460, 
471 cm-1, 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-1) lines of 
the Si-O-Si vibrations and characterizes the figure 1. Glauconite primary any IR 
spectra  

Glauconite δ, thermally processed (O3PO) in the zone of deformation vibra-
tions of the IR spectrum of the curve 471.12 oscillation frequency, cm-1 lines were 
visible. A frequency 779.08, 797.13 cm-1) line γ (P-OH ) and describes the rela-
tionship of oscillations (figure 2). 
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Figure 1 – Glauconite primary any IR spectra 
 

 
 

Figure 2 – Glauconite: H3PO4 (40%) = 1:1 system Zn2 + ions 60 µg/ml,  
the concentration of the sample after thermal treatment IR spectrum 
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However, 1623.34 cm-1 line δ( P-OH) and was characterized by oscillations. 
520.30 oscillation frequency, 466.87 cm-1 vibrations sistery PO4

3- 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 
δ(O3PO) was characterized by the deformation vibration of connection with the 
area (figure 3). 

 

 
 

Figure 3 – Glauconite: Н3РО4 (40%) = 1:1 system Zn2+ ions of 60 µg/ml and  
the concentration of the sample after the heat treatment of MOSS IR range 
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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-1 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) – Н3РО4 (40%) of the system ZnSO47H2O as a result, 

identify the optimum temperature for heat treatment. In 450 0C colors were turned 
into light brown beige, also was left free . 

2. It was determined by rule that G(glauconite)-mass tinasteride system 
Н3РО4(1:1; 2:1; 3:1; 4:1 ) ZnSO47H2O salt (60; 500; 1000 µg/ml) whileare 
increasing the size of the Р2О5 is decreasing. 

3. Were determined the favorable conditions: G: H3PO4 =1:1 mass rela-
tionship of Zn2+ ions of 60 mcg/ml concentration 450 0С. Kadyrow, 76,14%.  

4. G(glauconite) – Н3РО4 (40%) of the system ZnSO47H2O in the treatment 
compared to heat treatment with salt K MOSS, 88.54% revealed that. 
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ҚҰРАМЫНДА Zn-БАР МИКРОТЫҢАЙТҚЫШЫН  
МЕХАНОХИМИЯЛЫҚ АКТИВТЕУ АРҚЫЛЫ АЛУ 

 
Глауконит – H3PO4 жүйесінің əртүрлі массалық қатынастары термиялық, меха-

нохимиялық-термиялық өңдеуден өткізілді. Нəтижесінде термиялық өдеуге Қара-
ғанда МХА-термиялық өдеудің тиімділігі анықталды. ИК-спектрлер мен рентген-
флуоресцентті талдау жүргізілді. 

Түйін сөздер: термиялық, механохимиялық, глауконит, микротыңайтқыш, 
фосфор қышқылы 
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ПОЛУЧЕНИЕ Zn-СОДЕРЖАЩИХ МИКРОУДОБРЕНИЙ 

МЕХАНОХИМИЧЕСКИМ СПОСОБОМ  
 

Проведена термическая и механохимическая обработка в системе глауконит – 
H3PO4 в разных массовых соотношениях. В результате химического анализа уста-
новлено, что механохимическая обработка более эффективна, чем термическая.  

Приведены результаты исследований ИК-спектроскопии и рентгенофлуорес-
центные. 

Ключевые слова: термический, механохимический, глауконит, микроудобре-
ния, фосфорная кислота. 
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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 ZnCl2, 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 (II), 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 3,0·10-2 Sm·cm-1, which is less than that of the "pure" PAni,                    
3,4 Cm·cm-1, 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 μm). 
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When doping PAni by transition metal ions using the electropolymeriza-
tionmethod, a greater effect of Zn2+ ions on electrically conductive properties was 
observed than Ni2 +, Co2 + and Cu2 + ions: in the case the electrical conductivity of 
the PAni / ZnCl2 composite increases to 6,42 Sm·cm-1 compared to the PAni in 
the form of a hydrochloride salt, for which has a value of 1,87 Sm·cm-1 [9]. 

In this paper, the results of studies of zinc-containing composites based on 
the mixed PAni+AFP polymer obtained by the introduction of ZnCl2, 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 
NH4OH 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 800С 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 1800С for 2 hours. The ratio of ani-
line to AFP was 2:1, and the ratio of aniline / ZnCl2 (ZnO, Zn) was 1:1 and / or 1:2. 
To fabricate all the composites, a thermally treated AF-polymer was used (at            
200 0С 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/m2, the temperature of 300С 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 (Vt), the rate of hydrogenation 
reaction (W) and the conversion of the hydrogenated substance (α) 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+ZnCl2 (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+ZnCl2 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 o-NA can 
be discussed by the results of X-ray analysis. Figures 1 and 2 shows the X-ray 
patterns of the PAni+AFP+ZnCl2 (1: 2) composites with the addition of NH4OH 
or NaOH. It should be noted that during the oxidative polymerization of aniline 
using ammonium persulfate, by-products such as H2SO4, HCl and (NH4)2SO4 are 
formed [13].In the presence of a metal salt, for example, ZnCl2, 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 NH4OH in PAni+AFP+ZnCl2 (1:2)composite, according 
to the X-ray analysis (figure 1, a), there are crystalline phases of the complex salt 
Zn4(SO4)(OH)6·4H2O, also possibly Zn(OH)2, NH4Cl, 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   NaZn4(SO4)(OH)6Cl·6H2O, 
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Figure 1 – X-ray patterns of PAni+AFP+ZnCl2(1:2)+NH4OH composite 
before (a) and after (b) the electrohydrogenation of o-NA 

 
6Zn(OH)2·ZnSO4· 4H2O are formed in the PAni+ AFP +ZnCl2(1:2) composite; in 
addition, there may be present Zn(OH)2, Na2Zn(SO4)·4H2O, and NaCl·2H2O 
(figure 2). There are also a small amount of crystalline Zn0 phases. After carrying 
out the electrohydrogenation of o-NA on this composite, the zinc content in its 
constitution increases, and the crystalline phases of its ZnO oxide appear.  

 

 
 

Figure 2 – X-ray pattern of PAni+AFP+ZnCl2(1:2)+NaOH composite 
before the electrohydrogenation of o-NA 
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According to the X-ray diffraction pattern of the PAni+AFP+ZnCl2(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. 

 

 

 
 

Figure 3 – X-ray patterns of thecomposite PAni+AFP+ZnCl2(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 o-NA, there are only crystalline phases of 
metallic zinc (Zn0) (figure 3, b) formed as a result of electrochemical reduction of 
Zn2+ 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+ZnCl2 (1:2)+NH4OHcomposite (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 Zn4(SO4)(OH)6·4H2Ocomplex 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+ZnCl2(1:2) +          
+ NH4OH composite after its application in the electrohydrogenation of o-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)+ZnCl2(1:2)+NH4OH composite  
before the electrohydrogenation of o-NA 

 

 
 

Figure 6 – Micrographs of PAni(2) + AFP(1)+ZnCl2(1:2)+NH4OH composite  
after the electrohydrogenation of o-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 – Еlectrocatalytic hydrogenation  
of o-NA on PAni(2)+AFP(1)+ZnCl2 (ZnO, Zn) composites 

 

Composites  
The zinc 

content in 1 g 
of composite 

W, ml 
Н2/min 

(α = 0,25) 

η, % 
(α = 0,25) 

 

α,  
% 
 

Сu-cathode – 3,5 25,0 71,0 

PAni(2)+AFP(1)+ZnCl2 composites  

PAni+AFP + ZnCl2 (1:2)  
PAni+AFP + ZnCl2(1:2) + NaOH 
PAni+AFP + ZnCl2(1:2) + NH4OH 
PAni+AFP + ZnCl2 (1:1), with evap. 
PAni+AFP + ZnCl2(1:1), with evap.+ ТО  

0,138 
0,243 
0,270 
0,085 
0,089 

3,8 
4,9 
5,4 
6,6 
7,0 

27,1 
34,4 
39,4 
47,7 
50,8 

85,5 
85,0 
97,7 
87,6 
92,1 

PAni(2)+AFP(1)+ZnO (Zn) composites  

PAni+AFP+ZnO (1:1) + NaOH 
PAni +AFP +ZnO (1:1) + NH4OH 
PAni+AFP+Zn (1:1) + NaOH 
PAni +AFP+Zn (1:1) + NH4OH 

0,285 
0,275 
0,384 
0,370 

5,1 
4,0 
7,1 
7,1 

33,8 
26,7 
52,3 
51,6 

99,9 
92,0 
86,4 
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 o-NA.In their presence, the electrohydrogenation 
of o-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 (Zn0) 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 ZnCl2 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 o-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 o-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 o-NA.The zinc-polymer compo-
sites obtained can bealsoapplied as a catalyst or electrocatalyst in other reactions 
of organic chemistry. 
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Н. М. Иванова, Е. С. Лазарева, Я. А. Висурханова, Е. А. Соболева 

 
ПОЛИАНИЛИННІҢ АНИЛИНФОРМАЛЬДЕГИДТІ ПОЛИМЕРМЕН 

МЫРЫШҚҰРАМДЫ КОМПОЗИТТЕРІНІҢ ҚҰРЫЛЫСЫ ЖƏНЕ БЕЛСЕНДІЛІГІ 
 

Жұмыста, АФП қатысында анилинді ZnCl2, ZnOнемесемырыш шаңын (Zn) то-
тықтырып полимерлеу үрдісіне еңгізу арқылы алынған, полианилин (ПАни)жəне 
анилинформальдегидті полимердің (АФП) аралас полимерінің негізіндегі мырыш-
құрамды композиттерінің құрылысын жəне электркатализдік белсенділігін зерттеу 
нəтижелері көрсетілген. Синтездеу жағдайларымен жəне еңгізілген допанттармен 
анықталатын, синтезделген композиттердің фазалық құрамдары анықталған. 
Мырыш катиондарының электрохимиялық тотықсыздануы жəне оның микро- жəне 
нанобөлшектері қалыптасуы нəтижесінде о-нитроанилиннің электргидрленуінде, 
алынған полимер-мырышты композиттері электркатализдік белсенділік көрсететіні 
анықталған. 

Түйін сөздер: полианилинніңанилиноформальдегидті полимермен композит-
тері, мырыш (II)хлориді,мырыш шаңы, мырыш (II)оксиді, электрокатализдік гидр-
леу, о-нитроанилин. 

 
 

Резюме 
 

Н. М. Иванова, Е. С. Лазарева, Я. А. Висурханова, Е. А. Соболева 
 

СТРОЕНИЕ И ЭЛЕКТРОКАТАЛИТИЧЕСКАЯ АКТИВНОСТЬ 
ЦИНКСОДЕРЖАЩИХ КОМПОЗИТОВ ПОЛИАНИЛИНА 
С АНИЛИНОФОРМАЛЬДЕГИДНЫМ ПОЛИМЕРОМ 

 
В работе представлены результаты исследований строения и электрокатали-

тической активности цинксодержащих композитов на основе смешанного полимера 
из полианилина (ПАни) и анилиноформальдегидного полимера (АФП), полученных 
введением ZnCl2, ZnO или цинковой пыли (Zn) в процессе окислительной полиме-
ризации анилина в присутствии АФП. Установлены фазовые составы синтезирован-
ных композитов, определяемые условиями синтеза и природой вводимого допанта. 
Показано, что полученные полимер-цинковые композиты проявляют электроката-
литическую активность в электрогидрировании о-нитроанилина благодаря осуще-
ствлению электрохимического восстановления катионов цинка (II) и формированию 
его микро- и наночастиц. 

Ключевые слова: композиты полианилина с анилиноформальдегидным поли-
мером, хлорид цинка (II), цинковая пыль, оксид цинка (II), электрокаталитическое 
гидрирование, о-нитроанилин. 
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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: 1H and 13C 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-β-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[1]. 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 
(4.4 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 × 5 μm) (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 (Rf 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-β-glucopyranoside - light yellow crystals,C21H20O11, ESI-MS, 
m/z: 471 [M+Na]+ andm/z: 270 [М]+. Tmelting = 259-2630С. 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-1, carbonylγ-pyrone1655, aromatic C=C bonds1528, 1360,                  
C-O glycoside oscillations1080, β-coupling between aglycone and sugar890, 
and1060,1040, 1030sm-1 sugar in glycoside in the form of pyranose, and so 
according to IR and UV data refers to flavones. 

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

1H NMR spectra (600 MHz, Piridin, δppm) 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 (1Н, d, J=7.0,Н-1), 3.19-3.45 (1Н, t, Н-2), 3.19-3.45 (1Н, t, Н-3), 
3.31 (1Н, t, J=8.8, Н-4), 3.11 (1Н, m, Н-5), 3.76 (1Н, d, J=12.0, Н-6а), 3.55 
(1Н, d, J=12.8, Н-6б). 

13CNMR (100 MHz, Piridin, δppm): 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-β-glucopyranoside [10, 11]. 

 

 
 

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

 
 

Luteolin β-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-β-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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VERBASCUM MARSCHALLIANUM ӨСІМДІГІНЕН  
RP-18 СОРБЕНТІ КӨМЕГІМЕН ФЛАВОНОИДТЫ БӨЛУ  

 
Қазақстанның Алтай өңірінде өсетін Scrophulariaceae (сабынкөкгүлділер) 

тұқымдас құрамындағы биологиялық белсенді заттарды зерттеуді жалғастыра 
отырып, Verbascum marschallianum (Маршалла аюқұлағы) өсімдігінен флавоноид-
тар кешені алынды. Зерттеуге арналған шикізат (Verbascum marschallianumжер үсті 
бөлігі) Шығыс Қазақстан аймағынан жеміс беру кезінде жиналған. Алғаш рет атал-
ған шикізаттан флавоноидтар кешенін бөлуде тиімді сорбент ретінде RP-18 пайда-
ланып, жеке зат ‒ лютеолиннің 7-О-β-D-глюкопиранозиді (циноразид) жоғары эф-
фективті сұйықтық хроматография (HPLC) көмегімен бөлінді. Жеке заттың құры-
лысы химиялық (қышқылдық гидролиз) жəне спектралды (1H, 13C ЯМР, УК-,               
ИҚ-спектроскопия жəне масс-спектрометрия) əдістермен дəлелденді.  

Түйін сөздер: Verbascum marschallianum, биологиялық белсенді заттар, RP-18 
сорбенті, жоғары эффективті сұйықтық хроматографиясы, қышқылдық гидролиз, 
флавоноидтар, лютеолиннің 7-О-β-D-глюкопиранозиді (циноразид).  
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ВЫДЕЛЕНИЕ ФЛАВОНОИДА С ПОМОЩЬЮ СОРБЕНТА RP-18  

ИЗ РАСТЕНИЙ VERBASCUM MARSCHALLIANUM 
 
Продолжая исследования биологически активных веществ у представителей 

семейства Scrophulariaceae(Норичниковые), изучены флавоноиды надземных час-
тей Verbascum marschallianum (коровяк Маршалла),собранного из Алтайского ре-
гиона Казахстана в период бутонизации. Для получения флавоноидного комплекса 
из надземных частей Verbascum marschallianum впервые использован эффективный 
сорбент RP-18 и с помощью высокоэффективной хроматографии (HPLC) выделено 
индивидуальное соединение (циноразид). Структура выделенного вещества доказа-
на химическими (кислотный гидролиз, щелочное расщепление) и спектральными: 
(1H и13C ЯМР, УФ-, ИК- и масс-спектрометрия) методами. 

Ключевые слова: Verbascum marschallianum, биологически активные веще-
ства, сорбент RP-18, высокоэффективная жидкостная хроматография, кислотный 
гидролиз, флавоноиды, 7-О-β-D-глюкопиранозид лютеолина (циноразид).  
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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 ε = 4,070 Rutine, Ethyl Acetate Extract 3,2%, its 
wavelength 350 nm, ε = 4,268 Quercetin compound, 90% ethyl alcohol 2,92%, 365 nm 
Wavelength , ε = 4,359 in the zone of quercetin, and 70% in ethyl alcohol 3,64%, 331 nm 
wavelength, ε=4,359 in the zone of euclidein and the final 50% of ethyl alcohol in the 
extract was 2,79%, 329 nm, ε=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 – Мақсары) 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 β-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%. 

II 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-1 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-1 with the aromatic C-H group. The 
oscillation frequency in the range of 2925-2919 cm-1 showed the oscillations of 
CH2 groups, oscillations of the O-N groups of carboxylic acid in the range of 
2853-2844 cm-1, the oscillation frequency of carbon dioxide C=O in 1633-          
1710 cm-1, and 1657 The frequency of oscillations of -1597 cm-1 corresponds to 
the groups of aromatic C=C, the frequency of the aromatic group CH2 is 1455-
1414 cm-1, the frequency of aromatic CH3 is 1381-1373 cm-1, and the frequency 
of the fluctuation is 1256-1244 cm-1 -N group, the pendulum oscillation corres-
ponds to the interval 993-843 cm-1 [14]. 
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The UV spectrum of polyphenols extracted from Carthamus leaf corresponds 
to 359 nm wavelength in diethyl ether, rutine in ε = 4,356 and 374 nm wt. In ethyl 
acetate, quercetin in ε = 4,244, 90% of the ethyl alcohol spatula with 365 nm 
wavelength, ε = 4,359 in the zone of quercetin and 70% in alcohol, 331 nm 
wavelength, ε = 4,514 in the zone of esculite and in the last 50% alcohol spirits, 
the wavelength range is 329 nm, and ε = 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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Резюме 
 

Ж. М. Ергалиева, Г. Е. Азимбаева  
 

CARTHAMUS ӨСІМДІГІНІҢ ЖАПЫРАҒЫНАН  
ПОЛИФЕНОЛ ЭКСТРАКТЫЛАРЫН БӨЛУ ƏДІСТЕРІ 

 
Carthamus өсімдігінің жапырағынан полифенолды экстрактылары бөлініп, 

құрамы мен құрылысы ИҚ-, УК-спектрлік анализ əдістері арқылы дəлелденді. Өйт-
кені, полифенолды қосылыстар медицинада қабынуға қарсы, уылдыратын, қан тоқ-
тататын, ауруға қарсы жəне бактерия жойғыш құралы ретінде, қартаю процессін 
баяулатып, жалпы иммунды жүйені күшейтеді, өсімдікпен жəне металл тұздарымен 
уланғанда, ағзадағы радиоактивті заттарды шығаруда, рак ауруларын, асқазан-ішек 
жолдарының қабынуында, кілегейлі қабықтардың қабынуында жəне т.б. ауруларды 
емдеуде қолданылатын таптырмайтын дəрілік препарат. 

Түйін сөздер: мақсары, биологиялық белсенді заттар, полифенолды қосы-
лыстар.  

 
Резюме 

 
Ж. М. Ергалиева, Г. Е. Азимбаева  

 
МЕТОДЫ ВЫДЕЛЕНИЯ ПОЛИФЕНОЛЬНЫХ ЭКСТРАКТОВ  

ИЗ ЛИСТЬЕВ CARTHAMUS  
 

Выделены полифенольные экстракты из листьев Carthamus, состав и структура 
была подтверждена с помощью ИК-, УФ-методов анализа. Полифенольные соеди-
нения применяются в медицине, как противовоспалительные, вяжущие, кровооста-
навливающие, как средство замедления процесса старения, для укрепления иммун-
ной системы, связывания солей металлов, радиоактивных веществ в организме, при 
отравлении, раке, воспалении желудочно-кишечного тракта, слизистых оболочек            
и т.д.  

Ключевые слова: сафлор, биологически активные вещества, полифенольные 
соединения. 
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T. P. MIKHAILOVSKAYA, R. KURMAKYZY, D. K. TOLEMISOVA, P. B. VOROBYEV 
 

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

МODIFYING 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 TiO2 and 
ZrO2 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:O2:H2O = 
= 1:13:94. 

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

Introduction. Nicotinic acid (NA - niacin, vitamin PP, vitamin B3) 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 β-quinoline 
with KMnO4 in an alkaline medium. Disadvantages: high expense of expensive 
KMnO4, the difficulty of implementing continuous technology, the complexity of 
the scheme for processing queen cells, a large amount of MnO2 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 HNO3, 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, d4
20 = 0.9568, 

nD
20 = 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 CO2 – 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 V2O5·4TiО2·4ZrО2 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: V2O5 < V-Zr-О < V-Ti-О< V-Ti-Zr-О. From the presented data, it can  
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The feed rate of 3-methylpyridine is 36 g, air is 550 l per 1 liter of catalyst per hour. 

The molar ratio of 3-methylpyridine:O2:H2O = 1:13:94 
 

Effect of temperature on the conversion of 3-methylpyridine (A),  
the yield of nicotinic acid (B) and CO2 (C) under oxidation conditions  
on oxide modifying catalyst V2O5 (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 

оС) 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-МЕТИЛПИРИДИНДІ БУ КҮЙІНДЕ ТОТЫҚТЫРУДАҒЫ  

ВАНАДИЙ ОКСИДТІ КАТАЛИЗАТОРДЫҢ ҚАСИЕТІНЕ ТИТАН ЖƏНЕ  
ЦИРКОНИЙ ДИОКСИДТЕРІНІҢ МОДИФИЦІРУШІ ƏСЕРІ 

 
3-метилпиридинді бу фазалы тотықтырудағы ванадий оксидті катализатордың 

қасиетіне титан жəне цирконий диоксидтерінің əсері талқыланады.  
Түйін сөздер: тотығу, 3-метилпиридин, никотин қышқылы, катализаторлар. 
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МОДИФИЦИРУЮЩЕЕ ВЛИЯНИЕ ДИОКСИДОВ ТИТАНА И ЦИРКОНИЯ  
НА СВОЙСТВА ОКСИДНОВАНАДИЕВОГО КАТАЛИЗАТОРА  

В ПАРОФАЗНОМ ОКИСЛЕНИИ 3-МЕТИЛПИРИДИНА 
 

Обсуждается влияние диоксидов титана и циркония на свойства ванадийоксид-
ного катализатора в парофазном окислении 3-метилпиридина. 

Ключевые слова: окисление, 3-метилпиридин, никотиновая кислота, катали-
заторы.   
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SELECTION OF MOBILE PHASE SYSTEMS  

FOR CHROMATOGRAPHIC RESEARCH OF 177 Lu - DOTAELA 
  

Abstract. This paper considered the experimental data on selection of the optimal 
conditions for separation of free 177Lu3+cation and labeled 177Lu-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 177 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 177Lu as the therapeutic isotope are determined by its 
nuclear characteristics: maximum β-energy (maxß = 496 keV, γ = 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 μg of lutetium chloride, with a thermal neutron flux of 2×1014 n/cm2×s 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 μl of DOTAELA solution was taken into a 
10 ml vial, so that the final concentration was 30 μg/ml, then 125 μl of acetate 
buffer with pH 4.5 was added, then 8 μL 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 μl)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. 

 

 
 

 
 

Figure 1 – Chromatograms (A and B) of 177Lu3+ 

A 

B 
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Figure 2 – Chromatogram of 177Lu-DOTAELA.  
Peaks (I): 177Lu-DOTAELA, (II): 177Lu and (III): fragments of 177Lu-DOTAELA radiolysis 

 
In figures 1 and 2, the main 177Lu-DOTAELA peak, detected by the scintil-

lation detector (NaI) 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                    
177Lu-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 177Lu-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 177Lu-DOTAELA and obtaining the chroma-
tograms of the products of its interaction with 177Lu. 

 
 

I 

II 

III 
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Figure 3 – Chromatograms: A - 177Lu3+ and B-(I): 177Lu3+ и (II) 177Lu-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                  
“177Lu-DOTAELA”, as well as the radiochemical impurities of unreacted 177Lu. 

The work was carried out with the support of G.2018 [No. AP05134384]. 

A 

B 
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ХРОМАТОГРАФИЯЛЫҚ ЗЕРТТЕУЛЕРГЕ АРНАЛҒАН  
ҰЯЛЫ ФАЗАЛЫҚ ЖҮЙЕНІ ТАҢДАУ ТАҢБАЛАУ  

ЛЮТЕЦИЙ-177 ҮШІН DOTAELA 
 

Үш рет теріс сүтбезі қатерлі ісігінің рецепторлары гонадотропинді шығара- 
тын гормондарды (GnRH) 50% істердің саны. Раканың осы түрін емдеуге арналған 
GnRH бірнеше аналогтары (агонисты жəне антагонисты) арасында пептидті антаго-
нист элаголикс (ELA) еңқызығу шылыққа ие. Ядролық физика институты Норвегия-
ның Осло университетінің зерттеушілер командасымен жұмыс істейді 177Lu деп бел-
гіленген DOTAELA негізіндегі радиофармацевтика құрылды. Терапиялық изотоп 
ретінде 177Lu артықшылығы ядролық сипаттамасымен анықталады: кішкентай ісік-
тердің радиациялық терапиясы үшін адамның ұлпасына енудің оңтайлы тереңдігі, 
сауоргандарына арналған шағын радиациялық жүктеме. Осы мақалада 177Lu3+ мен 
177Lu-DOTAELA таңбаланған комплексті қағаз хроматографиясымен бөлуге арнал-
ған оңтайлы жағдайларды таңдау туралы эксперименталды деректер келтірілген. 
Сондай-ақ, композицияның əсер етуі жəне мобильді фазаның құрамдас бөліктерінің 
бөліну сапасына, хроматографиялық қағаз түріне қатынасы қарастырылды. Натрий 
цитратының буферлік ерітіндісін ұсынатын мобильді фазаны пайдалану кезінде ең 
жоғары сапалы бөліну байқалды, рН 5.0 жəне натрий хлориді. 

Түйін сөздер: қағазхроматографиясы, жылжымалы фазасы, радиофармацев-
тика, лютеций-177, DOTAELA. 
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ВЫБОР МОБИЛЬНЫХ ФАЗОВЫХ СИСТЕМ  

ДЛЯ ХРОМАТОГРАФИЧЕСКИХ ИССЛЕДОВАНИЙ 
ДОТАЕЛА ДЛЯ ЛЮТЕЦИА-177 

 
Рецепторы для тройного отрицательного рака молочной железы выражают 

гонадотропин-высвобождающие гормоны (GnRH) более, чем в 50% случаев. Среди 
нескольких аналогов (агонистов и антагонистов) GnRH, которые были изучены для 
лечения этого типа рака, наибольший интерес представляет непептидный антаго-
нист elagolix (ELA). Институт ядерной физики работает с командой исследователей 
из Университета Осло, Норвегия, в создании радиофармацевтического препарата на 
основе DOTAELA с маркировкой 177Lu. Преимущества 177Lu в качестве терапевти-
ческого изотопа определяются его ядерными характеристиками: максимальной оп-
тимальной глубиной проникновения в ткань человека для лучевой терапии малых 
опухолей, небольшой радиационной нагрузкой на здоровые органы.  

В работе представлены экспериментальные данные по выбору оптимальных 
условий для разделения свободного катиона 177Lu3+ и меченого комплекса 177Lu-
DOTAELA с помощью бумажной хроматографии. Также были рассмотрены во-
просы влияния состава и соотношения компонентов подвижной фазы на качество 
разделения, тип хроматографической бумаги. Наиболее качественное разделение 
наблюдалось при использовании подвижной фазы, представляющей буферный 
раствор цитрата натрия с рН 5,0 и хлоридом натрия. 

Ключевые слова: бумажная хроматография, подвижная фаза, радиофармацев-
тическая, лютеций-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 



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
161

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 (II) = 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 Al2O3 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 ºC 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 ºC 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-1, which 
correspond to the vibrations of the carbonyl group (C=O); in the area of 3,450 sm-1, 
which correspond to the vibrations of the hydroxyl groups(-OH); in the area of 
2,850, 2,940 sm-1, which correspond to the vibrations of the (C=C) aromatic ring. 
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Түйін сөздер: кверцетин, Lynosyris villosa өсімдігі, хроматография, бағаналық, 
препаративті, биологиялық белсенділік, антиоксидантты, иммуномоделирлеуші, 
қабынуға қарсы. 
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В. Д. Назарова, Е. В. Аханькова, А. У. Бектемисова 

  
ВЫДЕЛЕНИЕ КВЕРЦЕТИНА  

ИЗ РАСТЕНИЯ LYNOSYRIS VILLOSA 
 

Химический состав растения «Lynosyris villosa» изучается впервые. Из расте-
ния выделили агликон-кверцетин флавоноидной природы. Применяя разные виды 
хроматографии, колоночную, адсорбционную, препаративную, выделили кверцетин 
в чистом виде и доказали его строение физико-химическими методами анализа.  

Ключевые слова: кверцетин, растение Lynosyris villosa, хроматография, коло-
ночная препаративная, биологическая активность, антиоксидантная, иммуномоде-
лирующая, противовоспалительная. 
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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, tmelt. = 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 melt. = 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 melt. = 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 Niсolet 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 (Tb.d.) and glass transition (Tg.t.) of the samples 
was determined. 

The mechanical properties of the films - tensile strength (σt.s.) and elongation 
(l), for samples measuring 10×10 mm2, 0.45–0.55 μm 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 оС, which is a good prerequisite for 
combining with heat-resistant (co)polyimides (Тb.d. 380 оС). 
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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 DADPhE 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–O group is overlapped by the bands of the carbonyl of the imides ring and the 
amide acid retained in the CPI1 and prescribed by one band in the region of 
1681–1691 cm-1. 

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-1) 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-1) 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 Figure1 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-1, 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-1 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]. 

 

 
 

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 – CPI2 + 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. 
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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 Тg.t, 
оС Т b.d., 

оС σ t.s., MPа l, % 

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. 

 
REFERENCES 

 
[1] Svetlichny V.M., Kudryavtsev V.V. Polyimides and problems of creating modern struc-

tural composite materials // High-molecular Compounds. Ser. B. 2003. Vol. 45, N 6. P. 984-1036. 
[2] Sazanov Yu.N. Applied value of polyimides // J. Appl. Chem. 2001. Vol. 74, issue 8.                    

P. 1217-1234. 
[3] Zhubanov B.A., Kravtsova V.D., Bekmagambetova K.Kh., Akhmettaev D.D. Electrical 

properties of alicyclic polyimides. Almaty: Nauch. ed. Open Company «Print-S», 2010. 225 p. 
[4] Novakov I.A., Orlinson B.S., Brunilin R.B., Potaenkova E.A. Soluble polyimides and co-

polyimides with enhanced hydrolytic stability based on [(2-amino-)- and (2-aminomethyl-) bicyclo 
[2.2.1] hept-3-yl] anilines // Vysokomolek. Soed. Ser. A-B. 2010. Vol. 52, N 10. P. 1861-1865. 



ХИМИЧЕСКИЙ ЖУРНАЛ КАЗАХСТАНА 
  

 
170

[5] Yang C.Y., Hsu S.L.C., Chen J.S. Synthesis and properties of 6FDA-BisAAF-PPD 
copolyimides for microelectronic application // Appl. Polymer Sci. J. 2005. Vol. 98, N 5.                         
P. 2065-2069. 

[6] Zhubanov B.A., Almabekov O.A., Kravtsova V.D. Synthesis and study of salts of poly-
amido acids based on tricyclodecene tetracarboxylic acid dianhydride // Vysokomolek. Soed. 1984. 
Vol. 26 B, N 5. P. 337-340. 

[7] Weissberg A., Proskauer E., Riddick J., Tups E. Organic solvents. M.: IL, 1958. 519 p. 
[8] Gordon A., Ford R. The chemist's companion. M.: Mir, 1976. P. 437-444. 
[9] Papisov I.M. Polymer-polymer interactions and its role in the formation of macromo-

lecules // Proceedings of the Symposium "Kinetics and Mechanism of Macromolecular Reactions". 
M., 1971. P. 19. 

[10] Bekturov E.A., Bimendina L.A. Interpolymer complexes. Alma-Ata: Science of the 
Kazakh SSR, 1977. P. 265. 

[11] Manson J., Speering L. Polymer mixtures and composites. M.: Chemistry, 1979. 439 p. 
[12] Zhubanov B.A., Iskakov R.M., Sarieva R.B., Abadi M.J. New composite film materials 

based on alicyclic polyimide // J. Appl. Chem. 2007. Vol. 80, issue 5. P. 856-861. 
[13] Strepikheev A.A., Derevitskaya V.A. Fundamentals of chemistry of high-molecular 

compounds. M.: Chemistry, 1975. P. 219. 
[14] The chemist's companion. M.: Mir, 1976. P. 208, 202. 
[15] Brief chemical encyclopedia: in 5 vol. M.: Sov. Encyclopedia, 1965. Vol. 4. P. 96, 102. 
[16] Encyclopedia of polymers: in 3 vol. M.: Sov. Encyclopedia, 1974. Vol. 2. P. 430. 
[17] Rabek Ya. Experimental methods in the chemistry of polymers: in 2 parts. M.: Mir, 1983. 

Part 1. P. 33. 
[18] Rabek Ya. Experimental methods in the chemistry of polymers: in 2 parts. M.: Mir, 1983. 

Part 2. P. 173. 
 
 

Резюме 
 

М. Б. Өмірзакова, В. Д. Кравцова, Р. Б. Сариева, Ж. Н. Қайнарбаева 
 

ПОЛИЭТИЛЕНГЛИКОЛЬ ҚОСПАЛАРЫМЕН  
АРИЛАЛИЦИКЛДІ СОПОЛИИМИД НЕГІЗІНДЕГІ  

КОМПОЗИТТІ МАТЕРИАЛДАР 
 

Дифенилоксидтетракарбон жəне үшциклдецентетракарбон қышқылдарының 
диангидридітерінің сополиимиді негізінде полиэтиленгликоль қосылумен əр түрлі 
құрамдағы композициялық қабықшалар алынған. ИҚ-спектроскопия əдісімен сопо-
лимердегі қалдық амидоқышқылмен полиэтиленгликольдің функционалдық топта-
ры арқылы Н-комплекс түзе отырып, полиэтиленгликольдің сополиимидпен жақсы 
əрекеттесетіні анықталды. Алынған композитті қабықшалардың термиялық жəне 
механикалық қасиеттері анықталды. ПЭГ қосу композициялық қабықшалардың 
сополимермен салыстырғанда термиялық жəне беріктік қасиеттерінің жақсаруына 
оңықпал ететінін көрсетті, ал серпімділігі осындай материал үшін жарамды болып 
қала береді. 

Түйін сөздер: ароматты диангидрид, алициклді диангидрид, сополиимид, 
полиэтиленгликоль, композиция, қабықша. 
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Резюме 

 
М. Б. Умерзакова, В. Д. Кравцова, Р. Б. Сариева, Ж. Н. Кайнарбаева 

 
КОМПОЗИЦИОННЫЕ МАТЕРИАЛЫ  

НА ОСНОВЕ АРИЛАЛИЦИКЛИЧЕСКОГО СОПОЛИИМИДА  
С ДОБАВКАМИ ПОЛИЭТИЛЕНГЛИКОЛЯ 

 
Получены композиционные пленки различного состава из сополиимида на 

основе диангидридов трициклодецентетракарбоновой и дифенилоксидтетракар-
боновой кислот с добавками полиэтиленгликоля. Методом ИК-спектроскопии было 
установлено, что полиэтиленгликоль хорошо совмещается с сополиимидами, об-
разуя Н-комплексы по функциональным группам ПЭГ и остаточных амидокислот. 
Определены термические и механические свойства полученных композиционных 
пленок. Показано, что добавки ПЭГ способствуют повышению термостойкости, 
улучшению прочностных свойств композиционных пленок в сравнении с сополиме-
ром, при этом эластичность имеет допустимые для подобного материала значения. 

Ключевые слова: ароматический диангидрид, алициклический диангидрид, 
сополиимид, полиэтиленгликоль, композиция, пленка.  
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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(C7, C8, C9, C10 and C12)alkanes in the good and high yields (63-84%). The 
structure of the reaction products are confirmed by IR, 1H and 13C NMR spectra data.  

Keywords: ethane-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 : CS2: NaOH = 1:1,4:1,5. 

 

H2N

H2C CH2

NH2

+ CS2

NaOH

NH

H2C CH2

HN C

S

SNa

C

S

NaS
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 1Н and 13С NMR spectroscopy. 

The structure of the synthesized compounds was proved by the methods of 
IR, 1H NMR and 13C 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-1, stretching vibrations of the NH groups are at 3291, 3401 cm-1, 
intense absorption bands of the thioamide group NC = S are at 1430 cm-1 and 
1046 cm-1. Oscillations involving the C-S bond are manifested at 627 cm-1. 

In the 1H NMR spectrum of compound 1, shown in Fig. 2, the resonance 
signals of the protons of NCH2 groups appear at 3.35 ppm, the signal of protons 
of NH - at 8.26 ppm. 
 

 
 

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

In the 13C 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 NCH2 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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Figure 3 – NMR 13C 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. 

 

NH

H2C CH2

HN C

S

SNa

C

S

NaS

+ RBr
acetone

50-55oC
NH

H2C CH2

HN C

S

SR

C

S

RS

R = 2 C7H15, 3 C8H17, 4 C9H19, 5 C10H21, 6 C12H25

2-61

 
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, 1Н and 13С NMR 
spectroscopy. 

In the infrared spectra of synthesized compounds 2-6, intense absorption 
bands are observed in the region of 2959-2810 cm-1, corresponding to the vibra-
tions of methyl and methylene groups of alkyl substituents; in the region of 3200-



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
175

3400 cm-1, 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-1, the 
weak bands in the 646-663 cm-1 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 
 

Comp. 
Yield, %  

(1:BА = 1:1)
Yield, %  

(1:BА = 1:2) 
Yield, %  

(1:BА = 1:3) 
mp,  
°С 

IR spectra, ν, cm-1 

NH CH3, CH2 С=S C-S 

1 60  – – 72-73
3400 
3290 

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 1H 

NMR spectra of ethane-1,2-diyldicarbamodithioic acid 2-6: it is a triplet from the 
protons of the methyl group in the range δ 0.79-0.81, there are the multiplets from 
the protons of the methylene groups (CH2)n-1 in the 1.18-3.11 ppm region. The 
protons of the NCH2 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 13C 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 CH3 and 
(CH2)n 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 CH2N 
groups. 

 
Table 2 – Data of 1H and 13C NMR spectra for compounds 1-6 

 

Comp. 
NMR 1Н, δ NMR 13С, δ 

NH NСН2 (СН2)n СН3 NСН2 С=S СН3 (СН2)n 

1 8,26 3,35 – – 47,96 187,53 – – 

2 9,86 3,73 1,20-3,10 0,81 44,98 197,77 14,48 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 1H and 13C NMR 
spectra are shown. 
 

 
 

Figure 5 – 1H NMR spectrum of diheptyl ethane-1,2-diyldicarbamodithioate 2  
 
 

 
 

Figure 6 – 13С NMR spectrum of diheptyl ethane-1,2-diyldicarbamodithioate 2  
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Figure 7 – HMQC NMR spectrum of diheptyl ethane-1,2-diyldicarbamodithioate 2  
 

 
 

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 1H 
and 100 MHz on 13C 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 Rf = 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 Rf = 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.  



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
179

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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ЭТАН-1,2-ДИИЛДИКАРБАМОДИТИОАТ НАТРИЙДІ  
АЛКИЛДЕУ 

 
Этан-1,2-диаминнің күкіртті көміртекпен əрекеттесуін этанол ортасындағы 

бөлме температурасында, реагенттердің ЭДА:CS2:NaOH = 1:1,4:1,5 мольдік қатына-
сында жүргізген реакцияның нəтижесінде 90% шығыммен балқу температурасы 
Тбалқу = 72-73 оС, қызғылт кристалды зат түрінде этан-1,2-диилдикарбамодитиоат 
натрий (НЭД) алынған. Оны 1-бром(С7, С8, С9, С10 жəне С12)алкандармен 50-55 оС 
температурада ацетон ортасында, реагенттердің НЭД: БА = 1:1, 1:2, 1:3 мольдік 
қатынасында диалкилдеу жолы арқылы жүргізгенде жоғары шығыммен (63-84 %) 
сəйкес диалкилденген этан-1,2-диилдикарбамодитиоаттар синтезделген. Реакция 
өнімдерінің құрылысы ИҚ, ЯМР 1Н жəне 13С спектрлердің мəліметтерімен дəлел-
денген 

Түйін сөздер: этан-1,2-диамин, дитиокарбонилдеу, алкилдеу, бромды алкил-
дер, диалкил этан-1,2-диилдикарбамодитиоаты.  
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Резюме 

 
Н. О. Акимбаева, С. А. Визер, Т. М. Сейлханов, К. Б. Ержанов 

 
АЛКИЛИРОВАНИЕ  

ЭТАН-1,2-ДИИЛДИКАРБАМОДИТИОАТА НАТРИЯ 
 

В результате реакции взаимодействия этан-1,2-диамина (ЭДА) с сероуглеро-
дом, проведенной в среде 96% этанола при комнатной температуре, при мольном 
соотношении реагентов ЭДА: CS2: NaOH = 1:1,4:1,5, получен этан-1,2-диилди-
карбамодитиоат натрия (НЭД) с выходом 90 %, в виде розового кристаллического 
вещества с Тпл = 72-73 оС. Путем его диалкилирования 1-бром(С7, С8, С9, С10 и С12) 
алканами (БА) при температуре 50-55 °С в среде ацетона, при мольных соот-
ношениях реагентов НЭД: БА = 1:1, 1:2 и 1:3 синтезированы соответствующие ди-
алкилированные этан-1,2-диилдикарбамодитиоаты с хорошими и высокими выхо-
дами (63-84%). Строение продуктов реакций подтверждено данными ИК, ЯМР 1Н и 
13С спектров.  

Ключевые слова: этан-1,2-диамин, дитиокарбонилирование, алкилирование, 
1-бромалканы, диалкил этан-1,2-диилдикарбамодитиоаты.  
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SYNTHESIZE 1,3,5-SUBSTITUTED ISOXAZOLES  
AT EXCESSIVE BENZOYLATION  

OF β-AMINOPROPIOAMIDOXIMES IN PYRIDINE 
 

Abstract. Excessive acylation of β-aminopropioamidoximes (β-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-β-aminopro-
pioamidoxime dihydrochlorides in the case of еркуу ашкые 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 β-(4-phe-
nylpiperazin-1-yl)propioamidoxime and hydrochloride of O-benzoyl-β-(thiomorpholin-1-
yl)propioamidoxime at using of β-(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-β-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: β-Aminopropioamidoximes, excessive acylation in pyridine, the Boul-
ton-Katritzky rearrangement, benzoyl chloride, IR spectroscopy, 1H and 13C NMR spec-
troscopy. 

 

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

The list of practically useful of β-aminopropioamidoxime derivatives inclu-
des such as properties antiarrhythmic, local anesthetic and antitubercular [1, 2]. 
To modify β-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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Scheme 1 
 

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 (1H and 13C) 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-d6. Chemical shifts are determined with respect to solvent signals 
(2,51 ppm for 1H nuclei and 40,0 ppm for 13C 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 μm 
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 β-aminopropioamidoximes [β-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]. β-Aminopropioamidoximes 
3–5 [β-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 β-ami-
nopropionitriles and subsequent reaction of nitriles with hydroxylamine in abso-
lute ethanol [14, 15]. 

N,O-Dibenzoyl-β-(piperidin-1-yl)propioamidoxime dihydrochloride (6). To 
1000 mg (53 mmol) of β-(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-β-(piperidin-1-yl)-pro-
pioamidoxime dihydrochloride (6) amounted to 1300 mg (89%); m.p. 155 °C            
(i-PrOH); Rf 0,24. Found: C 58,62; H 5,46; Cl 15,30; N 9,07. C22H27Cl2N3O3. 
Calculated: C 58,41; H 6,02; Cl 15,67; N 9,29. 

N,O-Dibenzoyl-β-(morpholin-1-yl)propioamidoxime dihydrochloride (7). To 
300 mg (17 mmol) of β-(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-β-(morpholin-1-yl)propio-
amidoxime dihydrochloride (7) was 190 mg (7,5 mmol) (43%); m.p. 110 °C               
(i-PrOH); Rf 0,40. Found: C 55,78; H 5,20; Cl 15,24; N 9,03. C21H25Cl2N3O4. 
Calculated: C 55,51; H 5,55; Cl 15,61; N 9,25. 

N,O-Dibenzoyl-β-(benzimidazol-1-yl)propioamidoxime dihydrochloride (8). 
To a suspension of 1000 mg (49 mmol) of β-(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 Rf 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-β-(benzimidazol-1-yl)propioamidoxime dihydrochlo-
ride (8) was 370 mg (27%); m.p. 180 °C (EtOH); Rf 0,69. Found: C 59,14; H 4,96; 
Cl 14,55; N 11,50. C24H22Cl2N4O3. Calculated: C 59,39; H 4,57; Cl 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 β-(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 Rf 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. C7H6O2. 
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); Rf 0,08. Found: C 54,94; H 7,82; Cl 11,97; N 19,48. 
C13H21ClN4O. Calculated: C 54,83; H 7,43; Cl 12,45; N 19,67. 

O-Benzoyl-β-(thioporpholin-1-yl)propioamidoxime hydrochloride (11). To 
1000 mg (26 mmol) of β-(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 
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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-β-(thioforolin-1-yl)propioamidoxime 
hydrochloride (11) was 510 mg (52%), m.p. 119 °C (i-PrOH); Rf 0,80. [m.p. 120 
°C (i-PrOH); Rf 0,79] [15]. Found: C 50,72; H 6,26; Cl 11,02; N 13,06. 
C14H20ClN3O2S. Calculated: C 50,98; H 6,11; Cl 10,75; N 12,74.  

 

RESULTS AND DISCUSSION 
 

We have not previously studied the acylation of β-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 β-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., Rf, IR spectra and 1H and 13C NMR spectra) (tab-     
le 1–3), it was found that in the case of amidoximes 1–3 products 6–8 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 β-(4-phenylpiperazin-1-
yl)propioamidoxime (4), a spiropyrazolinium compound 9 and benzoic acid (10) 
were obtained; O-benzoyl-(β-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 β-aminopropioamidoximes with two equivalents of benzoyl chloride 6–11 
 

Com-
pound 

Gross 
formula 

Found, % 
Calculated, % Reaction 

time, h 
Mp, 
°С 

Rf 

 
Output,  

% 
С Н Сl N 

6 C22H27Cl2N3O3
58,62
58,41

5,46 
6,02 

15,30 
15,67 

9,07 
9,29 

4 
155 

 
0,24 89 

7 C21H25Cl2N3O4
55,78
55,51

5,20 
5,55 

15,24 
15,61 

9,03 
9,25 

6 110 0,40 43 

8 C24H22Cl2N4O3
59,14
59,39

4,96 
4,57 

14,55 
14,61 

11,50
11,54

6 
180 

 
0,69 44 

9 
 

C13H19ClN4 
58,59 
58,53

7,68 
7,18 

13,49 
13,29 

21,35
21,00

4 
270 

(decomp.)
0,08 39 

10 С7H6O2 
68,76
68,85

5,26 
4,95 

– – 4 121 0,76 43 

11 C14H20ClN3O2S
50,72 
50,98

6,26 
6,11 

11,02 
10,75 

13,06 
12,74

8 120 0,80 52 
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Scheme 2 
 

The products of N,O-dibenzoylation of β-aminopropioamidoximes (6‒8) 
have not been synthesized before. Obviously, the probable subsequent intra-
molecular splitting off of the water molecule involving protons of the α-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 νС=О is in the range of 1686–1731 cm-1; the stretching vibrations of the 
νС=N bonds are manifested in the region of 1638–1686 cm-1; the valence bond 
vibration bands νС=С are present in the region of 1584–1620 cm-1; in the region 
1264–1293 cm-1 there are bands of stretching vibrations of the bonds νС-О; the 
stretching vibrations of the νN(+)-H ammonium bonds – in the region of 2464–        
2835 cm-1 (table 2). 
 

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

 

Com- 
pound 

Valence vibrations of bonds, ν, cm-1 

νС=N νС=О νС=С νCsp3H νCsp2H νС-О N(+)-H (N-H) 

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 – 3067; 3235; 3414 1289 3414 (νO─H) 

11 1640 1714 1611 2907 – 1268 
2553; 2582; 2640 

(3416; 3488) 
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In 1H NMR spectra of N,O-dibenzoylation products 6‒8, in contrast to the 
literature data [1], the α-CH2 group signal is retained, which has a triplet structure 
from the spin-spin interaction with the β-CH2 group (table 3). Signals of α- and β-
methylene groups are in the regions δ 2,73–3,50 ppm. and δ 3,10–4,85 ppm, 
respectively.  

The intensity of multiplet signals of aromatic protons in the range of δ 7–                 
8 ppm indicates the presence in the molecules of compounds 6, 7 ten Csp2H 
protons, and in the molecule of compound 8 – fifteen Csp2H protons. 

In addition, in the area of δ 6,85–7,50 ppm in the spectra of 1H NMR com-
pounds 6–8 there is a signal of ammonium protons of the N(+)H2CO6H5 group, 
and in the range of δ 10,55–12,90 ppm – the signal of the ammonium N(+)H 
proton coordinated on the nitrogen atom of the β-amino group. 

 
Table 3 – 1H and 13C NMR spectra of compounds 6–11, solutions in DMSO-d6, δ, ppm* 

 

Com-
pound 

Chemical shifts, δ, ppm (J, Hz) 

6 

1,39; 1,68; 1,79 [6H, m, –N(CH2)2(CH2)3]; 2,74 (2Н, t,  
J = 6,0, α–CH2); 2,90 [4H, m, –N(+)(CH2)2(CH2)3];  
3,30 (2Н, t, J = 6,0; β–CH2); 6,87 [2H, s, N(+)H2];  
7,51; 7,65; 8,11 (10Н, m, С6Н5); 10,74 [1H, s, N(+)H] 

21,82; 22,72; 22,83; 25,87; 
52,44; 53,11; 129,01; 
129,71; 129,83; 129,88; 
133,49; 156,80; 163,88 

7 

2,76 (2Н, t, J = 7,0, α–CH2); 3,15 [4H, m,  
-N(CH2)2(CH2)2О]; 3,67 (2Н, t, J = 7,0, β–CH2); 3,94 
[4H, m, -N(+)(CH2)2(CH2)2О]; 6,85 [2H, s, N(+)H2]; 
7,49─8,12 (10Н, m, С6Н5); 11,65 [1H, s, N(+)H]  

25,55; 25,60; 31,43; 31,45; 
51,46; 53,12; 62,08; 62,43; 
63,24; 63,65; 129,01; 129,84; 
129,88; 133,48; 156,61; 
163,86; 169,02; 169,10 

8 
3,40 (2Н, t, J = 7,0, α–CH2); 4,74 (2Н, t, J = 7,0, β–CH2); 
7,48; 7,51; 7,60; 7,65; 7,94; 7,96; 8,04; 8,06;  
9,00 [17Н, m, Сsp2‒H and N(+)H2]; 12,95 [1H, s, N(+)H] 

26,35; 43,00; 123,73; 124,61; 
124,79; 128,25; 129,00; 
129,71; 130,01; 131,27; 
133,27; 133,79; 143,54; 
167,75; 168,57; 175,57 

9 

3,19 (2H, t, J = 6,0, β–CH2); 3,44 [2H, m, half-width  
12,5 mm, PhN(CH2)2 (axial)]; 3,56 [4H, m, N(+)(CH2)2]; 
3,78 [2H, m, half-width 11 mm, PhN(CH2)2, 
(equatorial)]; 3,98 (2Н, t, J = 6,0, α–CH2); 6,86;  
7,02; 7,27 (5H, m, С6Н5); 7,53 (2Н, s, NH2)  

31,57; 44,57; 61,42; 62,91; 
116,32; 120,38; 129,58; 
149,94; 169,11  
 
 

10 7,50; 7,63; 7,95 (5Н, m, С6Н5); 12,95 (1H, s, COOH)  
129,02; 129,72; 131,24; 
133,31; 167,76 

11 

2,76 (2H, t, J = 7,0, α–CH2); 3,39 (2Н, t, J = 7,0, β–CH2); 
3,35 (4H, m, S(CH2)2]; 3,70 [4H, m, N(+)(CH2)2];  
6,86 (2Н, s, NH2); 7,51; 7,64; 8,12 (5H, m, С6Н5);  
11,37 [1H, s, N(+)H] 

24,25; 25,61; 53,43; 53,68; 
129,00; 129,83; 133,48; 
148,56; 156,67; 163,88  
 

*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(+)(CH2)2 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 13C NMR spectra of compounds 6–8, the carbon signals of the C=N 
functional groups are found at δ 156,80 (6); 156,61 (7); 168,57 (8), respectively, 
and C=O 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-β-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). 
 

 
 

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-[(β-thiomorpholin-1-
yl)ethyl]-1,2,4-oxadiazoles hydrochlorides and recrystallization from isopropanol 
of 5-substituted phenyl-3-[β-(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 νC=N and 
νC=C at 1644 and 1600 cm-1, respectively. In the 1H NMR spectrum of the spiro-
pyrazolinium compound 9, the triplet signals of α-CH2 and β-CH2 groups with an 
intensity of two protons are at δ 3,19 and 3,98 ppm; the signal of the amino group 
of pyrazolinium ring with an intensity of two protons is present at δ 7,53 ppm. 

The carbon atom signal of the C=N bond of the compound 9 in the 13C NMR 
spectrum is observed at δ 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. 

β-(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-β- 
(thiomorpholin-1-yl)propioamidoxime hydrochloride (11). Compound 11 obtai-
ned by monoacylation of β-(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 β-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 β-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 β-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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Л. А. Каюкова, К. Д. Пралиев, Г. Т. Дюсембаева,  
К. Акатан, Е. Шаймардан, С.К. Кабдрахманова 

 

β-АМИНОПРОПИОАМИДОКСИМДЕРДІ ПИРИДИНДЕ  
АРТЫҚ БЕНЗОИЛИРЛЕУ КЕЗІНДЕ 1,3,5-ОРЫНБАСҚАН  

ИЗОКСАЗОЛДАРДЫ СИНТЕЗДЕУ  
 

β-Аминопропиоамидоксимдердің шамадан тыс ацелирленуі (β-аминотоп: пипе-
ридин-1, морфолин-1, бензимидазол-1, 4-фенилпиперазин-1, тиоморфолин-1) еріт-
кіштің қайнау нүктесінде 4–8 сағат ішінде пиридиннің бензоил хлоридінің қос тоты-
ғымен көбеюімен жүзеге асырылды. Пиперидин, морфолин жəне безимидазол ами-
доксимі жағдайында N, O-дибензоил-β-аминопропиоамидоксим дихидрохлоридтері 
ерекше өнім болып табылады; тиісінше, хлоридті гидрат спиропиразолин қосылы-
сының жəне бензой қышқылы жəне О-бензоил-β-(тиоморфолин-1-ил)пропиоами-
доксим гидрохлоридтеріне субстраттар ретінде β-(4-фенилпипиразин-1-ил)пропио-
амидоксим жəне β-(тиоморфолин-1 -ил)пропиоамидоксимдер пайдаланылады. 

Түйін сөздер: β-Аминопропиоамидоксимдер, пиридиннің артық ациляциясы, 
бензойл хлориді, ИК-спектроскопия, 1Н и 13С ЯМР спектроскопиясы.  

 

Резюме 
 

Л. А. Каюкова, К. Д. Пралиев, Г. Т. Дюсембаева,  
К. Акатан, Е. Шаймардан, С.К. Кабдрахманова 

 

СИНТЕЗ 1,3,5-ЗАМЕЩЕННЫХ ИЗОКСАЗОЛОВ ПРИ ИЗБЫТОЧНОМ 
БЕНЗОИЛИРОВАНИИ β-АМИНОПРОПИОАМИДОКСИМОВ В ПИРИДИНЕ 

 

Избыточное ацилирование β-аминопропиоамидоксимов (β-аминогруппа: пипе-
ридин-1-ил, морфолин-1-ил, бензимидазол-1-ил, 4-фенилпиперазин-1-ил, тиоморфо-
лин-1-ил) проведено при двукратном избытке бензоилхлорида в пиридине при тем-
пературе кипения растворителя в течение 4–8 ч. Выделенными продуктами явля-
ются дигидрохлориды N,О-дибензоил-β-аминопропиоамидоксимов в случае пипе-
ридинового, морфолинового и безимидазольного амидоксима; гидрат хлорида спи-
ропиразолиниевого соединения и бензойная кислота и гидрохлорид О-бензоил-β-
(тиоморфолин-1-ил)пропиоамидоксима при использовании в качестве субстратов β-
(4-фенилпиперазин-1-ил)пропиоамидоксима и β-(тиоморфолин-1-ил)пропиоамидок-
сима, соответственно.  

Ключевые слова: β-Аминопропиоамидоксимы, избыточное ацилирование в 
пиридине, хлористый бензоил, ИК-спектроскопия, спектроскопия 1Н и 13С ЯМР. 
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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), c), 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; c) 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, TiO2, Fe2O3, SiO2) 
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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(CSAS > g/dm3), a secondary aggregation process can be observed, accompanied 
by an increase in diameter from 4.5 to 12.5 μm 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/dm3). 

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/dm3. 

 

REFERENCES 
 

[1] Rebinder P.A. Surface phenomena in dispersed systems: Sat. Scientific works. M.: Nauka, 
1979. Vol. 1. 450 p. 

[2] Rebinder P.A. Physico-chemical mechanics of disperse structures. M.: Knowledge, 1958. 
Ser. 1B. N 34, 49. 64 p. 

[3] Yakovlev A.D. Chemistry and the hedgehogs of the Paint and Varnish Zoatings. L.: Che-
mistry, 1989. 382 p. 

[4] Taubman A.B., Tolstaya S.N., Borodina V.N. Adsorption modification of fillers and 
pigments and structure formation in polymer solutions // DAN SSSR. 1962. Vol. 142, N 2. P. 407. 

[5] Tolstaya S.N., Shabanova S.A. The use of surfactants in the paint and varnish industry. 
M.: Chemistry, 1976. 176 p. 

[6] Abramzon A.A. Surface-active substances. Properties and application. L.: Chemistry, 
1975. 248 p. 

[7] Rebinder P.A., Wlodavets I.I. High-molecular dispersed systems // Surface phenomena in 
disperse systems. M., 1988. P. 61-73. 

[8] Dyuryagina A.N., Ostrovnoy K.A. Evaluation of the disaggregating effect of surfactants in 
lacquer coating compositions by conjugation of optical microscopy of personal computers // Paint-
and-paint materials and their application. M., 2007. N 7-8. P. 77-80. 

[9] Dyuryagina A.N., Lugovitskaya T.N., Ostrovnoy K.A. Fomatizatsiya analysis of powders 
and suspensions based on computer-optical systems // Collection of proceedings of the third inter-
national scientific and practical conference "Research, development and application of high-tech in 
the industry". SPb., 2007. Vol. 9. P. 47-48. 

[10] Bolatbaev K.N., Dyuryagina A.N., Ostrovnoy K.A. Modification of composites by 
surfactants. Petropavlovsk, 2005. 184p. 



ХИМИЧЕСКИЙ ЖУРНАЛ КАЗАХСТАНА 
  

 
196

 
Резюме 

 
А. Н. Дюрягина, А. А. Луценко 

 
ИССЛЕДОВАНИЕ ДИСПЕРГИРУЮЩЕГО ЭФФЕКТА 
ПОЛИЭФИРСИЛОКСАНОВОГО СОПОЛИМЕРА  
В ВОДНО-ДИСПЕРСИОННЫХ СИСТЕМАХ 

 
Приведены результаты экспериментальных исследований закономерностей 

развития процессов дезагрегации диоксида титана в водной дисперсионной среде в 
присутствии полиэфирсилоксанового сополимера. С помощью приложения ком-
пьютерно-микрооптического метода к анализу исследуемых суспензий в автомати-
ческом режиме была установлена закономерность развития процессов агрегации 
твердофазных пигментов и количественные характеристики их распределения по 
фракциям. 

Ключевые слова: диспергирование, пигмент, водно-акриловая дисперсия, ди-
оксид титана, полиэфирсилоксановый сополимер, суспензия, модификатор. 
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ПОЛИЭФИРСИЛОКСАН СОПОЛИМЕРІНІҢ ҚАТЫСУЫМЕН  
ТИТАН ДИОКСИДІНІҢ ДИСПЕРСИЯЛЫҚ ҮДЕРІСТЕРІН  

ЗЕРТТЕУ 
 

Осы жұмыста полиэфирсилоксан сополимерінің қатысуымен су-дисперсиялық 
ортада титан диоксидін дезаграгациялау үдерістерінің даму заңдылықтарын экспе-
рименталдық зерттеудің нəтижелері келтірілді. Зерттелетін суспензияларды авто-
матты тəртіпте талдауға қатысты компьютерлік-микрооптикалық əдістің қосымша-
сының көмегімен қатты фазалық пигменттердің агрегация үдерістерін дамытудың 
заңнамалығы, оларды фракциялар бойынша бөлудің мөлшерлік сипаттамалары 
анықталды. 

Түін сөздер: дисперсия, пигмент, су-акрил дисперсиясы, титан диоксиді, 
полиэфирсилоксан сополимері, суспензия, модификатор.  
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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 1.0610-3 and 4.510-4 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 In3+ 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 cm2, 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(ClO4) 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(ClO4)3 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 (En(к) – En(a)) is 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 (En(к)) in the electrolyte of 
the following composition: 0.1 M In (ClO4) 3 + 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 (Сூయశ
௦ ), 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.  

 

 
Figure 1 – Cyclic voltammograms of indium at 250С on a Ti electrode  

in a solution of 0,1 М In(ClO4)3 + 2,0 M NaCl 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 250С on an indium electrode  
in a solution of 0.1 M 0,1 М In(ClO4)3 + 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 n(к)) on the square root of the va-
lue of the potential sweep speed (  ) (figure 3), which does not pass through the 
origin of coordinate, which indicates the quasi-reversible nature of the process 
under study. 

 

 
Figure 3 – Dependence of the current density of the indium recovery peak (iпик)  

on the √ݒ at 250С on different electrodes in a solution of 0,1 М In(ClO4)3 + 2,0 M NaCl 
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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 (K0) and the transport coefficient (α). The 
Nernst boundary conditions for an irreversible one-stage and many-electron 
reaction are expressed by the following equations [10]:  

),,0()( tCtnFki of                                             (1)  
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where En - is the peak potential (B), E0 - is the formal electrode potential (B), in - 
is the cathode current density of the peak (A), k0 - is the rate constant of the 
charge transfer stage (cm/s), α - is the transfer coefficient, D0 - is the diffusion 

coefficient (cm2/c), *
0C - is the concentration of ions in the volume of the solution 

(mol/cm3), C0 - is the ion concentration in the near-electrode region (mol/cm3),         
 .is the potential sweep rate (V/s) - ݒ

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]: 
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From cyclic voltammograms for the investigated electrodes, varying the rate 
of the potential sweep and the concentration of indium ions in the solution, a 

dependence 
п

iln  on )(
'0EE

п
  (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- ln(iпик)  
on Епик – Е01 at 250С at different electrodes in a solution of 0,1 М In(ClO4)3 + 2,0 M NaCl 

 
Table 1 – The rate constants of charge transfer during the reduction of indium in 2 mol/L NaCl 

 

Сூయశ
∗ ,  

mol/l 

k0, 10-4 cm/s 

Pt GC Ti 

0,025 3,1 4,1 4,4 

0,050 4,2 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 250С at various electrodes  

in a solution of 0,1 М In(ClO4)3 + 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 eV 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  

 

 
Figure 6 – Cyclic voltammograms of indium at 250С C on a Ti electrode  

in a 2.0 M NaCl solution with a different content of In(ClO4)3, 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).  

 

 
Figure 7 – Chronoamperograms of electrodeposition of indium at 250С at various electrodes  

in a solution of ,1 M In(ClO4)3 + 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(t-1/2). 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 / l NaCl solution 
 

Сூయశ
∗ ,  

mol/L 

 ூయశ ,10-5 cm2/sܦ

Pt GC Ti 

0.025 2.4 1.7 3.2 

0.050 1.3 1.6 3.2 

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 

Сூయశ
∗ , mol/L mef, 10-4 cm/s mef, 10-4 cm/s mef, 10-4 cm/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 InCl3 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 1.210-3 and 4.510-4 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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Резюме 

 

Х. Авчукир, Б. Д. Буркитбаева, А. М. Аргимбаева, Г. С. Рахымбай 
 

ХЛОРИДТІ ЕРІТІНДІЛЕРДЕН ҚАТТЫ ЭЛЕКТРОД БЕТІНДЕ  
ИНДИЙДІҢ БОЛІНУ КИНЕТИКАСЫ  

 
Құрамында перхлораты бар хлоридті ерітінділерден индийдің электртотық-

сыздануын циклдің вольтамперометрия жəне хроноамперометрия əдістерімен ти-
тан, платина жəне шыныкөміртекті электродтарда зерттелді. Тура жəне кері жолда-
ғы потенциал пиктерінің айырмашылығы, поляризация жылдамдығы мен тотықсыз-
дану пикі тоғымен арасындағы байланыс арқылы зерттеліп жатқан процесстің жоға-
рыдағы электродтарда квазиқайтымды екені анықталды. Pt, ШК жəне Ti элекродта-
рында индийдің бөліну пикі аса кернеуі 158, 111 жəне 64 мВ екені анықталды. 
Делахей жəне Коттрел теңдеулері арқылы индийдің электр тогы натысинда бөлінуін 
заряд тасымалдау жылдамдық константасы мен масса тасымалдау жылдамдық 
константасы есептелді. Анықталған константалардың салыстырмалы анализі нəти-
жесінде титан электродында жоғары мəндер байқалды: 1,0610-3 и 4,510-4 см/с сəй-
кесінше. Алынған нəтижелер қаралашты индийдің электрохимиялық тазалау кезінде 
титанды қолдануын ұтымды екеніне көз жеткізді. 

Түйін сөздер: индий, электродтау, массалық трансфер, зарядты беру, диффу-
зия коэффициенті, квази-реверсивтілік, жылдамдық константасы. 

 

Резюме 
 

Х. Авчукир, Б. Д. Буркитбаева, А. М. Аргимбаева, Г. С. Рахымбай 
 

КИНЕТИКА ЭЛЕКТРООСАЖДЕНИЯ ИНДИЯ  
НА ТВЕРДЫХ ЭЛЕКТРОДАХ ИЗ ХЛОРИДНЫХ РАСТВОРОВ 

 

Методами циклической вольтамперометрии и хроноамперометрии исследо-
вано электровосстановление индия на титановом, платиновом и стеклоуглеродном 
электродах в перхлоратсодержащих хлоридных электролитах. Установлен квази-
обратимый характер исследуемого процесса для всех вышеуказанных электродов на 
основании анализа разности потенциалов пиков на прямом и обратном ходе 
развертки и взаимосвязи тока пика восстановления от скорости поляризации. Пере-
напряжение выделения индия в пике на Pt, СУ и Ti электродах составило 158, 111 и 
64 мВ, соответственно. Рассчитаны константы скорости переноса заряда и массо-
переноса электроосаждения индия с использованием уравнений Делахея и Кот-
трела. Сравнительный анализ полученных констант показал, что они имели боль-
шие значения в случае титанового электрода и составили 1,0610-3 и 4,510-4 см/с, 
соответственно. Полученные результаты свидетельствуют о предпочтительном ис-
пользовании титана при электрохимической очистке чернового индия. 

Ключевые слова: индий, электроосаждение, массоперенос, перенос заряда, 
коэффициент диффузии, квазиобратимость, константа скорости.    
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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°С 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 cm3 (figure 1). The cathode was a titanium electrode 
with an area of 40 cm2, 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. 

 

 
 

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). 

 

 
Figure 2 – Chronoamperogram of indium precipitation  

at a potential of -0.9 V at various temperatures: 
1 - 30 0С; 2 - 40 0С; 3 - 50 0С 

 
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 l 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 √t 
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= b √t + a .                                                    (1) 
 

 
 

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 (i0)  

and correlation coefficients at different temperatures 
 

T, 0C 1/T, 10-3 K-1 i0, А/см2 lg(-i0), А/см2 B a, 10-3 R2 

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 / (2.3 RT) .                                         (2) 
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The graph of the dependence lgi0 -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. 

 

 
 

Figure 4 – Dependence of the logarithm of the exchange current lg i0  
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/cm2) 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- 

sition of  
the electrolyte 

pH 
of the 

medium 

The cathode potential 
(rel.chloride-silver 

electrode), V 

Tempe- 
rature, 

0С 

VТ 
catode, 

% 

Degree 
of purity, 

% 

1 

0,5М InCl3 + 
+ 1,0M NaCl 

 

1,5 
 

-0,9 
 

30 

100,4 99,9992 

99,8 99,9989 

99,5 99,9990 

2 40 

100,1 99,9991 

99,7 99,9993 

99,4 99,9994 

3 50 

114,7 99,9982 

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 0С, 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 0C was carried 
out and the purity of indium cathode precipitation was determined, the average 
value of which was 99.9992%. 
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Резюме 
 

Г. С. Бейсенова, Б. Д. Буркитбаева,  
А. М. Аргимбаева, Г. С. Рахымбай, Н. Н. Есалы  

 
ЭЛЕКТРОРАФИНИРЛЕУ КЕЗІНДЕГІ  

ИНДИЙДІҢ ТАЗАЛЫҚ ДƏРЕЖЕСІНЕ ТЕМПЕРАТУРАНЫҢ ƏСЕРІ 
 

Зерттеу нысаны ретінде Қазақстанда өндірілетін қаралашты индий болды. 
Оның электрорафинирлеу кезіндегі шарттарын оңтайландыру үшін бұл жұмыста 
титан электродында хлоридті ерітінділерде индий электртұнуына температураның 
əсері зерттелді. Зерттелетін үрдістің активтену энергиясы несептелген мəндерінен 
индийдің титанда электртотықсыздануы аралас режимде жүретіні анықталды                  
(Еа = 35,7 кДж/моль). Үрдістің оңтайлы темпералық режимі табылды – 30-400С. Бұл 
режим катодты тұнбалардың түзілуіне жақсы əсер етіп, олардың электролиз кезін-
дегі тазалық дəрежесін арттырады (99,9992%). 

Түйін сөздер: индий, электролиз, индий рафинирлеуі, катодтық поляризация, 
индий тазалығы. 
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Резюме 
 

Г. С. Бейсенова, Б. Д. Буркитбаева,  
А. М. Аргимбаева, Г. С. Рахымбай, Н. Н. Есалы  

 
ВЛИЯНИЕ ТЕМПЕРАТУРЫ НА СТЕПЕНЬ ЧИСТОТЫ ИНДИЯ  

ПРИ ЕГО ЭЛЕКТРОРАФИНИРОВАНИИ 
 

Объектом исследования являлся черновой индий, производимый в Казахстане. 
Для оптимизации условий его электрорафинирования, изучено влияние темпера-
туры на электроосаждение индия на титановом электроде в хлоридных элек-
тролитах. Из расчитанных значений энергии активации исследуемого процесса 
установлено, что электровосстановление индия на титане протекает в смешанном 
режиме (Еа = 35,7 кДж/моль). Найден оптимальный температурный режим процесса 
30-400С, способствующий образованию качественных катодных осадков и повы-
шению их степени чистоты при электролизе (99,9992%).  

Ключевые слова: индий, электролиз, рафинирование индия, катодная поляри-
зация, чистота индия. 
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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), 
α-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-1. The catalytic systems 
were formed into a tablet with "thickness" of 60-100 mg/cm2. Adsorptions of test 
gases were carried out at different temperatures, vacuuming 10-5 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 Ǻ 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 Ǻ (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-1 with resolution of 4 cm-

1 and the number of scans equal to 100. IR spectra are reported in absorbance 
units referred to 1 g of catalytic systems per 1 cm2 of the cross section of the lu-
minous flux and are in units A/ρ, that means optical density Aν at absorbance line 
ν normalized for tablet thickness sample r (in g/cm2). 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 CaF2, and trained on the vacuum adsorption unit under va-
cuum (p <10-6 bar) at 500 0С, 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: Kl – 
initial natural zeolite, HKl-1 – zeolite one time modified with a mineral acid, 10% 
Н4EDTA/Kl – natural zeolite modified with ethylenediaminetetraacetic acid, 10% 
Н4EDTA / HKl-1 – zeolite decationized with mineral acid and modified with 
ethylenediaminetetraacetic acid, 10% Hsal/HKl-1 – zeolite decationized with 
mineral acid and modified with sulfosalicylic acid, 10% PW12-HPA/НKl-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 

 

 
Samples 

Specific surface area, 
m2/g 

Pore volumes, 
10-3 cm3/g 

Pore size,  
Ао 

S Smicropores V Vmicropores Daverage 

Kl 9,8 2,4 1,76 0,13 (7,4%) 72,2 

10%Н4EDTA/Kl 28,2 – – – – 

НKl-1 52,6 38,0 4,86 0,18 (3,7%) 27,7 

10%Н4EDTA/НKl-1 99,4 – – – – 

НSаl/НKl-1 78,2 67,8 5,49 3,18 (58,0%) 21,2 

10%PW12-HPA/НKl-1 257,0 – – – – 

 
The total specific surface of the initial natural Shankanay zeolite is low and ranges of 
9.8-22.1 m2/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 m2/g, and the modification of a natural zeolite with ethy-
lenediaminetetraacetic acid slightly increases the surface to 28.2 m2/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 m2/g, and the modification with HPA 
leads to an anomalous increase up to 257.0 m2/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  



ХИМИЧЕСКИЙ ЖУРНАЛ КАЗАХСТАНА 
  

 
220

 

c) 
 

Figure 1 –  
Adsorption and  

desorption 
isotherms  
of natural 

clinoptilolite  
samples Kl (a) 

HKl-1 (b)  
and HSal/HKl-1 

(c) 

 

 

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 1.76·10-3 to 4.86·10-3 cm3/g, and until 5.49·10-3 cm3/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: Kl, HKl-1, Н4EDTA/НKl-1; НSal/НKl-1, PW12-HPA/НKl-1 и 
PМо12-HPA/НKl-1. A typical photoelectron spectrum of a sample Н4EDTA/НKl-
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 Н4EDTA/НKl-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 O Fe Ca Na W Mo 

Kl 1 3,0 4,4 0,08 16,8 0,19 0,30    

HKl-1 1 3,7 5,0 0,19 20,4 0,21 0,15    

Н4EDTA/НKl-1 1 5,4 5,3 0,16 25,9 0,31 0,13 0,26   

НSal/ НKl-1 1 7,3 8,3 0,2 34,1 0,39 0,12 0,11   

PW12-HPA/НKl-1 1 6,1 7,7 0,22 33,0 0,35   0,58  

PМо12-HPA/НKl-1 1 6,5 8,4 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               
A1 and Si is mainly due to the mutual influence. 
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XPS spectra of samples PW12-HPA/НKl-1 and PМо12-HPA/НKl-1 showed 
the presence of tungsten and molybdenum (figure 3). In the original spectrum two 
doublets W4f with binding energies of the components W4f7/2 34.4 and 36.1 eV 
could be identified (figure 3a). 

 

 
 

Figure 3 – Spectra of tungsten W4f (a) and molybdenum Mo3d (b) 
 

Such binding energies are characteristic of the oxidized state of tungsten W3+ 

and W6+, 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 
W6+. 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 Mo3d5/2 equal 
to 232.2 eV. Such binding energy is characteristic of the charged state of molyb-
denum (Mo+6). 

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); HKl-1 (c); 
HSal/HKl-1 (d); PW12-ГПК/НКл-1(e, f) 

 
Surface of decationized clinoptilolite HKl-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 
HKl-1 decreases. Wherein the catalytic systems surface HSal/HKl-1 low iron con-
tent was detected. 

On figure 4 also photographs of the sample PW12-HPA/HKl-1 are shown. It 
can be seen that the surface of clinoptilolite layered structures HKl after modifi-
cation are covered with agglomerates of PW12-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 PW12-
HPA/HKl-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 PW12-HPA (figure 5). 

Apparently, this is due to the high degree of dispersion and particle distribu-
tion of PW12-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 PW12-HPA/HKl-1 
obtained by TEM HR, a top under - X-ray spectra of the catalytic systems  

surface PW12 HPA/HKl-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 PW12-HPA/HKl-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 PW12-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-1 field with a resolution of 4 cm-1 and the number of scans of 100 infra-
red spectra of catalytic systems were recorded; catalytic systems: HKl-1 
(spectrum #104), 10% HSal/HKl-1 (spectrum #103), 10% Н4EDTA/HKl-1 
(spectrum #105), 10% PW12-HPA/HKl-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 (H3PMo12O40·nH2O) 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. 

 
 

Figure 7 – IR spectra of catalytic systems samples in the region of OH groups’ stretching vibrations 
 

In the spectrum of the sample 10%PW12-HPA/HKl peaks related to the ab-
sorption of the isolated OH groups at 3620, 3660, 3700 and 3735 cm-1 are 
observed. In the spectrum of the samples HKl and 10%HSal/HKl an increase in 
the intensity of isolated OH groups peaks as compared with a sample of 
10%PW12-HPA/HKl is observed, that may indicate a slight increase in the con-
centration of hydroxyl-cover. For samples HKl and 10%HSal/HKl compared with 
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a sample of 10%PW12-HPA/HKl the appearance of intense broad peak at 3680-
3690 cm-1 is observed. For a sample of 10%HSal/HKl compared with a sample of 
10%PW12-HPA/HKl observed shifting of isolated groups to the low-frequency 
region (36203600 cm-1), and a significant increase in the intensity of 3735 cm-1 
region. The sample 10%H4EDTA/HKl, assumed to have destroyed zeolite 
structure, in the spectrum of this sample low intense broad peaks at 3600 and 
3710 cm-1 are observed. The total concentration of OH groups to sample 
10%H4EDTA/HKl, 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 (OH

CO) 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 

 

Catalytic system SiO2/Al2O3

B.a.s. I B.a.s. II B.a.s. III 

∆γOH, 
cm-1 

С, 
μmol/g 

∆γOH, 
cm -1 

С, 
μmol/g 

∆γOH, 
sm-1 

С, 
μmol/g 

10%PW12-HPA/HKl  340 4 320 6 220 30 

HKl 23,6 340 4 280 20 225 45 

10%НSal/ HKl 12,6 340 1 310 15 235 35 

10%Н4EDTA/ HKl 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 (ΔγOH, cm-1), 
the stronger the acid sites. Strong acid sites are found on 10%PW12-HPA/HKl and 
HKl. On 10% HSal/HKl their concentration is 4 times lower, and on 10% 
Н4EDTA/HKl shift is not observed, giving rise to talk about the absence of 
surface Brönsted acid sites. 

Bronsted sites of the second type on 10% PW12-HPA/HKl 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%PW12-HPA/HKl 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  Н4EDTA/Kl  НКl-1  Н4EDTA/HKl-1  
 НSаl/НКl-1  PW12-HPA/НКl-1 

Special attention deserves the significant growth of the surface when the 
modification with 10% PW12-HPA to 257.0 m2/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: 

Кl  НКl-1  НSаl/НКl-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: 

Кl  НКl-1  НSаl/НКl-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 (Smc) also 
shows their growth from 2.49 to 38.07 m2/g after modification with hydrochloric 
acid and to 67.84 m2/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 A1 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 α-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: 

HKl  10%НSal/НKl  10% PW12-HPA/НKl 
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%PW12-HPA/НKl and 
sum of shifts at 340 cm-1 and 320 cm-1 is higher than on HKl. It should be noted 
that the increase in acidity correlates with high silicate modulus (SiO2/Al2O3) 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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АУЫР КӨМІРСУТЕКТЕРДІ КРЕКИНГЛЕУ ПРОЦЕСТЕРІНІҢ 
КЛИНОПТИЛОЛИТ НЕГІЗІНДЕГІ АКТИВТІ ЖƏНЕ СЕЛЕКТИВТІ 

КАТАЛИТИКАЛЫҚ ЖҮЙЕЛЕРІН ҚАЛЫПТАСТЫРУДЫҢ ЗАҢДЫЛЫҚТАРЫ 
 

Заманауи физикалық əдістерді (РФЭС, СЭМ, ПЭМ, БЭТ) қолдана отырып ауыр 
көмірсутектерді крекинглеу процестерінің клиноптилолит негізіндегі активті жəне 
селективті каталитикалық жүйелерін оны табиғаты əртүрлі қышқылдармен модифи-
цирлеу арқылы қалыптастырудың заңдылықтары анықталды. Модификаторлар мен 
клиноптилолиттің беткі қабатынының белсенді əрекеттесуінің нəтижесінде жаңа 
құрылымдар түзіліп, олардың каталитикалық жүйенің беткі қабаты ауданы мен ка-
талитикалық активтілігін біршама өсіретіндігі көрсетілді. Модификатор ретінде 
гетерополиқышқылдар қолданылған жағдайдағы цеолит бетін кең шешімді ПЭМ 
əдісімен тиянақты зерттеу цеолиттің ішкі көлеміне жартылай енген қышқылдың 
тұрақты кластерлік құрылымдары түзілетіндігін айқындады. Бұл кластерлердің 
өлшемдері 1-2 нанометр құрайды жəне олар əрекеттесуші реагенттерге қолжетімді. 
Модификатор ретінде гетерополиқышқылдарды цеолитке отырғызып жəне алынған 
катализаторлық жүйені қыздырып шынықтырғанда гетерополиқышқыл бөлшектері 
жоғары дисперсті күйге ауысады, соның нəтижесінде олар ерекше адсорбциялық əрі 
каталитикалық қасиеттер көрсетеді деп қорытынды жасалды. 

Түйін сөздер: табиғи цеолит, модифицирлеу, текстура, морфология, қышқыл-
дық, крекинг катализаторлары.  
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ЗАКОНОМЕРНОСТИ ФОРМИРОВАНИЯ АКТИВНЫХ И СЕЛЕКТИВНЫХ 
КАТАЛИТИЧЕСКИХ СИСТЕМ НА ОСНОВЕ КЛИНОПТИЛОЛИТА  
ДЛЯ ПРОЦЕССОВ КРЕКИНГА ТЯЖЕЛЫХ УГЛЕВОДОРОДОВ  

 

С применением современных физических методов (РФЭС, СЭМ, ПЭМ, БЭТ) 
выявлены закономерности формирования каталитических систем на основе клино-
птилолита для процессов крекинга углеводородов при модифицировании их различ-
ными по природе кислотами. Показано, что в результате активного взаимодействия 
модификаторов с поверхностью образуются новые структуры, которые ведут к 
значительному росту удельной поверхности и каталитической активности. Деталь-
ное изучение поверхности цеолита методом ПЭМ ВР показало образование устой-
чивых структур кластеров, которые частично внедрены в объем цеолита. Размеры 
этих кластеров составляют 1-2 нанометров и они доступны для реагирующих ве-
ществ. Считается, что при нанесении и в результате прокаливания катализатора 
достигается перевод частиц гетерополикислоты в высокодисперсное состояние, при 
котором у частиц гетерополикислоты появляются особые адсорбционные и ката-
литические свойства.  

Ключевые слова: природный цеолит, модифицирование, текстура, морфоло-
гия, кислотность, катализаторы крекинга. 
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FLUOROBENZOATES OF 1-PROPYL-4-KETOXIMEPIPERIDINE 

AS POTENCIAL LOCAL ANESTHETICS 
 

Abstract. p-Fluoro-, m-fluoro-, о-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.  

 

 
 

The obtained appropriate hydrochlorides of aminoesters (3-5) represent white 
crystalline substances.  

The yields, melting points, Rf and 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,  
% 

Rf 

 
Melting point,  

С 

IR-spectrum, cm-1 Molecular 
formula С=N С=О ester 

3 61.0 0.72 170-172 1639.3 1751.2 С15Н20N2О2FCl 

4 46.8 0.7 159-161 1659.8 1740.2 С15Н20N2О2FCl 

5 44.5 0.69 169-171 1654.4 1752.4 С15Н20N2О2FCl 
 

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, о-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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13C 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 С4 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 13C NMR spectra  

of hydrochlorides of 1-propylpiperidine-4-ketoxime fluorobenzoates (, ppm.) 
 

Compound С2.6 С3.5 С4 С=О С6H4F C-F N-R 

3 
50.51; 
49.60 

27.92; 
23.91 

162.92 162.42 
16.56-
132.82 

п-F 
167.15 

CH2 CH2 CH3 

57.07;17.39;11.51 

4 
50.47; 
49.63 

27.91; 
23.95 

163.28 161.32 
116.36-
131.04 

м-F 
162.28 

CH2 CH2 CH3 

57.05;17.39;11.52 

5 
50.55; 
49.48 

27.84; 
24.11 

162.70 153.30 
117.65-
132.45 

о-F 
161.23 

CH2 CH2 CH3 

57.07;17.48;11.50 

 
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].  

 

   

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 LАS-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 
 

Compounds 

Infiltration anesthesia Conduction anesthesia 

0.25% 1.0 % 

Anesthesia 
index, 
М±m 

Total anesthesia 
duration,  

min 

Effective 
duration,  

min 

Total anesthesia 
duration,  

min 

Effective 
duration, 

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 28.8±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. 13С NMR spectra of the studied 
compounds in CDCl3 are recorded on a JNM-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 1-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 l (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 1-propyl-4-(p-fluorobenzoyloxyimino)pi-
peridine is obtained, mp of 170-1720С, Rf of 0.85 (Al2O3, eluent - benzene : 
dioxane - 4:1).  

Found, %: C 56.99; H 6.32. C15H20ClFN2O2. 
Calculated, %: C 57.23; H 6.40. 
Hydrochloride of 1-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 l (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-propyl-4-(m-fluorobenzoyloxyimino)piperidine is 
obtained, mp 159-1610С, Rf of 0.7 (Al2O3, eluent - benzene : dioxane - 4:1).  

Found, %: C 57.59; H 6.29. C15H20ClFN2O2. 
Calculated, %: C 57.23; H 6.40. 
Hydrochloride of 1-propyl-4-(о-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 l (0.02 mol) of hot solution of о-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 1-
propyl-4-(о-fluorobenzoyloxyimino)piperidine is formed, mp of 169-1710С, Rf of 
0.7 (Al2O3, eluent - benzene : dioxane - 4:1).  

Found, %: C 57.09; H 6.35. C15H20ClFN2O2. 
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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1-ПРОПИЛ-4-КЕТОКСИМПИПЕРИДИН ФТОРБЕНЗОАТТАР 
 

Түрлі деңгейдегі жергілікті анестезиялық белсенділік көрсететін 1-пропил-4-
кетоксимпиперидиннің п-фтор, м-фтор, о-фтор-бензоаттары синтезделді. Фторды 
енгізу жергілікті анестетиктерге əртүрлі тиімділік дəрежесімен əкеледі. Фенил сақи-
насында фтор атомының орнына байланысты ең көп белсенділікті пара-изомерлер 
көрсетті, содан кейін орто- жəне аз белсенді метафторобензоаттар болды. 

Түйін сөздер: п-фтор, м-фтор, о-фтор-бензоилкарбонилхлорид, N-пропилпипе-
ридин-4-он, күрделі эфирлер, 1-пропил-4-(п-фтор-, м-фтор-, о-фторбензоилоксиими-
но)пиперидиндер, жергілікті анестезиялық белсенділік.  
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ФТОРБЕНЗОАТЫ 1-ПРОПИЛ-4-КЕТОКСИМПИПЕРИДИНА  

С МЕСТНОАНЕСТЕЗИРУЮЩЕЙ АКТИВНОСТЬЮ 
 

Синтезированы п-фтор, м-фтор, о-фтор-бензоаты 1-пропил-4-кетоксимпипери-
дина, проявившие в разной степени местноанестезирующую активность. Введение 
фтора приводит к местным анестетикам с различной степенью эффективности. В за-
висимости от положения атома фтора в фенильном кольце наибольшую активность 
показали пара- изомеры, затем орто- и менее активными были мета- фторбен-
зоаты. 

Ключевые слова: п-фтор, м-фтор, о-фтор-бензоилкарбонилхлорид, N-пропил-
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сиимино)пиперидины, местноанестезирующая активность. 
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SORPTION OF LEAD CATIONS (II)  

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 Pb2+ 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 Pb2+ 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 
(Al3+) 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 α-tocopherol from vegetable oils based on 
high selectivity of acid-activated clinoptilolite to α-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 NH4

+ 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 SO2 molecules 
[18]. Obviously, this is due to the reduction in the main (donor) surface centers 
(potential centers of adsorption of acceptor molecules SO2), 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 SO2. For H-Cl (4N HCl) samples protective action time and amount of 
adsorbed SO2 were maximum. However for the sample of H-Cl (8N HCl), 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 С 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 Pb2+ 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 Pb2+ 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), 
№ А30664901456.  

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 Pb2+ cations was obtained by 
introducing in the alkaline solution estimated quantity of acetic acid-lead Pb 
(CH3COO)2·3H2O.  

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 Pb2+ 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 (Z1, min), temperature (Z2, 

oC), and CPb (Z3, mg/l). 
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 Z1, min Z2, 
оС Z3, mg/L 

Upper level (+1) 
Center of the plan - zero level (Zi

0) 
Lower level (-1) 
Interval of variation along the axis (ΔZi) 
Star point (+1,682) 
Star point (-1,682) 

48,9 
32,5 
16,1 
16,4 
60 
5 

59,9 
45 

30,1 
14,9 
70 
20 

81,8 
55 

28,2 
26,8 
100 
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 Y1 (response) was residual content of Pb2+ ions 
in studied system "Pb2+ - 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 Pb2+ 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 Pb2+ cations sorption by an acid-modified zeolite in an alkaline 
medium. The results are shown in table 2.  
 

Table 2 – The residual content of Pb2+ cations and degree of their sorption  
by acid-modified zeolite in alkaline medium 

 

# 
The natural value of experiments The content of Pb2+ 

Х1, min Х2, 
оС Х3, mg/l The residual content of Pb2+, mg/L Кs, % 

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: 

 
YPb = 0,339+0,089Х2+0,106Х3+0,136X1

2+0,109X2
2+0,158X3

2+0,200X2Х3 
 



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
241

The regression equation checked with Fisher criterion by comparing the 
variances. It is found that F<F1-р(f1,f2)=YPb

2+ 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 "Pb2+ - 
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 (X1

2). The time factor affects 
independently on the output parameter and increasing coefficient by value higher 
than the coefficient of temperature factors (X2) and concentration of lead cations 
(Х3).  

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 
Pb2+ (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 CPb = 10 mg/L (figure 1, a), but leads to an increase in 
its residual content in the solution of SPb = 28 mg/L (figure 1, b). Thus, at 20°C 
after 5 min of process there is 0.92 mg/L of Pb2+, after 16 min - 0.72 mg/L of 
Pb2+, after 32 min - 0.46 mg/L of Pb2+, after 60 minutes - 0.60 mg/L Pb2+. 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. 
 

       
 

a  b  
 

Figure 1 –  
Influence of time on residual content  

of Pb (II) cations  
in liquid phase of system "Pb2+ - alkaline 

medium - acid-modified zeolite": 
а – 10 mg/L; b – 28 mg/L; c – 82 mg/L 

 
 
c 
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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 Pb2+ 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 Pb2+ ions is complex and is 
represented by positive values of the linear factor X2, quadratic X2

2, double inter-
action of temperature and concentration of Pb cations (X2X3). Since in equation 
before the coefficient of variable X2 there is a “plus” sign, the temperature factor 
affects the output parameter not only as double interaction with the third factor 
(CPb), but also independently and directly proportional with. Comparison of 
coefficients of considered factor X2 shows its practically equivalent effect along 
with the first X1 (time) and the third X3 (CPb) factors. A somewhat larger effect is 
exerted by the factor of double interaction X2X3 (temperature and CPb). Appa-
rently, lead adsorption is exerted by influence of temperature and concentration of 
Pb2+ cations.  

Analysis of the obtained results revealed that the curves dependence of 
residual content of Pb2+ 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, c). Wherein the sorption curves at 45oC in the 
range of 5-16 min in solutions with CPb = 10 mg/L have a minimum, and in the 
range of 32-60 min have maximum, while in solutions with CPb = 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 Pb2+ cations decreased (the degree of 
sorption increases), and in the second case - negative one, since the concentration 
of Pb2+ 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 CPb 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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a  b 
 

 

c 

Figure 2 – Effect of temperature on residual content of Pb (II) cations  
in the system "Pb2+ - alkaline medium - acid-modified zeolite": 

а – 10 mg/L Pb2+; b – 28 mg/L Pb2+ ; c – 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 Pb2+ 
cations on their sorption by an acid-modified zeolite is represented by positive 
linear (X3) and quadratic (X3

2) 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 X2 and time X1

2, then for X1
2 (time) its 

value is several higher, but this is somewhat balanced by the close values at 
coefficients (X3) and (X3

2) 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 (20оС) 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 (70оС) 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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а  b 

Figure 3 – The effect of Pb (II) cations concentration on its residual content  
in the system of "Pb2+ - alkaline medium - acid-modified zeolite": 

a – 20оС; b – 70оС 
 

So, at 20°C up to 50 min with increasing of CPb to 55 mg/L, lead sorption 
degree (Kc) increased, and with a further increase Kc CPb decreased. However, 
simultaneous increase in CPb and time (60 min) decreased the sorption degree 
reaching to minimum at 55 mg/l Pb, then increased with raising of CPb.  

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 Pb2+ 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 CPb 
equal to 10 and 100 mg/L, respectively, in 60 and 5 minutes (99.8-99.9%) and 
with CPb 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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СІЛТІЛІК ОРТАДА ҚЫШҚЫЛМЕН МОДИФИКАЦИЯЛАНҒАН  

ЦЕОЛИТ АРҚЫЛЫ ҚОРҒАСЫН (ІІ) КАТИОНДАРЫН СОРБЦИЯЛАУ  
 

Қышқылмен модификацяланған цеолиттің сілтілік ортада (рН 8,5) Pb2+ 

катиондарына қатысты сорбциялық қасиеттерін жүйелі түрде талдау жүргізілді. 
Уақыт, температура жəне қорғасын концентрациясының қышқылмен модифика-
цияланған цеолиттің сорбциялық қабілетіне өзара əсер ететіні анықталды. Темпе-
ратура мен Pb2+ иондары концентрациясына тəуелді сорбциялық қисықтар айрықша 
сипатқа ие. Қорғасынның сорбциялық қисықтарында максимум немесе минимум-
ның пайда болуы осы жағдайларда модификацияланған цеолиттің қорғасын ка-
тиондарымен қанығуына, соның салдарынан оның сорбциялық қасиеттерінің төмен-
деуіне байланысты болуы мүмкін. Бұл процесс өз кезегінде жүйенің тепе-теңдікке 
ұмтылуы салдарынан туындайды, нəтижесінде қорғасын концентрациясы екі фазада 
да теңеседі. Сілтілік ортада Pb (II) катиондарының қышқылмен модификацияланған 
цеолит арқылы сорбциялану процесінің оңтайлы жағдайлары анықталды. Pb (II) 
катиондары ең жоғарғы сорбциялану дəрежесіне Pb концентрациясы 10 жəне                 
100 мг/л (99,8-99,9 %) тең ерітіндіде 5 жəне 60 минутта, сондай-ақ Pb концентра-
циясы 55 мг/л (99,6-99,8 %) тең ерітіндіде 16 жəне 48 минутта 20 жəне 70оС темпе-
ратурада жетеді.  

Түйін сөздер: сілтілік орта, қорғасын (II) катиондары, ауыр металдар, қыш-
қылмен модификацияланған цеолит, сорбция.  
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СОРБЦИЯ КАТИОНОВ СВИНЦА (II)   
КИСЛОТОМОДИФИЦИРОВАННЫМ ЦЕОЛИТОМ  

В ЩЕЛОЧНОЙ СРЕДЕ 
 

Проведен системный анализ сорбционных свойств кислото- модифицирован-
ного цеолита в щелочной (рН 8,5) среде по отношению к катионам Pb2+. Установ-
лено взаимовлияние времени, температуры и концентрации свинца на сорбционную 
способность кислото-модифицированного цеолита. Сорбционные кривые в зависи-
мости от температуры и концентрации ионов Pb2+ носят экстремальный характер. 
Появление на кривых сорбции свинца максимума или минимума, вероятно, обус-
ловлено насыщением в этих условиях модифицированного цеолита катионами свин-
ца и, как следствие, снижением его сорбционных свойств. Данный процесс, в свою 
очередь, вызван стремлением системы к равновесию, при котором происходит вы-
равнивание концентрации свинца в обеих фазах. Определены оптимальные условия 
процесса сорбции катионов Pb (II) кислотомодифицированным цеолитом в щелоч-
ной среде. Наибольшая степень сорбции катионов Pb (II) достигается в растворе с 
СPb, равной 10 и 100 мг/л (99,8-99,9 %) за 5 и 60 мин и с СPb, равной 55 мг/л за 16 и      
48 мин (99,6-99,8 %) при температурах 20 и 70оС.  

Ключевые слова: щелочная среда, катионы свинца (II), тяжелые металлы, 
кислотомодифицированный цеолит, сорбция.  
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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):  



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
249

– 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: № ARO05131111 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 

PF 
«OMG» 

 

NGDU-1 Oil and gas production Department №1  

NGDU-2  Oil and Gas production Department №2  

NGDU-3 Oil and Gas production Department №3 

NGDU-4 Oil and Gas production Department №4 

UPN&PО Oil preparation and production support 

UH&E Department of ecology and chemialiration 

ОEN UzenEnergoNeft 

УРНО и ТК 
Management Whie Management of chemicals and the 
environment 

UOC-1-UOC-5 WellServiceControls 

UАТ AutomationandTelecommunicationsDepartment 

UTТ Departmentoftechnologicaltransport 

UPTO&КО Management of production and technical services and equipment 
 

Mining technology for oil-1, oil-2, oil-3, oil-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, oil-2, oil-3, oil-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 
№2/1 and №2/2 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, м3/ day Actual, м3/day 

The plant capacity 45 000 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 

 

The name 
GOST 
or ТU 

Indicators GOST or TU Note 

1 group 
for the group 

of norm 
GOST 2477-65 

Marketable 
oil GOST 

GOST 
9965-76 

Water, % 0,5 GOST -21534-76 

Content of chlorine salts, 
mg/kg 

100 GOST – 6370 -83 

The content of mechanical 
impurities, % 

0,05 ГОСТ- 6370-83 

Gas end stage 
separation 

 Density, kg / m3 0,79  
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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, P4VP and P2M5VP 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, P4VP, P2M5VP 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, Ce3+ 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-hP2M5VP 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 K2S2O8–Na2S2O3. 
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-hP2M5VP. Swelling degrees of 
the hydrogels are: α(hPAA)=27.33 g/g; α(hP4VP)=3.27 g/g; α(hP2M5VP)=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 III with rare-earth metals ions [7]. 

Cerium ions extraction degree (sorption degree) was calculated in accor-
dance with equation: 

 

η ൌ
С୧୬୧୲୧ୟ୪ െ С୰ୣୱ୧ୢ୳ୟ୪

С୧୬୧୲୧ୟ୪
∗ 100% 

 

where Сinitial – initial concentration of metal in solution, g/L; Сresidual – residual 
concentration of metal in solution, g/L. 

Total polymer chain binding degree was calculated as follows: 
 

θ ൌ
νୱ୭୰ୠୣୢ

ν
∗ 100% 

 

where νsorbed – quantity of polymer links with sorbed metal, mol; ν – 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: 

 

Q ൌ
νୱ୭୰ୠୣୢ
mୱ୭୰ୠୣ୬୲

 
 

where νsorbed – amount of sorbed metal, mol; msorbent – 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-hP2M5VP 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  
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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  

 

 
 

Figure 2 – Dependence of polymer chain binding degree  
of the intergel system hPAA-hP4VP from time 



ISSN 1813-1107                                                                                                         № 2  2018 
 

 
257

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. 

 

 
 

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 P2M5VP is 
66.33% and 50.00% respectively. 

Dependence of polymer chain binding degree (in relation to cerium ions) of 
the intergel system hPAA-hP2M5VP 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-
hP2M5VP 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-hP2M5VP from time 

 

 
 

Figure 6 – Dependence of effective dynamic exchange capacity  
of the intergel system hPAA-hP2M5VP 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-hP2M5VP 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, hP2M5VP 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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ЦЕРИЙ ИОНДАРЫН СОРБЦИЯЛАУ БАРЫСЫНДА  
ИНТЕРГЕЛДІ ЖҮЙЕДЕГІ ПОЛИАКРИЛ ҚЫШҚЫЛЫНЫҢ  

ПОЛИМЕРЛІК ГИДРОГЕЛДЕРІНІҢ ӨЗІН-ӨЗІ ҰЙЫМДАСТЫРУЫ 
 

Аннотация. Полиакрил қышқылы гидрогелі (ПАҚг) – поли-4-винилпиридин 
гидрогелі (П4ВПг) жəне полиакрил қышқылы гидрогелі (ПАҚг) –поли-2-метил-5-
винилпиридин гидрогелі (П2М5ВПг) интергелді жүйелерімен церий иондарын 
сорбциялау процесі зерттелді. Полиакрил қышқылы гидрогелінің өзін-өзі ұйымдас-
тыруына негізгі гидрогелдің құрылымы анағұрлым əсер ететіні анықталды. ПАҚг-
П2М5ВПг жүйесімен салыстырғанда ПАҚг-П4ВПг интергелді жүйесінде П4ВПг 
құрылымында үлкен метил алмастырғыштың болмауы гидрогелдердің неғұрлым 
жылдам ионизациялануына əкеледі. ПАҚ, П4ВП жəне П2М5ВП жекелеген гидро-
гелдерінің церий иондарын шығару дəрежесі сəйкесінше 63,33%, 56,67% жəне 
50,00% құрайды. 17%ПАҚг-83%П4ВПг жəне 33%ПАҚг-67%П2М5ВПг қатынаста-
рында 92,33% жəне 90,67% церий шығарылады. ПАҚ, П4ВП жəне П2М5ВП поли-
мерлік гидрогелдері полимерлік тізбектердің байланысу дəрежесінің салыстырмалы 
төмен мəндеріне ие (сəйкесінше 52,53%, 47,00% жəне 41,47%). Интергелді жүйелер-
дің мына қатынастарында полимерлік тізбектердің байланысу дəрежесі анағұрлым 
жоғары мəнге ие: 17%ПАҚг-83%П4ВПг (байланысу дəрежесі 76,59%-ға тең) жəне 
33%ПАҚг-67%П2М5ВПг (полимерлік тізбектің байланысу дəрежесі 75,21%-ды құ-
райды). 

Түйін сөздер: интергелді жүйе, өзін – өзі ұйымдастыру, сорбция, Ce3+иондары, 
гидрогелдер, полиакрил қышқылы, поли-4-винилпиридин, поли-2-метил-5-винил-
пиридин. 
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Т. К. Джумадилов, Р. Г. Кондауров 

 
САМООРГАНИЗАЦИЯ ПОЛИМЕРНЫХ ГИДРОГЕЛЕЙ  

ПОЛИАКРИЛОВОЙ КИСЛОТЫ В ИНТЕРГЕЛЕВЫХ СИСТЕМАХ  
ПРИ СОРБЦИИ ИОНОВ ЦЕРИЯ 

 
Аннотация. Изучен процесс сорбции ионов церия интергелевыми системами 

гидрогель полиакриловой кислоты (гПАК) – гидрогель поли-4-винилпиридина 
(гП4ВП) и гидрогель полиакриловой кислоты (гПАК) – гидрогель поли-2-метил-5-
винилпиридина (гП2М5ВП). Установлено, что значительное влияние на самоорга-
низацию гидрогелей ПАК оказывает структура основного гидрогеля. Отсутствие 
объемного метильного заместителя в структуре гП4ВП приводит к более быстрой 
ионизации гидрогелей в интергелевой системе гПАК-гП4ВП по сравнению с систе-
мой гПАК-гП2М5ВП. Степень извлечения ионов церия индивидуальных гидроге-
лей ПАК, П4ВП и П2М5ВП составляет 63,33%, 56,67% и 50,00% соответственно. 
При соотношениях 17%гПАК-83%гП4ВП и 33%гПАК-67%гП2М5ВП извлекается 
92,33% и 90,67% церия. Полимерные гидрогели ПАК, П4ВП, П2М5ВП обладают 
относительно невысокими значениями степени связывания полимерной цепи 
(52,53%, 47,00% и 41,47% соответственно). Наиболее высокие значения степени 
связывания полимерной цепи в интергелевых системах наблюдаются при соотно-
шениях: 17%гПАК-83%гП4ВП (степень связывания равна 76,59%) и 33%гПАК-
67%гП2М5ВП (степень связывания полимерной цепи составляет 75,21%). 

Ключевые слова: интергелевая система, самоорганизация, сорбция, ионы Ce3+, 
гидрогели, полиакриловая кислота, поли-4-винилпиридин, поли-2-метил-5-винил-
пиридин. 
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УДК. В начале статьи, в верхнем левом углу указывается номер по Уни-
версальной десятичной классификации (УДК), соответствующий заявлен-
ной теме. Далее, после отступа строки, указываются инициалы и фамилии 
автора(-ов), еще через строку следуют названия организации(-й), в которой(-ых) 
работают авторы, название города и страны. Еще ниже, через строку указы-
вается название статьи прописными буквами. Шрифт - полужирный. 

 
Аннотация. Предоставляется на языке статьи (объем не менее 150 слов).  
  
Ключевые слова. Слова и словосочетания (6-8), обеспечивающие наибо-

лее полное раскрытие содержания статьи, представляются на языке статьи. 
 
Гарнитура. Текст статьи набирается в гарнитуре Times New Roman, 

размер кегля 14 пт, межстрочный интервал - одинарный, форматирование - 
по ширине. 

 
Структура и объём статьи. Структурирование статьи производится в 

соответствии с общепринятыми стандартами: "Введение" (должно вклю-
чать в себя пояснение, в связи с чем проведено данное исследование, обзор 
актуальной литературы, обоснование выбора методологии исследований), 
"Экспериментальная часть" (описание проводимых исследований), 
"Результаты и их обсуждение" (полученные в ходе исследования резуль-
таты), "Выводы" (касательно полученных результатов, в том числе соответ-
ствуют ли они ожиданиям или нет). Объем статьи, включая аннотацию и 
список литературы: от 6 до 10 страниц. Обзорные статьи могут быть до               
20 страниц. 

 
Ссылки на использованные источники. Ссылки на использованные 

источники приводятся после цитаты в квадратных скобках, с указанием по-
рядкового номера источника цитирования, в соответствии с ГОСТ 7.1–2003 
«Библиографическая запись. Библиографическое описание. Общие требова-
ния и правила составления».  

  
Список литературы. Располагается после текста статьи. Нумерация 

начинается с первого номера, предваряется словом «ЛИТЕРАТУРА» и 
оформляется в порядке упоминания или цитирования в тексте статьи. Реко-
мендуемое количество ссылок – не менее 20, в том числе не менее 50% – 
ссылки на международные источники (журналы, входящие в международ-
ные базы данных Clarivate Analytics, Scopus, Springer Nature). Далее в том же 
порядке приводится транслитерация списка. Под одним номером указы-
вается только один источник. Список литературы должен быть представлен 
наиболее свежими и актуальными источниками. 
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Резюме. После списка литературы должны быть представлены резюме. 
К примеру, если статья написана на казахском языке, то на русском и анг-
лийском языках даются резюме, состоящие из ФИО автора (-ов), названия, 
текста ( не менее 150 слов), ключевых слов, организации, где выполнялась 
работа. 

 
Сопроводительные документы, прилагаемые к статье. К статье при-

лагаются сопроводительные документы (на казахском или русском языке): 
1. Письмо-направление в редакционную коллегию Журнала от органи-

зации, в которой данное исследование выполнено. 
2. Акт экспертизы. 
3. Сведения об авторах: Фамилия, имя и отчество каждого автора с ука-

занием ученой степени и ученого звания, служебные и домашние номера 
телефонов, домашние адреса с указанием почтового индекса, адрес элек-
тронной почты (в 2-х экземплярах). 

4. Рецензия. 
5. Научные учреждения, высшие учебные заведения, промышленные 

предприятия и каждый автор научной статьи, имеющий ученую степень 
доктора или кандидата наук, представляют ксерокопию или скан-версию 
квитанции о годовой подписке на «Химический журнал Казахстана». (Под-
писной индекс в каталоге АО «КазПочта» или в дополнении к нему – 
75 241). Без этого документа статьи не принимаются. 

 
Материалы, не соответствующие указанным требованиям, возвращают-

ся на доработку. 
Решение о публикации статьи принимает редакционная коллегия Жур-

нала. 
Электронная версия представляется на электронном носителе либо 

отправляется по электронной почте: (ics_rk@mail.ru, 
lena.yanevskaya47@mail.ru). 

Датой принятия к печати считается дата поступления версии, удовлет-
воряющей всем требованиям Журнала. Очередность публикации устанавли-
вается по дате принятия статьи к печати.  

 
Редакционная коллегия Журнала 

 
 
 


