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UDC: 666.03
RESEARCH OF THE PROCESS OF CONCRETE PRODUCTION
USING CULLET

H.B.Bafadarova
Azerbaijan State Oil and Industry University
hokuma.bafadarova@mail.ru

In this research work, was studied the possibility of using glass waste to produce concrete,
while maintaining its quality.The problem of the shortage of natural raw materials for the
production of materials for construction purposes has not lost its relevance over the past years.
This is due to the rapidly developing pace of construction. In this regard, the task of the
construction industry is to reorient enterprises towards the consumption of technogenic raw
materials. In terms of structure and physicochemical properties, cullet is a mineral resource of
anthropogenic origin.Cullet of crushed glass with a grain size of 0-20 mm was introduced into
the plastic concrete mixture in the amount of 0, 30, 50, 70 and 100% of the mass of finely
dispersed, replacing the sand with this amount of cullet. Concrete samples made from concrete
mixtures of various compositions were kept for 7 and 28 days under normal hardening
conditions, then a test was carried out to determine the strength and other characteristics of
concrete. In order to increase the strength of concrete samples, crushed granite sand and cullet
were used as aggregates for subsequent series of samples.The conducted research allows us to
confirm that replacing part of the sand with finely dispersed glass is an acceptable way to
reduce the use of natural raw materials while maintaining the strength properties of the
concrete mixture.

Keywords: concrete, cullet, grinding, fine dispersion, sand, strength, cement, composite
materials, technogenic raw materials.

INTRODUCTION

In the XXI century concrete will be developed as one of the main materials for
construction. Already today, more than a thousand types of various concretes are used -
from extra lightweight concretes with a density of 100 kg / m® - to extra strong ones
with a strength of more than 100 MPa - and a wide variety of special concretes with
different sets of properties.Modern construction is inconceivable without concrete. 2
billion m? per year - this is the volume of its use in the world today.This is one of the
most popular building materials in many respects determining the level of development
of civilization. At the same time, concrete is the most complex artificial composite
material that can have completely unique properties.

It is used in a wide variety of operating conditions, harmoniously combines with
the environment , has a limited raw material base and a relatively low cost. To this
should be added high architectural and construction emphasis, comparative simplicity
and availability of technology, the possibility of widespread use of local raw materials
and disposal of man-made waste during its manufacture, low energy consumption,
environmental safety and operational reliability. That is why concrete will undoubtedly
remain the main structural material for the foreseeable future.The last decades of the
twentieth century were marked by significant advances in concrete technology. During
these years, new effective binders, modifiers for binders and concretes, additional
mineral additives and fillers, reinforcement fibers, new technological methods and
methods for producing construction composites appeared and became widespread.
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All this made it possible not only to create and master the production of new types
of concrete, but also to significantly expand the range of materials used in construction:
from super-light heat-insulation materials (with a density of less than 100 kg/m®) to
high-strength construction materials (with a compression strength of about 200 MPa).
Today, more than a thousand different types of concrete are used in construction, and
the process of creating new concretes continues intensively. Concrete is widely used in
residential, industrial, transport, hydrotechnical, energy and other types of construction.

Concretes are artificial stone materials obtained as a result of solidification of a
thoroughly mixed and compacted mixture of a mineral or organic binder with water,
fine or coarse aggregates, taken in certain proportions. Before hardening, this mixture is
called concrete mixture [2,3].

In construction, concretes prepared on the basis of cements or other inorganic
binders are widely used. A certain amount of water is added to the dry concrete mixture.
Cement and water are the active constituents of concrete; as a result of the reaction
between them, a cement stone is formed, which consolidate the aggregate grains into a
single monolith.

There is usually no chemical interaction between cement and aggregate (with the
exception of silicate concretes obtained by autoclave curing), therefore aggregates are
often called inert materials. However, they significantly affect the structure and
properties of concrete, changing its porosity, hardening time, behavior when exposed to
load and the external environment. Aggregates significantly reduce concrete
deformations during hardening and thereby ensure the production of large-sized
products and structures. Local rocks and industrial wastes (slags, etc.) are mainly used
as aggregates. The use of these cheap aggregates reduces the cost of concrete, since
aggregates and water make up 85-90%, and cement 10-15% of the mass of concrete. To
reduce the density of concrete and improve its thermotechnical properties, artificial and
natural porous aggregates are used.

To regulate the properties of concrete and concrete mixture, various chemical
additives and active mineral components are introduced into their composition, which
accelerate or slow down the setting of the concrete mixture, make it more workable,
accelerate the hardening of concrete, increase its strength and frost resistance, regulate
the own deformations of concrete that occur during its hardening, as well as, if
necessary, change other properties of concrete.

With increasing age of concrete, its strength, density, and resistance to
environmental influences increase. The properties of concrete are determined not only
by its composition and the quality of the raw materials, but also by the technology of
preparation and placement of the concrete mixture into the structure, by the conditions
of concrete hardening. All these factors are taken into account when designing the
composition of concrete and producing structures based on it.

On organic binders (bitumen, synthetic resins, etc.), the concrete mixture is
obtained without the introduction of water, which ensures high density and
impermeability of concrete. The variety of binders, aggregates, additions of active
mineral components and technological methods makes it possible to obtain concretes
with a wide variety of properties.

Depending on the type, the purpose and features of the concrete usage, as well as
concrete products, various binders are used.

Aggregates [7] occupy up to 80% of the volume in concrete and affect the
properties of concrete, its durability and cost. The introduction of aggregates into
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concrete can dramatically reduce the consumption of cement, which is the most
expensive component. In addition, aggregates improve the technical properties of
concrete. Aggregates create a rigid skeleton in concrete and reduce concrete shrinkage
by about 10 times, compared to cement paste. A rigid skeleton made of high-strength
aggregate somewhat increases the strength and deformation modulus of concrete,
reduces deformations of structures under load, as well as creep of concrete - irreversible
deformations that occur during prolonged loading. Aggregates create a rigid skeleton in
concrete and reduce concrete shrinkage by about 10 times compared to cement paste,
contributing to obtaining a more durable material.

Porous natural and artificial aggregates, having a low density, reduce the density
of lightweight concrete, improve its thermotechnical properties. In special concretes
(heat-resistant, for protection from radiation, etc.), the role of the filler is significant,
since its properties largely determine the special properties of these concretes.

Coarse [4] and fine aggregates [5, 6] are used in concrete. Coarse aggregate (more
than 5 mm) is subdivided into gravel and crushed stone. The fine aggregate in concrete
is natural or artificial sand.

Aggregates for concrete are of various types, natural or artificial: sand, crushed
stone, gravel. Their properties are regulated by the relevant GOSTSs, technical
specifications, and other regulatory documents.

The water used for preparation of the concrete mixture must meet the
requirements. For this purpose, it is recommended to use potable water. Also, technical
circulating water and natural low-mineralized water with acceptable level of impurities
can be used.

The use of cement of lower grades increases its consumption, and the use of
cement of higher grades does not always lead to its savings. The type of cement for
various working conditions of construction products must be selected taking into
account the requirements of GOST.

An increase in the production of concrete and reinforced concrete is impossible
without an increase in the amount of aggregates. With an average annual volume of
concrete and reinforced concrete production of more than 60 million m?, the need for
non-ore filler is more than 50 million m3, for fine aggregate 50-55 million m3. However,
the expansion of mining of the main types of aggregates for concrete cannot always be
realized. The issue of developing compositions and technologies for obtaining building
materials based on industrial waste is highly relevant. In recent years, the utilization of
unsorted cullet has been of particular interest. Many leading research centers in the CIS
countries and abroad have been actively working in the field of cullet utilization in
recent years [1, 11, 12].

Materials based on cullet meet the relevant requirements of the applicable GOST.
Moreover, they are highly competitive in their general construction and functional
properties to modern similar materials based on traditional binders. And for a number of
indicators, such as biostability, thermal conductivity, acid resistance, even surpass them
[8]. Today cullet is an important part of our life and at the same time - a universal
material. It is used in domestic consumption, in scientific research, in modern
architecture, as well as in the branches of science and industry.

From an environmental point of view, glass is considered the most difficult waste
to recycle. It is not subject to destruction under the influence of water, atmosphere, solar
radiation, frost. In addition, glass is a corrosion-resistant material that does not destruct
under the influence of the overwhelming amount of strong and weak organic, mineral
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and bioacids, salts, as well as fungi and bacteria. Therefore, if organic waste completely
decomposes after 1-3 years, polymeric materials - after 5-20 years, then glass, like steel,
can remain without much damage for tens and even hundreds of years.

Glass has high strength and inertness, which allows it to be used as a material that
replaces more expensive analogs as an aggregate in concrete, drainage and other
systems.

The use of glass as an aggregate in concrete makes it possible to completely or
partially replace gravel or crushed stone, and sometimes Portland cement and
pozzolanic additives [10, 11].

Glass cullet is a valuable secondary raw material, the production of which has
already consumed not only natural raw materials, but also large energy resources.

Utilization of glass cullet is a relevant scientific and technical task, the successful
solution of which can bring significant economic and environmental benefits.

EXPERIMENTAL PART

From the point of view of chemical and physical structure, cullet can be
considered as a mineral resource - amorphous silicate material of anthropogenic origin.
Obtaining composite building materials - foam glass, light concrete from unsorted cullet
will allow solving the following tasks: saving natural resources, reducing harmful
emissions in glass production, reducing the volume of cullet accumulation.

The task is to correctly select the composition of the concrete where part of the
fine aggregate of natural origin would be replaced by cullet.

To obtain concrete, it is necessary to observe the proportionality of the
composition to other materials used, such as sand, cement, crushed stone and water
[9,10].

Cullet used in the research was from container crushed glass with a grain size of
0-20 mm. Finely ground/powdered glass was used as an aggregate instead of natural
sand, the chemical composition of the glass is given in table 1.

Table 1
Chemical composition of the container glass
Chemical | g | ALO; | Fe,0 Na,0+K,0 | SO
element 10, 203 e,0; | CaO MgO ay 5 3
content |21 5 73710,2.3,3 |1,7.3.2 [5,2.9.1 [0.1.06 | 152.16 |up t0..0,2
percentage %

In order to study the possibility of using cullet as aggregates for the manufacture
of concrete samples, granite crushed stone of 5-10 mm fraction and as a fine aggregate -
natural sand and cullet with a grain size of 0-10 mm were used. The cullet was
introduced into the composition of the workable concrete mixture in the amount of 0,
30, 50, 70 and 100% of the mass of fine aggregate, replacing the sand with the given
amount of cullet. Sample sizes, technology of concrete pouring, as well as processing of
samples and the amount of concrete are carried out in accordance with the requirements
of the standard. The composition of the samples is shown in table 2.
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Table 2
The composition of the concrete mixture

No of the experiment 1 2 3 4 5

The content of cullet from the

mass of fine aggregate, % 0 30 50 70 100
Cement, g 150 150 150 150 150
Natural sand, g 205 143 102 61,5 0
Cullet, g 0 61 102 143 205
Crushed stone 5—10 mm, g 56 56 56 56 56
Water, ¢ 70 70 69,5 69,5 69,5

Concrete specimens made from concrete mixtures of various compositions were
kept for 7 and 28 days under normal hardening conditions.The research results are
shown in fig.2. and in table 3.

When compressing concrete, the ultimate tensile strength was determined on cube
samples with dimensions of 40x40x40 mm on a YAW-300D apparatus for building
materials. Strength characteristics of concrete samples were determined in accordance
with the requirements of GOST 10180-2012 “Concrete. Methods for Determining
Strength Using Control Samples”.

Fig. 1. Apparatus YAW -300D
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Fig. 2. Dependence of concrete strength on the amount of cullet
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Table 3
Compressive strength (MPa) with the amount of cullet in % of the mass of fine

aggregate
Age of samples The amount of cullet from the mass of fine aggregate
0% 30% 50% 70% 100%
7 days 31,4 27,4 30,35 29,7 28,8
28 days 46,5 42,4 42,2 43,2 43, 2

The research carried out have shown that replacing fine sand with cullet in the
amount of 30% decreases the strength of concrete at the age of 28 days by = 9.2%, and
with a further increase in the proportion of cullet in fine aggregate, a slight increase in
concrete strength occurs. When replacing fine sand with cullet in the amount of 70%, the
strength of concrete decreases at the age of 28 days by 7.2%. It can be assumed that the
decrease in the strength of concrete when cullet is added to the fine aggregate is due to
the fact that the glass grains have a smooth surface, and there is no adhesion to the
cement stone.

In order to increase the strength of concrete samples, crushed stone of a fraction
5-10 mm was used as aggregates for samples of series I, and crushed sand from granite
and cullet with a grain size of 0-10 mm was used as a fine aggregate. The cullet was
introduced into the composition of the workable concrete mixture in the amount of 0,
30, 50, 70 and 100% of the mass of fine aggregate, replacing the sand with the given
amount of cullet. The composition of the concrete mix is shown in table 4.

Table 4
The composition of concrete mixture

Ne of the experiment 1 2 3 4 5 6
The content of cullet from the 0 15 30 50 70 | 100
mass of a fine aggregate, %
Cement, g 150 150 150 150 | 150 | 150
Crushed sand from granite, ¢ 214 182 150 107 64 0
Cullet, g 0 33 64 107 | 150 | 161
Crushed stone 5 —10 mm, g 161 161 161 627 | 161 | 161
Water, g 75 75 75 75 75 75

The appearance of concrete specimens before testing and after testing for ultimate
compressive strength is shown in fig.3

Fig.3. Appearance of concrete specimens before and after testing for
compressive strength

e ——
9
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RESULTS AND DISCUSSION

The results of concrete samples testing at the age of 7, 14 and 28 days after curing
under normal hardening conditions are shown in fig.3 and table 5.
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Fig.4. Dependence of concrete strength on the amount of cullet

Table 5
Results of concrete strength test

% gess by weightof L e
fine aggregate

7 14 28 7 28
0 436 | 444 46,6 | 314 46,4
15 39,2 | 46,2 53,1 26,2 43
30 38,1 | 446 52,4 27,4 42,4
S0 39,7 | 453 49,2 | 305 42,2
75 31,9 41 41 29,7 43,2
100 336 | 358 41,4 28,8 43,2

According to the test results, the strength of concrete samples on crushed granite
sand is higher than the strength of samples with the same percentage of cullet on natural
sand.

Data given in fig.4 and table 5 show a small (within 10%) strength gain of
concrete with 15% cullet content in crushed granite sand. Then an increase in the
amount of cullet in the crushed sand gradually leads to a decrease in the strength of the
concrete. So, replacing crushed granite sand completely with cullet reduces the strength
of concrete by about 11.3% compared to the strength of concretes made only on crushed
sand.

Crushed glass reacts with cement hydrates and as a result, the chemical
composition of the cement is improved. The cement becomes stronger and more durable
and does not absorb water as quickly as conventional cement. The activity of a cullet
binder is influenced by its chemical composition, fineness of grinding, water-binder
ratio and parameters of autoclave treatment. With an increase in the fineness of grinding

—_— =
10
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of the binder, its specific surface area increases, as a result of which its solubility and
the number of contact points between the cullet and aggregate particles increase. This is
associated with an increase in the strength of glass concrete.

CONCLUSION

Thus, taking into account the results obtained, it can be concluded that at a late
stage of hardening of composite materials, with partial replacement of the fine
aggregate with cullet, a very dense and homogeneous structure of contact zone is
formed. Strength properties on the basis of cullet are determined by the content of
individual components in the composition.

In the context of the high cost of natural raw materials, scientific research work is
of particular value, revealing new opportunities for the use of waste in the creation of
building materials based on them.

The secondary use of this type of raw material will provide a significant economic
and environmental effect. The research showed that the technology of the production of
building materials based on cullet is quite simple, does not require special equipment
and large material investments.
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HNCCIEAOBAHHUE ITPOLECCA INIOJYYEHUA BETOHA C
HNCITIOJIb3OBAHUEM CTEKJIOBOSI

H.B.Bafadarova
Azerbaijan State Oil and Industry University
hokuma.bafadarova@mail.ru

B oannoti uccnedosamenvckou pabome uzyuanUCh B03MONCHOCHb UCNOAb308AHUS OMX0008
cmekaa 0N NOAY4YeHusi OemoHa,npu  coxpanenuu e2o Kawecmeéa.llpobnema OJepuyuma
npUPOOHO2O  Cbipbsi  OJisL  NPOU3BOOCMEA MAMEPUANIO8 CMPOUMENbHO20 HA3HAYEHUs Ha
NPOMSINCEHUU NOCACOHUX JIlem He mepsiem C80el aKMmyaibHOCmu. Omo 00YCl061eHO Oblcmpo
PA3BUBAIOWUMUCS TMEMINAMU CIMPOUmenbemed. B cesasu ¢ amum, 3aoauetl cmpoumenbHoll
UHOYCIPUU SI8TSEMCSE NePeoPUeHMayusi NPEONnPUSIMuULL Ha NompedieHue MEXHOZEHHO20 CbIPbsL.
Ilo cmpoenuto u pusuUKo-XuMu¥eckum CeoUCmeam cmexioboll npedcmasisiem coool MUHEpaib-
HbIIL pecypc aHmpono2eHH020 npoucxodicoerus.. Cmekioboi u3  USMEIbYEHHO20 CMEKId ¢
xkpynnocmoio  @paxyuu  0-20  mm, 6s00uncs 6 cocmae naacmuuHOU OEMOHHOU cMecU 8
xoauuecmsee 0, 30, 50, 70 u 100 % om maccer menxo2o 3anoaHumens, 3ameHsas NecoK
OQHHbIM ~ KOJIUYECB8OM  CmeK1000s. H3ecomosnennvle Oemonnvie 00pasyvi U3 OEmoOHHOU
CMeCU PA3IUYHBIX COCMABO8 BbLOEPIHCUBAIUCL 6 meyeHue | u 28 cymox 6 HOPMAAbHbIX YCIlo-
BUSIX MBEPOCHUS ,3ameM NPOBOOUJICSL TeCH HA ONpeodeieHie NPOYHOCU U Op XAPAKMEPUCMUK
bemona. C  yenvlo  NOGbLULCHUS — NPOYHOCMU — OEMOHHBLIX — 00paA3y08 6  Kauecmee
sanonnumeneil  ONsl  NOCACOVIOWUX cepuu o0pas3yos ObliU  UCHOIb308AHbL 8  KAYeCmee
MENKO20 3aNoHumens — OpoOAeHblll necox u3 cpanuma u cmexaiobou. Ilposedennviee
UCCNIe008aAHUsL  NO36OISIIONM  YMBEPHCOamb, UYMO 3AMeHAd YACmu MEIK020 3anOJHUMEs
MENKOOUCNEPCHbIM — CIMEKIOM — AGIACMCS  NPUeMIeMbiM — CHOCOOOM — ONsl  YMEHbULEeHLs.
UCTIONIb308AHUSL NPUPOOHO20 CHIPbSL C COXPAHEHUEM NPOYHOCHHBIX CEOUCME OEMOHHOU CMECH.
Keywords: 6emon, cmexnoboti, usmenvuenue, MeaKOOUCHEPCHOCMb, NECOK, NPOYHOCHIb,
yemenm, KOMIO3UYUOHHbLE MAMEPUALbL, MEXHO2EHHOE CbIPbE.

BETONUN ALINMASINDA SUSO QIRINTILARININ ISTIFADOSI
PROSESININ TODQIiQi

H.B.Bafadarova
Azarbaycan Dovlat Neft va Sanaye Universiteti
hokuma.bafadarova@mail.ru

Bu tadgiqat isindo keyfiyyatini qoruyaraq beton alda etmok iiciin siiso tullantilarindan istifada
etmak imkani arasdirilnisdir.Son illor arzindo tikinti materiallarin istehsali ticiin tabii xammal
catismazlq problemi aktualligini itirmir. Buna sabab,tikintida stratli inkisaf temploridir. Bu
baximdan tikinti sonayesinin vazifasi muassisalori texnogen xammal istehlakina yonaltmakdir.
Struktur va fiziki va kimyavi xususiyyatlorina gora siiso quriglart antropogen mongali mineral
ehtiyat tamsil edir.Plastik beton qarisiginin tarkibina xiwrda doldurucu kimi, fraksiyasimin 6l¢iisii
0-20 mm olan siisa qurintist qum Kitlasinin 0, 30, 50, 70 va 100% miqdarim stisaqurintist ilo aVaz
edilir. Muxtaolif torkibli beton qarisigindan hazirlanmis beton niimunalar 7 va 28 gln arzinda
normal barkima soraitinds saxlanilmig, sonra betonun mohkamliyinin va digar xususiyyatlarinin
miayyan edilmasi iigiin test aparilmisdir.Beton niimunalorinin mohkomliyini artirmaq itigiin
sonraki seriya niimunalari iigiin xirda doldurucu kimi xirdalanmus qranit qumu va siiso qirintis
istifado edilmisdir.Aparilan arasdirma, qumun bir hissasini xirda dispers stisa ilo avazetmayin
beton qarisigin mohkamlik xtsusiyyatlarini goruyaraq tabii tabii xammal istifadasini azaltmaq
ucun magbul bir yol oldugunu iddia etmaya imkan verir.

Acar sozlar: beton, siisa qiriglari, daslama, xirda dispersiya, qum, méhkamlik, sement, kompozit
materiallar, texnogen xammal
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UDC 547.569.665.66
STUDY OF INHIBITOR-BACTERICIDAL EFFECT OF ORGANIC AND
INORGANIC COMPLEXES OF THE IMIDAZOLINES SYNTHESIZED ON
THE BASIS OF SYNTHETIC PETROLEUM ACIDS ON MICROBIOLOGICAL
CORROSION

N.N.Babanly
Y.H.Mammadaliyev Institute of Petrochemical Processes of Azerbaijan National
Academy of Sciences
babanlinermin@gmail.com

Imidazoline was synthesized on the basis of synthetic-, oxysynthetic- petroleum acids and
polyethylenepolyamine in the ratio (1:1), at 230°C for 4 h and their organic and inorganic
complexes with hydrochloric and acetic acids were obtained. Solutions of the obtained
complexes in isopropanol were prepared in three concentrations (25; 150; 250 mg/l), their
effect on sulfate-reducing bacteria vital activity was tested in 7-14 days at 30-32°C. It was
determined that imidazoline had 64.5%, imidazoline complex with hydrochloric acid - 87.5%,
imidazoline complex with acetic acid - 91% of bacteria-destroying inhibitor-bactericidal effect
at a concentration of 250 mg/I.

Keywords:  microbiological  corrosion,  imidazoline,  synthetic  petroleum  acid,
polyethylenepolyamine, sulfate-reducing bacteria.

INTRODUCTION

Biocorrosion is a special type of metal equipment destruction caused by
microorganisms. Mechanism of materials biodegradation process is different and
depends on the peculiarities of a destructive object, as well as biofactors [1-4].
Microorganisms affect metal corrosion but not directly on it. It’s explained by the fact
that they change corrosive medium composition and destroy an oxide layer on metal
surface. Metabolic products are formed and gas regime, electrolyte composition, its pH,
etc. varies in the process of their vital activity. This corrosion can also be studied as an
independent destructive system, but more often biocorrosion occurs in non-electrolytes,
aqueous solutions along with other corrosion processes, such as atmospheric, soil,
marine corrosion. Biocorrosion is one of the causes for equipment and pipeline failures
in aquatic environment.

Hydrogen sulfide is considered the metabolic product of SRB that reduces
petroleum quality, complicates refining, and accelerates the corrosion of petroleum
industry equipment. It is known that 80% of equipment corrosion in oil refining
industry is caused by SRB that creates an active environment for corrosion as a result of
vital activities. In a short period of time, they increase their numbers using sulfur
compounds of oil in their food chain.

Microbiological corrosion occurs faster in long-term deposits, especially in the
absence of bactericidal action against SRB, amount of dissolved hydrogen sulfide
increases in the products extracted, and corrosion processes are intensified in the
presence of H,S. Therefore, effect of the proposed inhibitor-bactericides on hydrogen
sulfide corrosion should also be studied. The most effective way to prevent biocorrosion
of equipment during oil extraction is the use of bactericidal reagents that stop vital
activity of SRB [5-7].

One of the most effective ways applied to stop SRB vital activity is the use of
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nitrogen-containing reagents [8-11].

The object of our research was to synthesize imidazoline on the basis of synthetic
petroleum acids (SPA), oxysynthetic  petroleum acids (OSPA) and
polyethylenepolyamine (PEPA), obtain their complexes with organic and inorganic
acids (with hydrochloric and acetic acids) and study bactericidal activity against SRB.

EXPERIMENTAL PART

The IR spectroscopy of the synthesized imidazoline was recorded on “ALFA” IR-
Fourier spectrometer by the German company “Bruker” in the range of 400-4000 cm™
wavelength, initial crystallization temperature was determined on ASTM 2386
Stanhope-Seta device according to GOST 5066-91, refractive index on “Abbemat”
350/500 refractometer and density on "DMA" 4500 M device.

Initially, 1:1 molar ratio of SPA+OSPA [14] obtained by the catalytic oxidation of
naphthene-paraffinic hydrocarbons separated from the diesel fraction of Azerbaijani
petroleum mixture and polyethylenepolyamine (PEPA) was taken and imidazoline was
synthesized in 97% yield at 240°C by separation of 2 mole of water.

Imidazoline was synthesized on the basis of SPA+OSPA and PEPA in 1:1 molar
ratio according to the following scheme:

e 130-140°C
R-CH-CH,-CT_ + NH,(CH,CH,NH),CH,CH,NH,
OH -H,
OH

=0
— R-CH-CH,-CZ<_ 240°C
| NH(CH,CH,NH),CH,CH,NH, —— g
OH -H,O

_—~N—CH
— RrRcH-cZ [
N—CH,

OH (CH,CH,NH),_ ;CH,CH,NH,
Table 1
Physicochemical properties of SPA+OSPA and PEPA-based imidazoline
No Properties Imidazoline
1 Aggregate form Viscous liquid
2 Odour Pungent
3 Colour Dark brown
4 Average molecular weight 524
5 Freezing point, °C 5
6 Specific weight kg/m®; 20°C 1131.2

Physicochemical properties of the synthesized imidazoline were studied and set

into table 1.

The structure of the synthesized imidazoline was confirmed by IR spectroscopic

method (fig. 1).
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Fig.1. IR spectrum of the imidazoline synthesized on the basis of
SPA+OSPA and PEPA
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The following absorption bands were registered in the spectrum:
e mathematical vibration of CH, group C-H bond at 722 cm™ ;
CH, and CHj3 groups C-H bond deformation and stretching vibrations at 1375, 1456,
2853, 2923 cm™;
alcohol C-O bond at 1126, 1157 cm™;
stretching vibration of imidazoline N-H bond at 1550 cem™:
imidazoline C=N bond at 1644 cm™;
imidazoline N-H bond at 3081 cm™;
oxy?cid OH group and imidazoline NH group N-H bond vibrations overlap at 3291
cm™;
e OH group O-H bond deformation vibration at 1009, 1057 cm™.

Organic and inorganic complexes of the synthesized imidazoline with HCI and
CH3COOH acids were obtained in 1:1 ratio at room temperature, 20% isopropyl alcohol
was selected as the dissolution medium for the complexes and completely transparent
solutions of the complexes were obtained in the medium. The reaction for obtaining
SPA+OSPA and PEPA-based imidazoline derivative complexes with organic and
inorganic acids occurs on the following equation:

B 1+
N— CH N— CH
VY 2 Y7 2
RC< +HX ____ o [RC < X
N— CH, N— CH,
(CH,CH,NH),,.,,CH,CH,NH, (CH,CH,NH), ,CH,CH,NH;,

Here X = CH3COO and CI
Physical properties of 20% solutions of the complexes were studied and set into

table 2.
Table 2

Physical properties of 20% solitions of inorganic complexes of obtained imidazoline
No | Samples | Refractive index, ng"° | Density,g/cm® |  Freezing point,"C

1 T-2 1.3968 0.8742 -42

2 T-3 1.3992 0.8533 not frozen at — 60

Note: T-1- imidazoline synthesized on the basis of SPA+OSPA and PEPA, T-2 —
imidazoline complex with HCI, T-3 imidazoline complex with CH3;COOH in 1:1 ratio.

— e ———
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RESULTS AND DiSCUSSION

Effect of T-1, T-2 and T-3 complexes on SRB vital activity was studied as
follows.

Desulfovibrio desulfurican genus and 1143 strain of SRB were used for the tests.
SRBs are obligate anaerobic bacteria reducing sulfates to hydrogen sulfide. The most
suitable nutrient medium for the growth of SRBs is the Postgate B medium. The
medium pH should be between 7.0-7.5 [12].

The experiment was performed in a pre-sterilized 10 ml test tube by a known
method. For the purpose of determining the number of bacteria in an inhibitor-free
medium, the bacteria were first diluted, cultured and kept in a thermostat at 30-32°C for
7-14 days and incubated for 7-14 days. The number of bacteria in the inhibitor-free
medium was n = 108 at the end of the experiment. Further, the complexes were added to
the medium at the concentrations of 25, 150 and 250 mg/l and kept in a thermostat at
30-32° C for 7-14 days again. The complexes were observed to have a significant effect
on the growth of bacteria in the first 72 h of the experiment. Graphical representation of
the complexes effects on SRB growth at the concentrations of 25, 150 and 250 mg/I is
presented in fig. 2.

( N

250 mg/l; T-1; 250 mq/1; T-2; 250 mg/l; T-3;
64,5 87,5 91

=W~ 150 ma/ T-Lem— 150 mq/; T2, o 1ogmarkT3;
50,3 75 28Bmgq/l

L5 ma/
—— SRR,
250 mg/l; 66
linhibitorsdz; 0/*\0—/'_0

linhibj z0
-

. . J
Inhibitor-free mg/I

Bakterisid effekti (%o)

Fig. 2. Graphical representation of T-1, T-2 and T-3 bactericidal
effects on SRB vital activity.

The inhibitor protective effect is calculated on the following formula according to

the found H,S amount.
€y — Cing)d
Co 100%

Co- hydrogen sulfide amount in the controlled medium, mg/I;

Cinn- hydrogen sulfide amount in the medium with reagent, mg/I.

Bactericidal effect of the samples (T-1, T-2, T-3) was calculated and the results
are presented in the table 3.
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Table 3
The results of concentration dependent bactericidal effects of
T-1, T-2, T-3 complexes
Conventional symbols Substance Bacteria H,S Bactericidal
and compositions of the | concentration, | number (cell | amount, effect,
complexes C-mgl/i number/ml) mg/l Z-%
25 10° 143 47.4
T-1 150 10° 135 50.3
250 10" 96.5 64.5
25 10° 135 50.3
T-2 150 10° 67 75
250 10" 34 87.5
25 10° 93.5 66
T-3 150 10° 47 83
250 10" 25 91
Control-1 H,S amount in SRB-free
. 25 mg/I
medium
Control-Il H,S amount in SRB medium 272 mg/l
Control-111- bacteria number in nutrient 8
. 10° cell number/ml
medium

*Test | and Test Il show H2S amount in controlled bacteria-free and bacterial media.
(Test I - H,S amount in SRB-free medium -25 mg/l, test Il -H,S amount in SRB
medium -272 mg/l), test 111 shows the number of bacteria in the nutrient medium (108

cell number/ml).

As is evident from the table, T-1, T-2, T-3 complexes prevented SRB growth by
bactericidal effect of 47.4-66% at a concentration of 25 mg/l, 50.3-83% at 150 mg/I, and

64.5-91% at 250 mg/.

The studies proved that in comparison with the synthesized imidazolines, the
complexes on the basis of them have a higher bactericidal effect and completely prevent
the growth of sulfate-reducing bacteria.

CONCLUSION

. Imidazoline in 97% yield was synthesized on the basis of SPA+OSPA and PEPA, the
complexes were obtained with hydrochloric and acetic acids and the solutions were
prepared at the concentrations of 25, 150, 250 mg/l, physicochemical properties were
determined and sulfate-reducing bacteria vital activity was tested.

. Effect of the inhibitors synthesized in microbiological corrosive medium on genus

Desulfovibrio desulfuricans of SRB was tested and a high biocidal activity was

determined.

. Bactericidal effects of the studied samples were calculated on the formed H,S

amount. It was determined that at a concentration of 250 mg/l imidazoline complex

T-1 had 64.5%, imidohydrochloride complex T-2 — 87.5% and imidoacetic complex

T-3 —91% bactericidal effect.

. As a result of the studies, the complexes obtained on the basis of the synthesized

imidazolines are recommended for industrial use due to the high bactericidal effect
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preventing the growth of sulfate-reducing bacteria.
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N3YYEHUE UHI'MBUTOP-BAKTEPULIUIHOI'O BJIMSIHUA
OPTAHMYECKHUX U HEOPTAHUYECKHUX KOMIIVIEKCOB
CHUHTE3UPOBAHHBIX UMHUIA30/IMHOB HA OCHOBE
CUHTETUYECKUX HE®TAHBIX KHCJIOT HA
MHUKPOBHUOJIOT'HTYECKYIO KOPPO3HIO

H.H. Babannwv
Unemumym Hegpmexumuueckux npoyeccos um. FO. I'. Mamedarueea HayuonanvHot
akademuu Hayk Azepbaiioxcana
babanlinermin@gmail.com

Cunmesupogan umMuOa30IUH HA OCHOGE CUHMEMUYECKUX-, OKCU- HEeQMAHbIX KUCIOM U
noaudsmuieHnoauamura 8 coomumowernuu (1: 1), npu memnepamype 230°C, ¢ meuenue 4 uacos u
NONYYEHbl UX OP2aHUYecKue U HeopeaHuyecKue KOMNIEKCyl ¢ CONAHOU U YKCYCHOU KUCTIOMAMU.
Ipucomosnenvl pacmeopsi NOAYUEHHBIX KOMNIEKCO8 8 U3ONPONAHONE 8 MpPeX KOHYEHMPAayusx
(25; 150; 250 me/n), nposepero enusnue cyibphampedyyupyrouux 6axmeputi Ha HCUSHEHHYHO
OdesimenvHocms 6 mevenue 7—14 Owneil npu memnepamype 30-32°C. Ycemawnoeneno, umo
UMUOA30IUH NOKA3bI8Aem UHSUOUMOP-OaKMepUuyuoHoe C8OUCME0, YHUYMOod cas bakmepuu npu
KoHyenmpayuu umuoazonuna 250 me /n - 64,5%, xnopcooepoicawuii KOMIIEKC UMUOAZO0NUHA -
87,5%, yrcyccooeparcawuii komnaexe umuoasonuna - 91%.

Kniouegwie cnosa: mukpobuonocuueckas Kopposus, UMUOA30IUH, CUHMEMUYecKas Hepmanas
KUCTIOMA, NOTUIMULEHNOIUAMUH, CYTbghampedyyupyiowas 6akmepusl.

SINTETIiK NEFT TURSULARI OSASINDA SINTEZ OLUNMUS
IMIDAZOLINLORIN UZVi VO QEYRIi-UZVi KOMPLEKSLORININ
MIKROBIOLOJi KORROZIYAYA INHIBITOR-BAKTERISID TOSIRININ
OYRONILMOSI

N.N.Baban
AMEA akademik Y.H. Mammadaliyev adina Neft-Kimya Proseslari Institutu
babanlinermin@gmail.com

Sintetik neft tursulari, oksi- tursular va polietilenpoliamin asasinda (1:1) nisbatda, 230°C
temperaturda, 4 saat miiddatinda imidazolin sintez olunmusg, vo onlarin xlorid va Sirka tursular:
il2 iizvi vo qeyri-iizvi komplekslori alinmisdir. Alinmis komplekslarin izopropanolda ii¢ qatiligda
olmagla (25; 150; 250 ma/l) mahlullar: hazirlanms, 7-14 giin arzinda 30-32°C temperaturda
sulfat reduksiyaedici bakteriyalarin hayat foaliyyatine tosiri yoxlanilmigdr. Miiayyan edilmisdir
ki, 250 mq/l qatiligda imidazolin 64.5%, xlorid torkibli imidazolin kompleksi 87.5%, sirka
tarkibli imidazolin kompleksi isa 91% bakteriyalar: mahv edarak inhibitor-bakterisid xassasi
gostormisdir.

Acar sozlar: mikrobioloji korroziya, imidazolin, sintetik neft tursusu, polietilenpoliamin,
sulfatreduksiyaedici bakteriya
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UDC 547.624
INVESTIGATION OF THE REACTIiON OF OBTAINIiNG HYDROGEN FROM
ETHANOL OVER BIiNARY NiCKEL-SERIUM OXIiDE CATALYSTS

D.V. Akhmedova, V.L. Baghiyev
Azerbaijan State Oil and Industry University
daxmedzade @bk.ru

In the presented work, we had investigated the reaction of steam conversion of ethanol to
hydrogen over binary nickel-cerium oxide catalysts of various alignments. It is also resoluted
that hydrogen yield at a maximum temperature of 600 ° C reaches 76.5%, and the reaction
products above 500 ° C contained only hydrogen, methane and carbon monoxide. It was found
that the atomic ratio of nickel to them affects the activity of oxide catalysts Ni-Ce-O in the
reaction of steam reforming of ethanol. Thus, as the amount of nickel oxide in the catalyst
increases, the hydrogen yield in the Ni-Ce = 5-5 catalyst gradually exceeds the maximum by
82.3%. Based over the X-ray phase analysis, it was initiated that two phases are formed in the
Ni-Ce-O catalytic system: NiO and CeO,, and the ratios change according to the directions.
The yields of the reaction products and the degree of crystallinity of the catalysts are compared.
It was initiated that with an increase in the degree of crystallinity of the trial, the yield of
hydrogen passes through a maximum, while the yield of methane passes through a minimum,
and the yield of carbon monoxide declines.

Keywords: binary catalysts, hydrogen, bioethanol, methane, crystallinity, steam reforming,
activity, carbon monoxide.

INTRODUCTION

From the periodic literature it is known that different catalytic systems are used to
carry out the reaction of steam conversion of ethanol to hydrogen. High activity in this
reaction is manifested by simple and multicomponent catalysts based on cerium oxide.
According to earlier studies, binary cerium oxide catalysts have high activity in the
reaction of steam conversion of ethanol. In connection with this, we studied the activity
of binary nickel-cerium oxide catalysts in the reaction of steam conversion of ethanol to
hydrogen [1].

The reaction of steam conversion of ethanol to hydrogen is of both theoretical and
practical interest. On the one hand, hydrogen in the future will be one of the main
sources of energy. On the other hand, ethanol, obtained from bioresources, is a
renewable raw material [2].

The main scientific idea of the presented article is to obtain valuable compounds
for the chemical industry from renewable raw materials such as ethanol, hydrogen,
acetic acid, and acetone, to research the reactions, and to offer a scientific basis for the
production of hydrogen, acetic acid, and acetone [3].

The anticipated venture is both economically and ecologically applicable. The
economic significance is the renewable bioethanol is used as the primary raw material
to attain hydrogen, acetic acid and acetone which are valuable chemical monomers The
ecological significance is that the industry uses renewable raw materials and as the
result — carbon dioxide emissions don’t increase [4,5].

Hydrogen invention from ethanol is observed as a auspicious way for energy
sustainable development, which is undergoing an quick-tempered development over the
last decade. Besides operating conditions, hydrogen yield momentously dependent on
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the countryside of metal and the support nominated [6,7].

Hydrogen is a promising fuel for various types of power plants, including low-
power devices (1-50W). However, the accumulation and storage of molecular hydrogen
is currently a problem. One of the possible ways to overcome the emerging problems
may be the generation of hydrogen from hydrocarbons, for example, alcohols (ethanol)
in the process of steam catalytic conversion. Ethanol in this case has a number of
undoubted advantages in comparison with methanol: low cost, low toxicity, ease of
transportation and operation, as well as the possibility of obtaining it from renewable
sources (bioethanol )[8,9].

EXPERIMENTAL PART

Nickel-serum oxide catalysts are prepared by the method of co-precipitation of
aqueous solutions of nickel nitrate and serium nitrate. The resulting mixture is
evaporated at 95-100°C, then the precipitate is dried at 100-120°C and then decomposed
at 250°C until complete separation of nitrogen oxides. The obtained solid mass was
incubated at 700°C for 10 h. In general, we have prepared 9 samples of catalysts that
meet the following conditions:

mNi/nCe, where m, n = 1+9, m+n =10

The activity of the synthesized catalysts was studied in a flow unit with a quartz
reactor at a temperature range of 300-700°C. The reactor was loaded with 5 ml of the
studied catalyst with a grain size of 1.0-2.0 mm and studied its activity in the reaction
of steam conversion of ethanol.

Radiographic investigations of the phase composition of tresearched catalysts
were carried out on an automatic powder diffractometer (CuKa-radiation, Ni-filter) of
the company "Bruker"” (Germany) "D2 Phaser"..

Radiographic investigation of Ni-Ce-O catalysts were performed in the range of
50 <26 <750 reflection angles. The figure below fig.1 shows a diffraction pattern of all
nine mNi / nCe ratios combined. NiO and CeO: oxides are also shown at the beginning
and end of these diffraction patterns.

od TwoTheta/Theta) WL 54060

Fig.1. Radiographic in\;ggifgation of Ni-Ce-O catalysts

Based on X-ray phase analysis, it was found that two phases are formed in the
Ni-Ce-O catalyst system: NiO and CeO., and the ratios change according to the rules.
We also calculated the degree of crystallinity of all trials table 1 on the D2 Phaser using
the DIFFRAC.EVA program, the results of which are shown in the table below.

Table 1
The degree of crystallinity in trials

Atomic ratio of Ni:Ce 1-9 | 2-8 |3-7 |4-6 |5-5|6-4|7-3]8-2 |9-1

The degree of crystallinity , % | 78.7 | 76.2 | 70.5 | 65.9 | 59.1| 50.6| 42 | 38.8 | 27.3
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As can be seen from the table, the crystallinity decreases in the samples as the
amount of nickel increases. Researches of the vapor conversion reaction of ethanol to
hydrogen on synthesized nickel oxide catalysts show that the main products of the
reaction are hydrogen and carbon dioxide. Acetaldehyde, ethyl acetate, carbon
monoxide and methane are also formed as by-products. Vinegar aldehyde and ethyl
acetate are formed only at low temperatures.

RESULTS AND DISCUSSION

The activity of binary Ni-Ce oxide catalyst with different composition in the
vapor conversion reaction of ethanol is shown below. The results of the conversion
reaction of ethanol in the presence of water vapor on the catalyst Ni-Ce = 1-9 are shown
below. Vapor conversion of ethanol begins at 200°C. A small amount (6.0%) of
acetaldehyde is obtained at this temperature. As can be seen from the (fig.2), subsequent
increase in temperature leads to the formation of other reaction products. The figure also
shows that the conversion of ethanol increases sharply with increasing temperature and
reaches almost 90% at 500 °C, and the subsequent increase in temperature does not
affect the conversion of ethanol.

100
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» —o—H?2
= 60 o CO
=
= >0 CH4
40
O CH3CHO

—e—Ethyl acetate

—8—Conversion

15

Temperature, °c

Fig.2. Influence of temperatures on the products of the reaction of steam
conversion of ethanol in hydrogen on the catalyst Ni-Ce = 1-9.

As can be seen from the(fig.3),a yield of hydrogen at a maximum temperature of
600 %C reaches 76.5%, and the reaction products above 500°C contain only hydrogen,
methane and carbon monoxide.

According to the results, binary nickel-serum oxide catalysts have a high activity
in the vapor phase conversion of ethanol to hydrogen.

The activity of Ni-Ce-O oxide catalysts in the vapor conversion reaction of
ethanol must, of course, be affected by the atomic ratio of nickel and cerium. As can be
seen from the figure below, as the amount of nickel oxide in the catalyst increases, the
hydrogen yield gradually exceeds the maximum of 82.3% in the Ni-Ce = 5-5 catalyst.
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The figure 3 also shows that as the amount of nickel oxide in the catalyst
increases, the methane output exceeds the minimum in the Ni-Ce = 5-5 catalyst, while
the carbon monoxide yield increases and reaches 31% in the Ni-Ce = 9-1 sample. In
nickel-rich catalysts, the conversion of ethanol reaches 100%. Acetaldehyde and ethyl
acetate are practically not obtained.

100

S .\;\;/"/.\'M

‘é 60 ——H2

= 40 o ®—CO

O 2| _og0ea®® CHa
’ 0 2 4 ‘ 6 8 10 KONV

The ration of atoms Ce/Ni

Fig. 3. Addiction of the product yields from reaction of steam conversion
of ethanol to hydrogen on the atomic ratio of nickel to cerium.

The crystallinity of the sample can somehow affect its activity in the reaction of
steam conversion of ethanol to hydrogen. Figure 4 shows the dependences of the yields
of products of steam conversion of ethanol on the degree of crystallinity of nickel-
cerium oxide catalysts. As can be seen from (fig.4), with an increase in the degree of
crystallinity of the sample, the hydrogen yield passes through a maximum, while the
methane yield passes through a minimum, and the carbon monoxide yield decreases.
Based on the data obtained, we can say that a catalyst with a certain degree of
crystallinity is required for a high hydrogen yield.

100 = - a

90 D B

80
70 = <
60 | ¥ > ®Co
50
40 ® CH4

30 H2
20 e ’ ,
10 onversilya

0 L = =

20 40 60 80

Output, %

Cristallinity, %

Fig. 4. Addiction of the product yields of the reaction of steam conversion from
ethanol to hydrogen on the degree of crystallinity of the Ni-Ce-O catalyst

CONCLUSION
1.Binary Ni-Ce-O oxide catalysts have been synthesized and it has been determined that

ethanol exhibits high activity in the vapor conversion reaction to hydrogen. It is
shown that the yield of hydrogen reaches 85%.
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2.X-ray phase analysis of the binary Ni-Ce-O system revealed that all samples
contained only the phases of the first two oxides, ie NiO and CeO..

3.The yield of hydrogen in the reaction of steam conversion of ethanol with an increase
in the degree of crystallinity of the trial permits through a maximum.
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NCCIEJOBAHUME PEAKIIUM ITIOJIYYEHHUSA BOJAOPOJA U3 OTAHOJIA
HA OCHOBE BUHAPHbIX HUKEJIb-IIEPUEBBIX OKCH/IHBIX
KATAJIM3ATOPAX

Jl. B. Axmeoosa_, B. JI. Bazues
Aszepbaiioscanckui I ocyoapcmeennviii Ynusepcumem Heghmu u [Ipomvruunennocmu

daxmedzade@bk.ru

B npedcmasnennoii pabome ucciedosana peakyus naposou KOHEEPCUU SMAHoNd 8 6000PO0 HA
OUHAPHBIX HUKENb-YEPUEBbIX KAMAIUZAMOPAX pasiudHo2o cmpoenus. Haiideno, umo 6v1x00
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NDNEU

6000poda npu makcumanvrou memnepamype 600 ° C oocmueaem 76,5%, a npodykmsi peakyuu
eoiue 500 ° C codepocam monbko 6000p00, Meman U MOHOOKCUO Yerepood. buiio
VCMAHOBIEHO, YMO AMOMHOE OMHOULCHUE HUKES K Yepuro lusiem Ha aKmueHOCb OKCUOHBIX
xamanuzamopos Ni-Ce-O 6 peakyuu naposoco pugopmunea smanona. Taxum obpazom, no
Mepe  YEenUUeHUs KOAUHeCmed OKCUOd HUKels 6 KAMmAaiuzamope 6blxo0 6000pood 6
xamanuzamope Ni-Ce = 5-5 nocmenenno ysenuuusaemcs u docmueaem c60e20 MAKCUMYMA
pasnoco 82,3%. Ha ocuosanuu penmeenodazo6020 aunaiuza OblIO YCMAHOBNEHO, YO 6
kamanumuueckoui cucmeme Ni-Ce-O obpazyromes 0ge ¢aszvi: NiO u CeOr, u ux coomuouieHus.
MEHSIOMCSL CO2NIACHO 3AKOHOMEPHOCTIU.

Cpasnusaiomcsi 8bIx00bl NPOOYKMOE PeAKyuul U CMeneHb KPUCMALIUYHOCIU KAMAIU3amopos.
bvino onpedeneno, umo ¢ yseauuenuem cmeneHu KpUCMaiiuzayuu 8b1xo0 8000p00a Npoxooum
yepes MaKCumMym, d 6biX00 MEemAand NpPoXooum 4epes MUHUMYM, d MAKice 8blX00 MOHOOKCUOA
yenepooa yMeHbuLaemcs.

Knrouesvle  cnosa:  Ounapnvle  Kamaauzamopwvl,  6000p00,  OUOIMAHON, — MEMaH,
KPUCTALIUYHOCMb, NAPOBASi KOHEEPCUSl, AKMUBHOCb, OKCUO Veaepood.

BINAR NiKEL-SERiUM OKSID KATALIZATORLARININ ISTIRAKI iLO
ETANOLDAN HIiDROGENIN 9LDO OLUNMA REAKSiIYASININ
TOCRUBI ARASDIRILMASI

D. V. ©Ohmadova, V. L. Bagiyev

Azarbaycan Déviat Neft va Soanaye Universiteti
daxmedzade@bk.ru

Togdim olunan igds, etanolun hidrogena buxar cevrilmasinin mixtalif’ quruluslu binar nikel-
serium katalizatorlart iizorindo  reaksiyast arasdirilmisdr. Maksimum 600 ° C temperaturda
hidrogen ¢iximimin % 76,5-2 ¢atmast va 500 ° C-don yuxari reaksiya mahsullarinda yalniz
hidrogen, metan va karbon monoksid oldugu garara alindi. MUayyon edilmisdir ki nikelin
seriuma atom nisbati Ni-Ce-O katalitik sisteminin etanolun hidrogena buxar konversiyasi
reaksiyasinda aktivliyina tasir edir. Belaolikla, Ni-Ce = 5-5 katalizatorundar hidrogenin ¢uximi
todricon maksimuma 82,3% canir. Rentgen faza analizina asasan Ni-Ce-O katalitik sisteminda
iki fazamin yani NiO va CeO2-nin amala galmasi askar edilmisdir:. Reaksiya mahsullarinin
cixtmi va katalizatorlarin kristallig daracasi miqayise olunmusdur. Kristallasma daracasinin
artmast ilo hidrogen ¢iximinin maksimumdan, metanin ¢iximnin minimumdan kegir Vo karbon
monoksidin ¢iximi 152 azalw.

Acar sozlar: binar katalizatorlar, hidrogen, bioetanol, metan, kristallasma daraCasi, buxar
cevrilmoasi, aktivlik, karbon monoksidi.
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RESEARCH OF REGULARITIES OF THE PROCESS OF CATALYTIC GAS-
PHASE OXIDATION OF METHANOL TO FORMIC ACID

G.S.Aliyev?, U.A. Abasova?, Kh.M.Rustamlit
institute of Catalysis and Inorganic Chemistry named after acad. M.Naghiyev of ANAS
?Azerbaijan State Oil and Industry University
chemproblem@mail.ru

The article presents the results of a study of some regularities of the process of catalytic
oxidation in the gas phase of methanol to formic acid. To do this, first, experiments were
carried out on a unique laboratory setup at the nodal values of the initial parameters, and then
a multiple regression equation for the process was created, the coefficients of the equation were
calculated and their significance was determined. The adequacy of the equation was checked
and a more sensitive parameter was identified. Using Fisher's criterion, the statistical
significance of the equation was proved. Statistical analysis of the obtained regression equation
was carried out: checking the significance of the equation and its coefficients, studying the
absolute and relative errors of approximation. Paired correlation indicators of the equation
coefficients are also calculated. Based on the maximum correlation coefficient, it was
concluded that changes in the temperature of the reaction medium have the greatest effect on
the yield of formic acid. It was also found that the parameters of the model are statistically
significant.

Keywords: methanol, formic acid, catalytic oxidation, regression equation, pair correlation.

INTRODUCTION

An analysis of the patent and technical literature containing information about the
named process indicates the absence of an efficient and cost-effective industrial process
technology. Currently, there are two main methods of industrial production of formic
acid: hydrolysis of methyl formate and hydrolysis of formamide. The disadvantage of
these liquid-phase processes is the multistage nature, capital and energy costs, the
formation of a number of by-products, pollution of the atmosphere and wastewater.
However, all these methods are associated with very significant costs and consumption
of valuable raw materials. The world demand for the production of formic acid is
increasing every year. In this regard, the efforts of researchers working in this area are
aimed at the development of effective highly active catalysts, the conjugation of
technological stages, the creation of a cost-effective technology for the production of
formic acid [1-6]. For a number of years, the Institute of Catalysis and Inorganic
Chemistry has been carrying out original work on the study of gas-phase processes of
oxidation of aliphatic alcohols on modified natural zeolites. The distinctive features of
the processes under study are high yields of target products with high selectivity, as well
as the simplicity of their technological design, which create good prospects for the
widespread introduction of these processes into industry. Automation and optimal
organization of experimental research with the use of PC contribute to the acceleration
of the time and reduction in the development of new chemical-technological processes.

EXPERIMENTAL PART

As a result of systematic laboratory studies, an effective Pd*? was developed
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containing a modified zeolite catalyst, with the use of which experiments on the
production of formic acid by gas-phase oxidation of methanol were carried out. This
process is characterized by high yields of the target product with high selectivity, as
well as simplicity of technological design, which creates a good prospect for its
introduction into industry.

The experiments were carried out on a unique setup consisting of two parts:
catalytic and analytical. The catalytic unit consisted of a U-shaped reactor with a fixed
catalyst bed, with a volume of 6 cm®. The reactor was placed in an air electric furnace,
the heating of which was measured with a thermocouple and recorded using an
electronic controller KVP-1-503. Vapors of raw materials entered one of the legs of the
reactor to the catalyst bed. In the middle of the catalyst bed, it was measured with a
thermocouple and recorded with a potentiometer. The thermostated cabinet was
equipped with an electric spiral and a fan. A stable temperature in it was maintained
using a contact thermometer connected to the MKU-48 relay, the feed was supplied
using a saturator. The analytical part consisted of an X LKhM-80 MD with a thermal
conductivity detector directly connected to the catalytic unit. The analysis of the
reaction mixture is carried out every 30 minutes. Direct coupling of the catalytic unit to
the analytical part increased the accuracy and facilitated the analysis by eliminating
possible losses during the collection of reaction products.

Below are the experimental data carried out on a laboratory-scale plant. The fol-
lowing technological parameters were taken as controllable parameters, the values of
which vary in the specified intervals 85<T125°C, 850<V<3250h7, 0,13< P,, <0,6 atm,

0,09<P,, ,,<0,43atm, where T — temperature, V - volume speed, P, ., - partial
pressure of methanol, P, partial pressure of oxygen.

The experimental results are shown in table 1.
Table 1
Experimental results carried out on a laboratory-scale plant

Ne | T,°C | Pyonsatm| P, atm | V,h* Y, Formic acid yield, mg/g
1 2 3 4 5 6
1 70 0.07 0.1 850 23,5
2 70 0.07 0.1 3250 20
3 70 0.07 0.7 850 23,8
4 70 0.07 0.7 3250 19,3
5 70 0.47 0.1 850 24,5
6 70 0.47 0.1 3250 20
7 70 0.47 0.7 850 28
8 70 0.47 0.7 3250 23
9 130 0.07 0.1 850 29,5
10 130 0.07 0.1 3250 23
11 130 0.07 0.7 850 315
12 130 0.07 0.7 3250 26,8
13 130 0.47 0.1 850 32,6
14 130 0.47 0.1 3250 26,3
15 130 0.47 0.7 850 36
16 130 0.47 0.7 3250 30,5
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RESULTS AND DISCUSSION

Using the well-known technique [7], we made regression equations for this
process. The multiple regression equation is presented as:
Y = f(B, X)+¢&, where X = X(X,, X,,..., X,) - vector of independent variables; 3

- vector of parameters (to be determined); € - deviation; Y - dependent variable. The
theoretical linear multiple regression equation is:
Y =6,+LX + X, +...+ L, X, +&, Po- an intercept that determines the value

of Y, in the case when all explanatory variables X; are equal to 0.

The empirical equation of multiple regression of the process of catalytic gas-phase
oxidation of methanol can be represented as:

Y =b, +b X, +b,X, +...4+b, X, +e,

where bg, bs, ..., bm - theoretical estimates Bo, B1, B2, ..., Pm regression coefficients
(empirical coefficients of the regression equation); e - deviation estimate .

To estimate the parameters of the multiple regression equation, the method of
least squares (OLS) was used. According to this method, the vector s is obtained from
the expression:

s= (XTX)'XTY
The resulting regression equation has the form:
Y =15.5893+0.1127 X, + 7.3438X, + 4.0625X ; —0.00211X,

Next, we carried out a statistical analysis of the obtained regression equation:
checking the significance of the equation and its coefficients, studying the absolute and
relative errors of approximation.

For an unbiased estimate of variance, the following calculations were performed:

Table 2
Calculation results for the unbiased variance estimate
Y Y (x) e=Y =Y (x) g2 (Y —Ycp)? le: Y]
23.5 22.606 0.894 0.799 6.989 0.038
20 17.544 2.456 6.033 37.746 0.123
23.8 25.044 -1.244 1.547 5.493 0.0523
19.3 19.981 -0.681 0.464 46.837 0.0353
24.5 25.544 -1.044 1.089 2.702 0.0426
20 20.481 -0.481 0.232 37.746 0.0241
28 27.981 0.0187 0.000352 3.446 0.00067
23 22.919 0.0812 0.0066 9.883 0.00353
29.5 29.369 0.131 0.0172 11.264 0.00445
23 24.306 -1.306 1.706 9.883 0.0568
315 31.806 -0.306 0.0938 28.689 0.00972
26.8 26.744 0.0562 0.00316 0.431 0.0021
32.6 32.306 0.294 0.0863 41.683 0.00901
26.3 27.244 -0.944 0.891 0.0244 0.0359
36 34.744 1.256 1.578 97.146 0.0349
30.5 29.681 0.819 0.67 18.977 0.0268
Y=15.217 | >=358.939 >'=0.499

Where € =Y - Y(X) = Y - X*s unbiased error or absolute error of approximation. The
mean approximation error is

28
WWW.ajcnews.org



The multiple correlation coefficient is:

R =1/1—&f24 =0.9786.

This means that the relationship between trait Y (formic acid yield) and X; factors
is strong.

We also checked the significance of the parameters of the multiple regression
equation. The statistical significance of the regression coefficients bo, b1, b2, bs, bs is
confirmed.

The statistical significance of the equation was tested using the coefficient of
determination and Fisher's test. It was also found that the parameters of the model are
statistically significant.

x100% = 3.12%.

AT
Y s(s(y)

_ 2715.813-100x26.144

r =0.714,r, =031 r,, =0.257, r,, =-0.534.
" 30x4.736 " 7 e

r.. =0, Fex =0,r, =0r,=0r,=0r, =0

172 3 14 213 274 344

Fisher's F-test was used to assess the significance of the regression equation.

From the Fisher-Snedokkor distribution table, the critical value of the F-criterion
(Fer) was found at a significance level = 0.05 and two numbers of degrees of freedom k1
= mand k2 = n-m-1. Fisher's criterion was calculated by the formula

2
S
R2=1- € _2:1—:1%2:;;:0.9576.
Z0;-Y) '

RZ n-m-1_ 09576 16-4-1
1— RZ m 1-0.9576 4
Table value for degrees of freedom ki =4 and ko =n-m-1=16-4-1=11, Fe (4;
11) = 3.36. Since the actual value is F > Fc, the coefficient of determination is
statistically significant and the regression equation is statistically reliable (i.e., the
coefficients b; are jointly significant).

F= =62.118

CONCLUSION

As a result of calculations, a multiple regression equation was obtained for the
process of catalytic gas-phase oxidation of methanol to formic acid. Statistical analysis
of the obtained regression equation was carried out: checking the significance of the
equation and its coefficients, studying the absolute and relative errors of approximation.
According to the maximum coefficient 7,, =0.714, we conclude that changes in the
temperature of the reaction medium have the greatest effect on the yield of formic acid.
The statistical significance of the equation was tested using the coefficient of
determination and Fisher's test. It was also found that the parameters of the model are
statistically significant.
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UCCJIEJJOBAHMS 3AKOHOMEPHOCTEM ITPOIIECCA
KATAJIMTHYECKOI'O IT'A3BO®A3HOI'O OKUCJIEHUSA METAHOJIA B
MYPABBHUHYIO KUCJIOTY

I .C.Anues', V.A.Abacosd?, X]M.Pycmcmmu1
Ynemumym Kamanuza u Heopeanuueckoii xumuu um.axao. M.Haeuesa HAHA
2 A3epbationcancras Tocyoapemesennas Hegpmanas Axademus
chemproblem@mail.ru

B cmamve npugedenvl pezynbmamvl uccie008aHusi HEKOMOPHIX 3AKOHOMEPHOCMeEl Npoyecca
Kamanumuiecko2o OKUCIEHUsL 8 23080l (haze MEMAHONA 8 MYPASbUNYIO Kuciomy. Jis amoeo
cHauana Ovbliu NPOBeOeHbl IKCNEPUMEHMbL NPU Y3IL0BbIX 3HAYEHUSX UCXOOHBIX NApamempos, a
3amem ObLIO CO30aAHO MHOICECMBEHHOE PeSPeCCUOHHOE YPAGHeHUe 0/ NPOYeccd, pAcCUumanbl
Koa(puyuenmol  ypasnenusi u onpeoeiena ux 3sHavumocms. IIpogsepena adexsamnocmo
ypasHenus u udeHmuguyupogar Oonee yygcmeumenvrvitl napamemp. C UCHONb308AHUEM
kpumepus Puwepa bviia O0KA3AHA CMAMUCMUYECKAS 3HaYuUMocms ypasnenus. ITlposedenni
CMAMUCMUYEeCKUIlL  aHAAU3 NOJNYYEHHO20 YPAGHEHUS pe2peccull. Npoeepke  3HAYUMOCHU
VPAasHeHUus U e20 KO3pDuyueHmos, uUccie008aHur0 aOCOIIOMHbIX U OMHOCUMETbHBIX OUWUOOK
annpokcumayuu. Takoice 6vIMUCICHbI NAPHBIE NOKA3QMeNU KOppeusyuu Kodp@uyuenmos
ypasnenus. [lo maxcumanvromy xod3¢uyuenmy Kopperayuu coeian 8bloo, Umo Hauboaviuee
BAUSIHUE HA 8bIXOO MYPABLUHOU KUCIOMbL OKA3bIEAE U3MEHEHUE MEeMNEPAMypbl PeaKyyUOHHbLIL
cpeobl. YcmaHnosneno maxoice, 4mo napamempbi MOOeiu CIMAMUCMUYeCKU SHAYUMbL.
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NDNEV

Krrwuegvie cnosa: memanon, mypasvunas Kucioma, Kamaiumuyeckoe OKUCIeHue, ypasHeHue
pezpeccuul, NapHas KOpperayusl.

METANOLUN QARISQA TURSUSUNA QAZ FAZADA KATALITIK
OKSIDLOSMOSININ QANUNAUYGUNLUQLARININ TODQIQi

Q.S.'0liyev, U.0. %Abasova , X.M. ! Ristomli !
LAMEA Akademik Murtuza Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
2 Azarbaycan Déviat Neft va Sanaye Universiteti
chemproblem@mail.ru

Moaqalada metanolun qaz fazada qarisqa tursusuna katalitik oksidlogmasi  prosesinin bazi
qanunauygunluglarmin dyranilmasindan bahs edilir. Bu magsadlo avvalca ilkin parametrlarin
diyun négtalarinda tocribalor aparilmig, sonra iso prosesin ¢oxparametrli reqressiya tonliyi
qurulub, tonliyinin amsallart hesablamb va onlarin ahamiyyatlilik daracasi tayin edilib.
Reqressiya tonliyinin adekvatligi yoxlanilib, daha hassas parametr miayyanlasdirilib. Tonliyin
parametrlarinin korrelyasiya masalolori arasdirilib, Fiser meyarindan istifads edilarak tonliyin
statistik ahamiyyatliliyi slbut olunub. Hamgcinin tonliyin amsallarmin ciit-cit korrelyasiya
doracalori hesablanmib. Korrelyasiya amsallarimin maksimal giymatine gora bela bir naticaya
golmak olar ki, garisqa tursusunun ¢iximina an boylk tasiri reaksiya mihitinin temperaturu
gostarir. Model parametrlarinin statistik cahatdan ahamiyyatli oldugu da miiayyan edilib.

Acar sozlor. metanol, garisqa tursusu, katalitik oksidlasma, ¢coxparametrli reqressiya tanliyi,
korrelyasiya.
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UDC: 543.1:541.3:547.442
SPECTROPHOTOMETRIC METHOD FOR STUDYING THE COMPLEX
FORMATION OF COPPER (II) WITH BIS [3- (CHLOROPHENYLAZO-
PENTADIENE-2,4) ETHYLENEDIIMINE] IN THE PRESENCE OF
ANTIPYRINE AND 4-AMINOANTYPYRINE

F.O.Mamedova
Ganja State University
ciragov@mail.ru

The complex formation of copper (1) with bis [3- (chlorophenylazo-pentadiene-2,4)
ethylenediimine] in the presence of antipyrine and 4-aminoantipyrine was studied by
spectrophotometric method. It was found that in binary compounds (Cu (1) -R) the yield of the
complex is maximum at pH = 4, the optimal wavelength is 437 nm. In the presence of antipyrine
(Ant) and 4-aminoantipyrine (4-Ant), three-component compounds Cu-R-Ant and Cu-R-4-Ant
are formed. In these complexes, the optimal conditions for complex formation are pHop = 3.2,
Aopt = 444 nm; pHope = 3.08; Amax = 447 nm. The ratio of the reacting components in the binary
complex is 1: 1, in the mixed-ligand 1: 1: 1. The influence of foreign ions and masking
substances on the determination of Cu (I) has been studied.

Keywords: Copper(ll), spectrophotometric method, bis-[3- (chlorophenylazo-pentadiene-2,4)
ethylenediimine, antipyrine, 4-aminoantipyrine.

INTRODUCTION

It is known that copper and its alloys are widely used for the production of wire,
copper pipes, jewelry, glass dyes, etc. [1, 2]. Large amounts of copper are very harmful
to the body. Copper poisoning leads to severe consequences - anemia, liver disease.
Lack of copper in the body is observed with hair loss, changes in skin color [3-5].

The prevalence of copper in various fields of science and technology, in nature, in living
organisms, put forward the need for strict control of the copper content in objects.

It is known in the literature that azo-sulfur-containing reagents are usually used
for the photometric determination of copper with organic reagents [6]. Among such
reagents, carbazones, thiosemicarbazones, diaminopyridine derivatives, p-diketones.
Azocompound ketones are often used, which form the most stable chelates [7-14]. It
should also be noted that recently, to improve the parameters of analytical reactions in
spectrophotometric analysis, mixed-ligand complexes have been used [15].

Therefore, the study of the complexation of Cu (11) with bis [3- (chlorophenylazo-
pentadiene-2,4) ethylenediimine] in the presence of antipyrine and 4-aminoantipyrine is
considered highly relevant.

EXPERIMENTAL PART

Reagents, solutions and equipment. The reagent bis [3- (chlorophenylazo-
pentadiene-2,4) ethylenediimine] was synthesized earlier according to the method [16].
A stock solution of 1 - 10 M copper was prepared by dissolving an accurate weighed
sample of copper of analytical grade in concentrated hydrochloric acid when heated
[17]. Working solutions with a lower copper content were prepared by diluting the
initial solution with distilled water. We used 1 - 10° M solutions of the reagent and 1 -
102 M of antipyrine and 4-aminoantipyrine. All reagents are highly soluble in ethanol.

The absorbances of the solutions was measured on a Lambda-40
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spectrophotometer (PerkinElmer) and a KFK-2 photocolorimeter in a cuvette with a
layer thickness of 1 cm. The pH of the solution was monitored using a pHS-25 ionomer
calibrated with standard buffer solutions.

RESULTS AND DISCUSSION

We have previously found that the reagent used forms a colored complex
compound. The maximum Yyield of the complex is observed at pH=4, the optimal
wavelength is 437 nm. Under these conditions, the reagent has a maximum light
absorption at 341 nm. When antipyrine and 4-aminoantipyrine interact, three-
component compounds Cu-R-Ant and Cu-R-4-Ant are formed. The maximum light
absorption of mixed-ligand complexes of Cu (I1) is shifted bathochromically relative to
the absorption maximum of the binary complex Amax=452 and 464 nm, respectively. The
optimal pH of complgxatipn shifts to the acicgic region: 3.5 and 3.0, respectively (fig. 1).

A

3

: , PH
Fig. 1. Dependence of the optical density of solutions of copper (1) complexes
on pH 1.Cu (I) -R, 2.Cu (Il) -R-amine, 3.Cu (l1) -R-4-aminoantipyrine

The effect of the concentration of antipyrine and 4-aminoantipyrine on
complexation was studied. The maximum yield of Cu-R complexes at optimal pH is
8:10° M R, Cu-R-Ant 8:10° M R and 7.2:10° M Ant; Cu-R-4-Ant 8:10° M R and 6-10°
> M 4-Ant, respectively.

Homogeneous and mixed ligand complexes are formed after mixing solutions. So
if the binary complex is stable for 2 hours and when heated to 600 °C, then mixed-
ligands - for more than a day and when heated to 80 °C. By the method of isomolar
series, the relative yield of the Starick-Barbanel and the shift of equilibrium, the ratios
of the reactants were established, which are 1: 2, 1: 2: 2 [18]. The Astakhov's method
was used to determine the number of protons displaced during complexation (equal to
2). Given these data, the following complexation scheme can be written:

Cu+2H3R—Cu(H2R)2+2H"
Cu(H2R)2+2Ant — Cu(H2R)2(Ant)2

The molar coefficients of light absorption at Aoy Of the complexes Cu-R, Cu-R-
Ant, Cu-R-4-Ant are 4380, 4860 and 5570, respectively. The copper complex obeys
Beer's law in the range 2.0-2.8 mg/ml, 1.8 -2.56 mg/ml (Cu-R-AntCu-R-4-Ant).

The effect of foreign ions and masking substances on the complexation of Cu (1)
has been studied. As can be seen from these data, the selectivity of the determination of
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Cu (I1) in the presence of hydrophobic amines is significant. Therefore, the developed
method for the photometric determination of copper (I1) in the form of a mixed-ligand
complex of Cu-R-4-Ant can be used to determine its in complex objects.

Construction of a calibration graph. 1.8-2.56 mg/ml Cu (I1) was injected into a
25 ml volumetric flask, 2.0 ml of 1-10° M solution was added to the reagents, 1.3 ml of
1-10° M solution of 4-aminoantipyrine was brought to labels with buffer solution pH =
3. The absorbances of the solution was measured on a KFK-2 instrument at 440 nm in a
cuvette with a layer thickness of 1 cm, relative to a blank solution (R-4-Ant) prepared
under similar conditions. Based on the data obtained, a calibration graph was
constructed and the standard deviation and the confidence interval of the determined
concentrations were calculated for each point. The average standard deviation does not
exceed 0.04.

A graph of the dependence of the light absorption of Cu (II) complexes on the
background of the control experiment on pH was plotted (fig. 2).

A

0,2

01

0 .
300 110 13 490 519 MM

Fig. 2 Absorption spectra of a solution of the reagent and its complexes with
copper (I1) in the presence and absence of amine 4-aminoantipyrine at
the optimum pH of the corresponding systems: 1.Cu (II) -R, 2.Cu (II) -
R-amine, 3.Cu (Il) -R-4-aminoantipyrine

Determination of copper (Il) in the composition of the Akstafa river of
Gazakh region. Photometric determination of the concentration of the investigated
metal in the sample was used in the practice of chemical analysis of "Method of
additions". This method allows you to create the same conditions for the photometry of
the test and standard (with an addition) colored solutions, therefore it is advisable to use
it for the determination of small amounts of various elements in the presence of large
amounts of foreign substances in the analysis of saline solutions.Based on the studies
carried out to optimize the conditions for the direct photometric determination of copper
(1) in real objects and to obtain an optimal estimate of the selectivity of their
determination in individual and complex mixtures, an express photometric method for
analyzing natural waters to determine the content of the metals under study was
developed. The water samples selected for the study were systems of complex
composition, containing, in addition to mineral macrocomponents, also various cations
of heavy and toxic metals. Sampling for the determination of copper (1) R-4-Ant by the
method in glassware of various brands.

Method for the determination of copper in river water. A 1.0 L sample taken
from the Akstafa River was placed in a heat-resistant glass with a capacity of 2 L, 10-12
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ml of a 1.0 N nitric acid solution was added, heated in a sand bath, and evaporated until
wet salts were formed. The precipitate was dissolved in 10.0 ml of distilled water,
quantitatively filtered in a beaker with a capacity of 50.0 ml. The solution was
transferred into a 25.0 ml flask, standard solutions of copper (II), 2 ml of 1-10° M R and
1.3 ml of 1-10° M 4-aminoantipyrine were added (0.5-2.5 mg) and up to the mark with
a buffer solution of pH 3.0. In order to improve the selectivity of the method, the
following masking agents were added: 8.0 ml of F~ and 2.0 ml of OH" to bind ions of
manganese, iron, zinc, aluminum, arsenic. The absorbance was measured on KFK-2, | =
1 sm, A=440 nm relative to the R-4-Antpo solution. Based on the data obtained, the
concentration of copper (1) was established - 0.003 mg/ml. The accuracy of the analysis
results has been proven by the atomic absorption method.

CONCLUSION

Complex compound of Cu(ll) with organic reagent synthesized on the basis of
acetylacetone has been investigated by spectrophotometric method and method of
determimation of Cu(ll) ions developed. This method was used for determination of
copper (I1) ions in the river waters.
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CINIEKTPO®OTOMETPUYECKHNI METO/ N3YUEHUA
KOMIIVIEKCOOBPA30OBAHUSA MEJU(11)C BUC[3-(XJIOP®EHUJIA30-
INHEHTAJIUEH-2,4)9TUWIEHAUUMHUHOM] B IPUCYTCTBUH
AHTUIIMPUHA U 4-AMMHOAHTHUIIMPUHA

@.0.Mameoosa
Ianoorcuncxuil I'ocyoapemeennwiii Yuusepcumem
ciragov@mail.ru

Cnexmpogomomempuueckum memooom usyuyeHo Komniekcoodopazosarnue meou(ll) ¢ ouc/3-
(xnopghenunazo-nenmaouen-2,4)35muieHOUUMUHOM] 8 NpUCYMCMEUU AHMUNUpuHa u 4-
amunoawmunupunda. Yemarnoeneno, umo 6 6unapuvix coeounenusx (Cu(ll)-R) evixoo xomnnexca
maxcumanen npu pH=4, onmumanvnas onuna eonusl cocmagniem 437 um. B npucymcmeuu
aumunupuna (AN u  4-amunoanmunupuna (4-Ant) obpasyromca mpexKoMnoHeHmHble
coeounenusi CU-R-Ant u Cu-R-4-Ant . B Oawmubix KOMHIEKCAX ONMUMAIbHblE YCIOBUS
Komnnecoobpazosarusi pHopm=3,2, losm=444 um; pHonm=3,08; Auax=447 Hm. CoomuoweHue
peazupyrouux KOMNOHEeHmMOo8 & OuHaprom xomniexce 1:1, 6 pasnoaueanonom 1:1:1. H3zyuyeno
GIUSIHUE NOCMOPOHHUX UOHO8 U MacKupylowux sewjecme Ha onpedenenueCu(ll).

Kntouesvrie cnosa: meow(ll), cnexkmpogomomempuyeckuii memoo, oucf3-(xnoppenunaso-
neHmaouen-2,4)3smuneHOUUMUt], aHmMunupun, 4-amMuHOAGHMURUPUH.

MiS(II)-nin BIS [3- (XLORFENILAZO PENTADIYEN-2,4)
ETILENDIIMINLO]JANTIPIRIN VO 4-AMINOANTIPIRIN ISTIRAKINDA
KOMPLEKSOMOLOGOLMOSININ SPEKTROFOTOMETRIK METODLA
OYRONILMOSI

F.O.Mammaodova
Ganca Dovlat Universiteti
ciragov@mail.ru

Antipirin  va 4-aminoantipirin istirakinda misin(ll)  bis [3-(xlorfenilazo-pentadiyen-2,4)
etilendiimin] ilo amala gatirdiyi kompleks birlagmasi spektrofotometrik olaraq tadgiq edilmisdir.
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Binar birlagmalarda (Cu(ll) -R) kompleksin ¢iximimn pH = 4-do maksimum oldugu, optimal
dalga uzunlugunun 437 nm oldugu askar edildi. Antipirin (Ant) va 4-aminoantipirin (4-Ant)
istirak: il U¢ komponentli Cu-R-Ant va Cu-R-4-Ant birlagmoalori amoala galir. Bu komplekslarda
kompleks amala golmanin optimal saraitlori pHept = 3.2, Jopt = 444 nm; pHopt = 3.08, Amax = 447
nm. Binar kompleksdaoki reaksiyaya daxil olan komponentlorin nisbati 1:1, qarisig ligandda
1:1:1. Konar ionlarin va pardalayici maddalarin Cu(ll) tayinina tasiri 6yronilmisdir.

Acar sozlar: mis(ll), spektrofotometrik metod, bis [3- (xlorfenilazo pentadiyen-2,4)
etilendiimin], antipirin, 4-aminoantipirin.
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INVESTIGATION OF THE GAS MIXTURE ADSORPTION PROCESS IN A
FIXED LAYER OF THE NaX ADSORBENT
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The paper describes a 4-adsorbent installation for cleaning gas mixtures from H,S, CO;
and NO, with zeolite. The lower and upper limits of the condensate level in the
separator were controlled by electric contact pressure gauges, and the pressure was
recorded on the operator panel. The number of adsorbers is 4, the height of the fixed
zeolite layer is 3.6 m. Long-term operation of the adsorption unit under real operating
conditions has shown that the temperature of zeolite regeneration largely depends on
the quality of the gas entering the adsorption unit. As can be seen, the desorption of
carbon dioxide is completed at the beginning, then hydrogen sulfide, and at the end -
moisture vapor, and the time for complete desorption of all adsorbed components is
limited by internal diffusion inhibition of the sorbed components. The greatest
desorption time, as expected, is due to moisture vapors. It has been experimentally
established that when heated with hot gas at the maximum permissible speed, the time
for complete desorption of moisture is 150-160 minutes. For practical calculations, the
time required for complete dehydration of the zeolite is taken at least 3 hours, which is
confirmed experimentally.

Keywords: adsorption, synthetic zeolite NaX, fixed adsorbent layer, gas mixture,
desorbed substances.

INTRODUCTION

In an experimental study, the curves of the adsorption isotherm of CO,, H,S and
NO, from gas mixtures were studied. The adsorption isotherms are determined in NaxX
zeolite. The results of studies of the adsorption capacity of various adsorbents for CO,,
H,S and NO, from gas mixtures under identical conditions are obtained. The
predominant use of NaX zeolite for sorption separation of CO,, H,S and NO, was
revealed. The calculation of industrial adsorbers and their number have important
practical values. Therefore, the dynamic activity of synthetic zeolite NaX and the rate
of gas desorption are calculated from experimental data. Also, the regeneration of
zeolite should correspond to experimental data.

When studying the effect of the concentration of H,S and CO; on their adsorption
by zeolite, it was found that the component composition of substances adsorbed by
zeolite strongly depends on the amount of H,S/CO, in the gas. With a change in the
concentration of hydrogen sulfide in the crude gas from 0.025 to 0.8% by volume, the
percentage of hydrogen sulfide in the adsorbate increased from 26 to 60%, while the
proportion of adsorbed CO, remained almost unchanged. It was also found that during
the regeneration of zeolite, the concentration of hydrogen sulfide in the raw gas was
equal to 0.05% of its (hydrogen sulfide) percentage in the regeneration gas was in the
range of 0.2-2.5%, then with an increase in the amount of H,S in gas mixtures to 3%,
its concentration in the regeneration gas under identical conditions increases to 15% by
volume.
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EXPERIMENTAL PART

It was found experimentally that at least 3 hours of time is required for complete
desorption of moisture. After establishing the optimal parameters of the processes of
adsorption, desorption and regeneration, long-term experiments were carried out on the
separation of gas mixtures from H,S by an adsorbent in fishing conditions. The results
of the experiments are presented in table 1.

During the experiments, the grinding of zeolite, the formation and entrainment of
zeolite dust were observed. The gas consumption for regeneration was 4-6% of the total
amount of purified gas. Natural gas with a hydrogen sulfide content of up to 1000
mg/m® was supplied to the input thread block, where a certain gas flow rate was set
with the help of regulating fittings. The gas pressure before the fitting fluctuated in the
intervals of 5.2-7.1 atm., and after 20-25°C.

Table 1
Experimental results obtained in the pilot plant Q=10000nm?®/day [6];
P,4=6,0 MPa, Pes=5,5 MPa, tags=15-20°C, ta45=325-360°C

The amount of H,S in Temperature Pre-sli Dearee of
Zeolites| gas mixtures, mg/m® (dew point), °C d 'P d gre %
Source code | Cleared | Source code] Cleared| 2 sorption | desorption, %
600 2,6 +16 -64 2,2 87,0
NaA 800 3,2 +19 -62 2,5 91,0
1400 3,8 +15 -62 2,9 89,0
600 4,2 +16 -57 3,5 93,0
CaA 800 4,7 +20 -56 3,7 92,0
1400 5,7 +15 -59 4,1 91,0
600 3,5 +16 -53 4,6 95,0
NaX 800 4,0 +19 -51 5,2 94,0
1400 5,4 +17 -50 6,9 95,0

After the block of input threads, the gas entered the horizontal separator C-1,
where it was freed from mechanical impurities and droplet liquid and sent to the zeolite
purification unit [1].

The lower and upper limits of the condensate level in the separator were
controlled by electric contact pressure gauges, and the pressure was recorded on the
operator panel.

The number of adsorbers is 4, the height of the fixed zeolite layer is 3.6 m.

When gas is passed through a fixed layer of the adsorber zeolite, it is
simultaneously dried and purified from hydrogen sulfide. At this time, desorption
occurs in the second adsorbent, and in the third, cooling of the adsorbent and in the
fourth, regeneration of the adsorbent.

The end of the adsorption process was monitored continuously by an automatic
gas analyzer " FGC -16". Thus, the gas separation process was continuous. The valves
were switched manually (this stage will be fully automated in the future). The pressure
in the adsorbers was monitored locally and recorded on the control panel in the operator
room, the temperature at the inlet and outlet of the adsorbers was measured by
resistance thermometers with a record on the control panel in the operator room.

For continuous monitoring of the number of gas mixtures on the commercial gas
line, a device for determining the content of H,S in the gas mixture (the FGC-16 gas

39
ISNN: print 2663-7006; online 2709-2666



analyzer with a scale of 0.3 mg/m®) and a moisture meter of the KIVGDI brand were
installed. A part of the commercial gas of 0.36-2.8 MPa is fed to the adsorber, which is
in the cooling stage, where the gas, cooling the zeolite, is heated to a temperature of
100-150°C and fed to the furnace P-1, from where it enters the adsorber apparatus,
which is in the desorption mode, at a temperature of 370-400°C. Regeneration gases
with desorbate (hydrocarbons, hydrogen sulfide, moisture) are discharged to the torch
and burned. The gas flow during cooling and desorption is directed from the bottom up,
and during adsorption-from the top down.

To heat the regeneration gas, the dehumidified gas is supplied to the furnace (P-
1), reduced by two control valves to a pressure of 0.30 MPa. In cases of an increase
(above 0.6 MPa) or a decrease (below 0.03 MPa) of the pressure, an electromagnetic
shut - off valve is triggered, which stops the gas supply to the injectors, while sound and
light signals are given on the panel in the operator room.

It is possible to periodically measure the flow of gas and condensate for each well.
To do this, the gas from the wells enters the measuring separator C-1, where it is
released from the drip liquid and mechanical impurities and sent through the flow meter
to the purification unit. The condensate is discharged into the E-1 tank by the level
controller. The flow rate and pressure in the separator C-1 are regenerated locally [2].

The treated gas mixture is passed through vinicine filters F-1, F-2 and after
measurement is sent to the main gas pipeline. A drainage tank (V-25 m®) is provided for
the release of the installation devices.

All gas discharges are distributed through pipes of various diameters: regeneration
gases - through a pipe with a diameter of 114 mm, discharges with safety valves - with a
diameter of 89 mm, discharges from the purge of plumes - with a diameter of 152 mm,
as well as gases from "small" technological tanks and condensate weathering gases are
fed to a torch with a diameter of 300 mm, a height of 35 m. Thus, in addition to
emergency discharges, the torch receives an adjustable technological discharge of
regeneration gases. The torch is placed at a distance of 120 m: from the installation, its
performance is designed for maximum discharge from the safety valves.

The absorption capacity of the adsorbent of gas mixtures at the inlet to the
adsorber was studied at the installation.

When the gas temperature was reduced to minus 10°C (with the help of the NTS
installation), the plant's productivity increased almost three times, reaching 800
thousand m® per day.

Regeneration gases are usually supplied from the bottom up, and the purified gas
is supplied in the opposite direction. In this case, the most strongly adsorbed substances
extracted from the gas stream by a stationary zeolite layer are desorbed and removed
from the adsorber without polluting the entire sorption layer. During desorption, the
heat of the regenerating gas introduced into the adsorber is first consumed for
evaporation of the adsorbed components from the zeolite pores. It is experimentally
proved that all adsorbed substances, including moisture, evaporate completely from the
pores at a temperature of 260-275°C within 2 hours. After that, the temperature of the
layer begins to increase and the surface of the adsorbent is cleaned from the most
strongly sorbed polar micro-impurities.

Complete purification of the zeolite surface from polar highly sorbed micro-
impurities occurs at a temperature of 310-320°C in the interval of 2.5-3.5 hours. Heating
the layer to 320°C and holding it at this temperature for 3 hours is necessary in order to
remove from the surface of the adsorbent hard-to-desorb substances that do not
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evaporate at a temperature of 275-300°C.

Long-term operation of the adsorption unit under real operating conditions has
shown that the temperature of zeolite regeneration largely depends on the quality of the
gas entering the adsorption unit. As can be seen, the desorption of carbon dioxide is
completed at the beginning, then hydrogen sulfide, and at the end - moisture vapor, and
the time for complete desorption of all adsorbed components is limited by internal
diffusion inhibition of the sorbed components. The greatest desorption time, as
expected, is due to moisture vapors. It has been experimentally established that when
heated with hot gas at the maximum permissible speed, the time for complete
desorption of moisture is 150-160 minutes. For practical calculations, the time required
for complete dehydration of the zeolite is taken at least 3 hours, which is confirmed
experimentally.

As can be seen, the maximum concentration of H,S in desorption gas mixtures is
reached at a layer temperature of 155-185°C. The degree of desorption of hydrocarbons
adsorbed by zeolite takes an intermediate position between moisture and hydrogen
sulfide, and their complete desorption occurs at a layer temperature of 260-270°C.

The data on metal corrosion obtained in the actual operating conditions of the
installation show the possibility of manufacturing the installation equipment, supply
lines, etc.from 17 GS steel. At the same time, it is necessary to take into account the
temperature factor and the frequency of heating and cooling of the adsorbers, as well as
the pipelines adjacent to them.

It is known that the main obstacle to the wide implementation of the process of
sorption separation of gas components is the difficulty of utilization of zeolite
regeneration gases. As already noted, in the proposed process, regeneration gases after
the desorption cycle are fed to the oxidation unit, where at a temperature of 270-290°C,
direct oxidation of H,S occurs until pure S is obtained on the surface of the solid
catalyst.

Gas regeneration and the process of catalytic oxidation of H,S is exothermic,
which practically does not require heating of the gas entering the catalytic unit.

For the adsorption separation of gas from H,S by adsorbents, two-chamber, three-
chamber, four-chamber, and other gas purification schemes are used in practice. The
most widespread are three-dimensional schemes. Depending on the working conditions,
different conditions of the saturated zeolite layer are used.

The paper describes a 4-adsorber installation for cleaning gas mixtures from H,S
with zeolite. The purified gas passes through each adsorber in turn until the zeolite is
completely saturated. Regeneration of the adsorbent is carried out by feeding sulfur
dioxide into the zeolite layer at a temperature of 315°C.

The paper uses a two-bucket scheme. The adsorption time was 3 hours, of which
1 hour was hot; 2 hours was cold.

During the long-term operation of the zeolite, complete purification of the gas
mixtures from H,S was achieved. At the same time, there was no noticeable decrease in
the adsorption activity of zeolite.

Zeolites NaX, CaX are used to separate those components that have critical
molecular sizes greater than SA.

To ensure the continuity of the process of adsorption of gas mixtures along the
flow of raw materials and the finished product, four adsorbers are provided in the
installation scheme, in each of which one of the stages of the process is carried out for a
certain period of time [3].
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The paper discusses the adsorption purification of gas mixtures from CO,, NO;
and H,S with zeolites NaX, NaA and CaA.

During the experimental study, the curves of the adsorption isotherm of CO,, H,S
and NO; from gas mixtures were studied. The adsorption isotherms are determined in
NAX zeolite. The results of studies of the adsorption capacity of various adsorbents for
CO,, H,S and NO, from gas mixtures under identical conditions are obtained. The
predominant use of NaX zeolite for sorption separation of CO,, H,S and NO, was
revealed. The calculation of industrial adsorbers and their number have important
practical values. Therefore, the dynamic activity of synthetic zeolite NaX and the rate of
gas desorption are calculated from experimental data. Also, the regeneration of zeolite
should correspond to experimental data.

A gas mixture of H,S, CO, and NO, was passed through a fixed layer of zeolite
NaX 1-6 MPa, fed at 20 +~ 40°C to the upper part of the adsorber. The adsorption of H.S,
CO, and NO; occurs on a fixed layer of NaX zeolite. The process is carried out in 4
adsorption devices. The first adsorber operates in the mode of adsorption, the second
desorption, the third regeneration and the fourth cooling. The speed of natural gas is
determined by the hydraulic resistance of the adsorbent layer. The NaX zeolite layer is
gradually saturated with undesirable components H,S, CO, and NO,. After complete
saturation of the zeolite, the adsorber is switched to the regeneration mode directly in
the adsorber and further, respectively.

The calculation of the adsorption units of the process during the purification of
gas mixtures is reduced to determining their amount necessary for the continuous
absorption of undesirable components. In our case, these components are H,S, CO, and
NO,. Usually, at the installation at a pressure of 5-6 MPa and a temperature of 20 —
40°C, approximately 41414 thousand m® of natural gas per month is cleaned from
various gas fields. And 1380 thousand m® of natural gas is purified by the adsorption
method per day.

As a result, the amount of H,S increases at the output of the stationary adsorbent
layer. Also at this time, H,S continues to be absorbed until the moment of the slip. By
increasing the time of the stage of the adsorption process, it is possible to achieve the
desired degree of carbon dioxide extraction, if H,S at a high content in the composition
of gas mixtures is necessary to carry out the adsorption process under isothermal
conditions. It should be noted that from an economic point of view, it is preferable to
carry out desulfurization of gas mixtures if the gas mixture contains CO,: H,S >2.8. The
calculation of industrial adsorbers and their number have important practical values.
Therefore, the dynamic activity of synthetic zeolite NaX and the rate of gas desorption
are calculated from experimental data. Also, the regeneration of zeolite should
correspond to experimental data [4].

RESULTS AND DISCUSSION

Let's determine the number of adsorbers for the adsorption purification of gas
mixtures, determine the daily amount of gas mixture entering the adsorption apparatus
[3, 4]. The monthly amount of gas mixture coming from the deposits is equal to: 41413
644 thousand m°.

41413.644 thous.m® ~ 41414 thous.m*
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41414 thous.mS

30

Synthetic zeolite NaX is used as an absorber. Dynamic activity of zeolite NaX aq
=0.036 kg CO./kg zeolite. Let's calculate the total amount (H,S, CO, and NO;) to be
adsorbed: these components contain 1.6% by weight.

V= 1380 thous.m® - 0,016 = 22080 m®
m = p- V=10,80 kg/m* 22080 m> = 17664 kg

The amount of undesirable components absorbed within 1 hour (for one

adsorption operation) will be:
Mo = M- 11/24=17664-1/24=736 kg

The amount of synthetic zeolite loaded into one industrial adsorbent of a fixed

adsorbent layer:

=1380 thous.m3

m
F=10_ 7 19917 kg
ag 0,036
The number of adsorption stages on the entire adsorption unit per day:

m _17664 _,,,

m, 736
The main operating modes of industrial adsorbers consist of the following stages:
adsorption — t, =1,0 hour, desorption — t, =1,8 hour, regeneration - t, =1.0 hour, 2t =
3,8 hour.
The number of stages of the adsorption process that can be carried out in one
adsorber during the day:

p=22_2% g3
T 38
Required number of adsorbers:
= 3 = ﬁ = 3’8 ~ 4
b 63

Based on the calculation, we obtain the number of adsorbers 4.

We also optimized the process of adsorption of gas mixtures based on the
previously developed model [5]. The calculated and theoretical results for the required
number of adsorbers are in good agreement.

A-l A-2 A-3 A-4

e

= : I
Fig. 1. Block diagram of the process of adsorption post-treatmen{ of gas
mixtures in a fixed adsorbent layer: A-1:A-4 - adsorbers, S-separator,
I- raw materials; I1- inert gas; Ill- commercial gas.
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CONCLUSION

The analysis of various adsorbents for the adsorption of CO,, H,S and NO, from a
gas mixture showed that it is advisable to use NaX zeolite. In computer modeling, the
adsorption isotherms are particularly important, as well as the exact numerical value of
the dynamic activity. The dynamic activity of adsorbents is the main indicator that
determines the size of the adsorbers and the sorption cycle time.

The coefficients of the equations are found based on the "Matlab" system in the
"Optimization Toolbox"environment.

Thus, the proposed method of separation of gas mixtures allows for adsorption
with respect to a three-component H,S/NO,/CO, gas mixture, the initial composition of
which in %volume corresponds to - H,S - 80%, CO, - 15%, NO; - 5%, using NaX as a
zeolite while maintaining a pressure drop in the adsorption layer of 0.173+0.203
kg/cm?. The optimal conditions for the adsorption process of the gas components
contained in the mixture is to conduct the process at a pressure drop in the adsorption
layer a layer of 0.193 kg/cm?, which provides after cleaning the content of H,S - 0.040,
CO; - 0.010, NO,-0.061.

Based on the optimization of the adsorption process, it was found that (for Nax
zeolite) the height of the adsorber is 6.37 m, the diameter of the adsorber is 1.69 m, the
height of the working adsorbent layer is 92 cm, which guarantees the complete
absorption of H,S-0.040, CO,-0.011 and NO,-0.061% at a productivity of 41414
thousand m® per month.
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HCCJEIOBAHUE ITPOIIECCA AICOPBIIMA I'A30BOH CMECH B
HEINNOABUKHOM CJIOE AJICOPBEHTA NaX

A.C. baupamosa
Asepbaiioxcanckui I'ocyoapcmeennwiil Ynusepcumem Heghmu u [pomeruunennocmu
aygun.b74@mail.ru

B pabome onucana 4-x adcopbepnas ycmanoska owucmxu 2azosvix cmeceii om H,S, CO, u NO,
yeonumom. Huoicnue u  eepxmue npedenvl  Ypo8Hsi  KOHOewcama 6 — cenapamope
KOHMPOIUPOBATUCH INEKMPOKOHMAKINMHLIMU MAHOMEMPAMU, d OAGIEHUe PEecUCMPUPOBAIOCH HA
ONepamopHoOM wume.

Yucno adcopbepos - 4, svicoma HenoosusxicHozo cios yeoruma - 3,6 m. [JiumenvHas paboma
A0COPOYUOHHOU YCIMAHOBKU 8 PEealbHbIX YCIOBUSX PAOOmMbl NOKA3AA, YMO MeMnepamypa
pezeHepayuu  Yeoauma 80 MHO2OM 3A8UCUM OM KAYecmea 2aszd, NOCHYnaioujeeo Ha
aocopbyuonnwlii O10k. Kax 6uono, 6 Hauane 3agepuiaemcs decopoyus yeneKucio2o 2aia, 3amem
ceposodopoda, a 6 KOHYe - NApO8 Gnazu, npuivem epems OJisl NOIHOU OecopOoyuu 6cex
adcopoupyemvix KOMNOHEHMO8 TUMUMUPYEMCSL 6HYMPenHe - OUDQY3UOHHBIM MOPMOJICEHUEM
copbupyemulx komnonenmos. Haubonvuee apems decopoyuu, kKax u c1edosano 0xicudamos, npu-
Haoxexcum napam enacu. IKCNEePUMEHMAIbHO YCIMAHOBIEHO, YUMo NPU Hazpese 20PsiuuM 2a30M
C MAKCUMATLHO-0ONYCIMUMOU CKOPOCMbIO 8peMsl Ol NOJHOU 0ecopoyuu 81asu cocmasisem
150-160 mun. s npaxmuueckux pacuemos epems, Heobxooumoe Ojisi NOJHOU 0ecuopamayuu
yeonuma, b6epemcsi He MeHee 3 4acos, Ymo nOOMEEPHCOeHO IKCNEPUMEHMATBHO.

Knrouesvle cnosa: aocopoyusa, cunmemuueckuti yeonum NaX, HenoO8UdCHbIL ClOU
adcopbenma, 2a308as cmech, 0ecopoupyembvle geuiecmad.

NaX ADSORBENTININ HOROKOTSIZ QATINDA QAZ QARISIGININ
ADSORBSIYA PROSESININ TODQIiQi

A.S. Bayramova
Azarbaycan Dévlat Neft va Sanaye Universiteti
aygun.b74@mail.ru

Isda 4 adsorber qurgusu H,S, CO; va NO, qaz qarisiglarindan seolitly tamizlonmosini tasvir
edilir. Separatorda kondensat saviyyasinin asagi va yuxar: hiidudlar: elektrokontakt
manometrilor torafindon nozaraotds saxlamilirdi, tozyiq isa operator [Ovhasinda gqeydo
alimirdr. Adsorberlorin sayr 4, seolitin harakatsiz tobaqasinin hiindiirliiyii 3,6 metrdir. Real
soraitdo adsorbsiva qurgusunun uzun miiddatli isi gostordi ki, seolitin regenerasiyasinin
temperaturu ¢ox vaxt adsorbsiya blokuna daxil olan gazin keyfiyyatindon asilhdir. Goriindiiyii
kimi, baslangicda karbon dioksid, daha sonra hidrogen sulfidi, sonda isa nam buxarlarinin
desorbsiyasi basa ¢atir, 0zii da biitiin adsorb olunan komponentlaorin tam desorbsiyast ti¢iin vaxt
sorblasdirilan komponentlorin daxili - diffuziya tormoziyasi ilo mahdudlasdirilir. Gozlonildiyi
kimi, an boyiik desorbsiya miiddati nam ciitliikloro aiddir. Eksperimental olaraq miiayyon
edilmigdir ki, isti qazla maksimal icaza verilon siiratlo qizdirildigi zaman namin tam
desorbsiyasi iigiin vaxt 150-160 daqiqa toskil edir. Praktiki hesablamalar iigiin seolitin tam
dehidratasiyast tigiin lazim olan vaxt 3 saatdan az olmayaraq alimir ki, bu da eksperimental
olaragq tasdiglonir.

Acar sozlar: adsorbsiya, sintetik seolit NaX, adsorbentin sabit tobaqasi, qaz qarisigl,
desorbasiya olunan maddalar.
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OXIDATION OF ETHANOL OVER BINARY COPPER-TUNGSTEN
OXIDE CATALYSTS

K.Kh. Aghayeva
Azerbaijan State Oil and Industry University
aghayeval972@mail.ru

The oxidation reaction of ethanol on binary copper-tungsten oxide catalysts has been studied. It
was shown that at temperatures up to 300°C, acetaldehyde is practically the only product of the
ethanol oxidation reaction on copper-tungsten oxide catalysts. At higher temperatures, in
addition to acetaldehyde, acetone, carbon dioxide and ethylene are also formed. It is found that
the isomerization of butene-1 on the Cu-W-O catalysts begins from a temperature of 200°C and
with an increase in temperature, the yield of butenes-2 increases and at 350°C reaches its
maximum. It was shown that the dependence of the yields of butenes-2 on the atomic ratio of
copper to tungsten has the form of a curve with a maximum on the sample Ti-W=3-7. On this
sample, the maximum yield of butenes-2 reaches 57%. It is found that with an increase in the
degree of isomerization, the yields of acetaldehyde and ethylene increase, and the yield of the
product of deep oxidation decreases, which is due to formation of carbon dioxide at sites of basic
nature.

Keywords: Ethanol oxidation, isomerization, binary catalysts, tungsten oxide, copper oxide,
acetaldehyde.

INTRODUCTION

The use of renewable resources for the production of fuels and valuable chemicals
is the next important step in the development of the chemical industry. On the one hand,
it is important that natural gas and oil resources will not be used, which will lead to a
decrease in emissions of toxic and greenhouse gases into the atmosphere. On the other
hand, the use of renewable sources of raw materials and fuels will lead to long-term and
sustainable development of the chemical industry. Ethanol obtained by fermentation of
lignocellulose, referred to as “second generation bioethanol”, may become the main
intermediate in the new industrial organic chemistry based on renewable raw materials
[1,2].

The products of the direct conversion of ethanol are ethylene, acetaldehyde, acetic
acid, ethyl acetate, and diethyl ether [3-5].

It is known from the periodical literature that catalysts based on tungsten oxide are
highly active in the reactions of partial oxidation of organic compounds [6-8]. Also,
catalytic systems based on such elements as molybdenum, titanium and copper are often
used as catalysts for ethanol conversion reactions [9-11]. In this regard, in this work, we
studied the effect of additions of copper on the activity of binary tungsten oxide catalysts
in the ethanol oxidation reaction.

EXPERIMENTAL PART

Mixed copper-tungsten containing oxide catalysts of various compositions were
prepared by coprecipitation from aqueous solutions of copper nitrate and ammonium
tungstate. The obtained mixture was successively evaporated and dried at 100-120°C,
decomposed at 250°C until nitrogen oxides were completely liberated, and then calcined
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at a temperature of 600°C for 10 hours. Thus, we have prepared a total of 9 catalysts that
meet the following conditions:
mCu/nW, where m,n=1+9, m+n=10.

The activity of the synthesized catalysts in the ethanol oxidation reaction was
studied in a flow-through unit with a tubular reactor in the temperature range 100-500°C.
The reactor was loaded with 5 ml of the investigated catalyst with a grain size of 1.0-2.0
mm, and a mixture of ethanol with water vapor and air with a ratio of
ethanol:water:air=1:4:5 was passed. The volumetric feed rate of the initial mixture was
1200 h. Carbon dioxide was determined on a chromatograph with a thermal conductivity
detector and a 3 m column filled with Vaseline oil applied to an Celite sorbent. Ethanol
and its conversion products were determined on a chromatograph with a flame ionization
detector on a 3 m column filled with a specially treated polysorb-1 sorbent.

RESULTS AND DISCUSSION

The research of the activity of the studied samples showed that the products of the
reaction of ethanol conversion on the Cu-W-O catalytic system are acetaldehyde, acetone,
ethylene, and carbon dioxide. The temperature dependence of the activity of the Cu-W=2-
8 catalyst in the ethanol conversion reaction is shown in figure 1. As can be seen from
(fig.1), the ethanol conversion starts from a temperature of 200°C. At this temperature,
only acetaldehyde is formed in an amount of 3.6%. With an increase in the reaction
temperature, the yield of acetaldehyde increases to 50.8% at a selectivity of 56,8% at
400°C after which it begins to decrease and at 500°C it is already equal 35,6% with a
selectivity of 38m6%. In addition to acetaldehyde, the formation of ethylene, acetone and
carbon dioxide is also observed on the studied sample. The formation of ethylene and
carbon dioxide begins at 300°C and with an increase in the reaction temperature, their
yields increase over the entire temperature range studied. The maximum yields of
ethylene and carbon dioxide are, respectively, 20.9 and 27.3%. As can be seen from
(fig.1), the formation of acetone on this sample begins at 350°C and its maximal value
(6%) observed at 400°C. The conversion of ethanol at a temperature of 500°C reaches

92%.
100
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Fig. 1. Influence of temperature on the yields of products of the reaction of
ethanol oxidation on the catalyst Cu-W=2-8.

It is found that activity of copper- tungsten oxide catalysts strongly depend on
catalyst composition. Table 1 shows at a temperature of 250°C the dependences of the
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yields of the reaction products of the conversion of ethanol on the atomic ratio of copper
to tungsten in the composition of Cu-W-O catalysts. It can be seen that with an increase
in the copper content in the catalyst, the yield of acetaldehyde passes through a maximum
on the Cu-W = 6: 4 sample, reaching 30%. From table 1 it can be seen that on the samples
rich in tungsten in the reaction products, the formation of only acetaldehyde is observed.
An increase in the copper content in the binary catalyst also leads to the formation of
carbon dioxide.
Table 1

Influence of the atomic ratio of copper to tungsten on the yields of ethanol oxidation
products. T = 250°C

Ethanol oxidation reaction product yields, %

Atomic ratio

copper/tungsten 1:9 2.8 3 46 | 55 64 | 7.3 | 82 | 91
Reaction products /
CO, 0 0 0 |0 0 26 |56 1|63 |72
CoHa 0 0,3 [0 |0 0 0 0 0 0
CHsCHO 13,6 |16,8 |18 |15,8 |21,9 (30 20 21,8 |27,6
CH3COCHs 0 0 0 |0 0 0 0 0 0
Conversion 136 |17,1 |18 |15,8 |21,9 |32,6 |25,6 (28,1 |34,8

In contrast to low reaction temperatures at higher temperatures, in the oxidation of
ethanol on binary copper-tungsten oxide catalysts, in addition to acetaldehyde and carbon
dioxide, acetone and ethylene are also formed. Table 2 shows the dependence of the yields
of the reaction products of the conversion of ethanol on the atomic ratio of copper to
tungsten in the composition of Cu-W-O catalysts. It can be seen that with an increase in
the copper content in the catalyst, the yield of acetaldehyde passes through two maxima
for the samples Cu-W=3:7 (56.4%) and Cu-W=6:4 (52.6%). Similar dependences of the
yield on the catalyst composition are observed for the reaction of acetone formation. The
ethylene yield decreases with an increase in the copper content in the catalyst and is
practically zero in the samples rich in copper. The yield of the product of deep oxidation
of ethanol of carbon dioxide with an increase in the copper content in the catalyst first
slightly decreases, and then, starting with the Cu-W=3-7 sample, it increases to 24.6% for
the Cu-W=9-1 sample. As can be seen from table 3, the dependence of the ethanol
conversion on the catalyst composition also has the form of a curve with two maxima,
and the highest ethanol conversion reaches 89.5%.

Table 2
Influence of the atomic ratio of copper to tungsten on the yields of ethanol oxidation
products. T = 400°C

Atomic ratio copper/tungsten Ethanol oxidation reaction product yields, %
Reaction products 1.9 (2.8|3-7| 46 | 55 | 64| 73| 82 |91
CO; 21,6 |19,7/16,8(17,8 (20,4 |19,8|23,2(20,3 |24,6
C2H4 18 |13 |94 |54 |48 (43 |0 |0 0
CHsCHO 32,2 150,8|56,4|52,4 |44,4 |52,6|45,6|40,4 (37,4
CH3COCHz3 0 6 1|52 |0 0 6,2 |15 (12 |0
Conversion 71,8 |89,5/87,8|75,9 [69,9 |83 |70,3/66,3 [63,5

Summarizing the above, we can say that the main product of ethanol oxidation on
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copper-tungsten oxide catalysts is acetaldehyde. At temperatures up to 300°C,
acetaldehyde is practically the only product of the ethanol oxidation reaction, while at
higher temperatures, in addition to acetaldehyde, acetone, carbon dioxide and ethylene
are also formed.

The acid-base properties of the surface of heterogeneous catalysts quite often
correlate with their catalytic properties. In this regard, we studied the dependence of the
activity of binary tungsten-containing catalysts in the ethanol oxidation reaction on their
acidity, by the measure of which we chose the rate of the isomerization of butene-1 to
butenes-2. Studies have shown that the isomerization of butene-1 on the Cu-W-O
catalysts begins from a temperature of 200°C and with an increase in temperature, the
yield of butenes-2 increases and at 350°C reaches its maximum. However, it should be
noted that an increase in the amount of copper in the catalyst leads to a decrease in the
yields of butenes-2 and a shift in their formation towards higher temperatures. Thus, on
the Cu-W = 1-9 sample, the formation of butenes-2 is observed at a temperature of 400°C
and their total yield does not exceed 2.4%. It can be seen from the results obtained that
the ratio of the yields of the trans and cis isomers of butenes-2 on the studied catalysts,
with rare exceptions, varies from 0.2 to 0.6. The study of the dependence of the yields of
trans and cis butenes-2 on the atomic ratio of copper to tungsten at a temperature of 300°C
showed that with an increase in the amount of copper in the composition of the binary
catalyst, the yields of butenes-2 pass through a maximum of 22.1% on the catalyst Cu-
W=3-7. A further increase in copper in the composition of the binary copper-tungsten
oxide catalyst leads to a decrease in the yields of butenes-2 and on the samples beginning
from Cu-W=7-3 at this temperature isomerization of butene-1 does not occur.

At temperatures above 400°C, the formation of butenes-2 is observed in all studied
samples. Figure 2 shows the dependence of the yields of trans and cis butenes-2 on the
atomic ratio of copper to tungsten at a temperature of 400°C. As can be seen from Figure
2, the dependence of the yields of butenes-2 on the atomic ratio of copper to tungsten has
the form of a curve with a maximum on the sample Ti-W=3-7. On this sample, the
maximum yield of butenes-2 reaches 57%.
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Fig.2. Dependence of the degree of isomerization of butene-1 on the
atomic ratio of copper to tungsten.

The dependences of the yields of acetaldehyde, ethylene, acetone, and carbon
dioxide in the reaction of ethanol conversion on copper-tungsten oxide catalysts on the
degree of butene-1 isomerization are shown in fig.3. It can be seen that with an increase
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in the degree of isomerization, the yields of acetaldehyde and ethylene increase, and the
yield of the product of deep oxidation decreases.

These data allow us to assume that, in the oxidation of ethanol on copper-tungsten
oxide catalysts the formation of ethylene and acetaldehyde occurs at acid sites, while the
formation of carbon dioxide occurs at sites of basic nature. Figure 3 also shows that the
yields of acetaldehyde and ethylene change symbatically with a change in the degree of
butene-1 isomerization, that is, it can be assumed that the formation of these products
proceeds at the same centers.
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Fig.3. Dependence of the ethanol oxidation reaction products yields on
degree of isomerization of butene-1

CONCLUSION

In the oxidation reaction of ethanol on copper-tungsten oxide catalysts the formation
of ethylene and acetaldehyde occurs at acid sites, while the formation of carbon dioxide
occurs at sites of basic nature. The formation of acetaldehyde and ethylene proceeds at
the same centers.
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low CO- release. Journal of Catalysis. 2019, Vol. 380, pp. 352-365

OKHCJIEHHUE 9TAHOJIA HA BUHAPHBIX ME/Ib-BOJIb®PAM
OKCHUAHBIX KATAIN3ATOPAX

KX Acaesa
Aszepbatioscanckuii ['ocyoapcmeennuiti Yuueepcumem Heghmu u Ilpomviuiiennocmu

aghayeval972@mail.ru

H3yuena peaxyuss OKuclieHusi dmMaHoNa HA  OUHAPHBIX — MeOb-80NbDPAM — OKCUOHBIX
kamanuzamopax. Ilokaszano, umo npu memnepamypax 0o 300°C ayemanvoecuo sgniemcs
NpaKmuyecku eOUHCMEEHHLIM NPOOYKMOM peaKyuu OKUCTEeHUsl dIMAHONA HA Medb-601bPpam
oxcuonvix xkamanuzamopax. Ilpu bonee @vicoxux memnepamypax, NOMUMO ayemanboecuod,
makoice 00pazvIomcs ayemon, OUOKCUO Yenepooa U dSmuiel. Ycmanogneno, umo uzomepusayus
oymena-1 na xkamanusamopax Cu-W-O nauunaemcs ¢ memnepamypor 200°C u ¢ nogviuienuem
memnepamypul 6b1x00 6ymenog-2 yeenuuugaemea u npu 350°C oocmueaem maxcumyma. bvino
NOKA3AHO, YMO 3A8UCUMOCTb BbIX0008 OYMEH08-2 OMm AMOMHO20 OMHOULEHUSI MEOU K 80Jlbhpamy
umeem 6uod Kpusoti ¢ maxcumymom rHa oopasye Ti-W = 3-7. Ha smom obpaszye maxcumanvHwlii
6b1X00 Oymenog-2 docmueaem 57%. Ycmanosneno, umo ¢ ygenuueHuem cmenenu u3omepusayuu
8bIX00bL AyemanbOecuda U SMULEHA YBeTUYUBAIOMCS, d 8bIX00 NPOOYKMA 2YOOK020 OKUCTIeHUS
VMEHbUIAEMCS, YUMo 00YCII08NIEHO UX 00PA308aAHUEM HA OCHOBHBIX YEHMPAX.

Knwuesvie cnosa: oxucienue smanona, uzomepuzayus, OUHAPHbIE KAMAIU3AMOPLL, OKCUO
8obpama, okcuo meou, ayemanboe2uo.
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BIiNAR MiS-VOLFRAM OKSIiD KATALIZATORLARI UZORINDO
ETANOLUN OKSIDLOSMOSI

KX Agayeva
Azarbaycan Dovlat Neft vo Sanaye Universiteti
aghayeval972@mail.ru

Binar mis-volfram oksid katalizatorlar: iizorindo etanolun oksidlasma reaksiyast tadqiq
olunmusdur. Gostorilmisdir ki mis-volfram oksidi katalizatorlar iizarinda 300°C-ya gadar olan
temperaturda asetaldehid praktiki olaraq etanolun oksidlasma reaksiyasinin yegana mahsuludur.
Yiiksok temperaturlarda isa asetaldehiddan basqa aseton, karbon dioksid va etilen da amala golir.
Muayyan edilmisdir ki Cu-W-O katalizatorlarinda  buten-1-in  izomerlagmasi  200°C
temperaturdan basladigr va temperaturun artmast ilo buten-2-in ¢oxamlart artir vo 350°C-do
maksimuma ¢atir. Gostorilmisdir ki buten-2 ¢ixumimin misin volframla atom nisbatindon asililig:
Ti-W = 3-7 nlimunasinda maksimumdan kegir. Bu nimunada buten-2-in maksimum ¢ixime 57%-
o catir. Askar edilmisdir ki izomerlogmo daraCasinin artmasi ilo asetaldehidin va etilenin ciximlar:
artir va darin oksidlogma reaksiyanin mahsullar: azalir.

Acar sozlar: Etanolun oksidlasmasi, izomerlagmo, binar katalizatorlar, volfram oksidi, mis
oksidi, asetaldehid.
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UDK 541.49:546.719
REGULARITIES OF RHENIUM COORDINATION WITH
PHENANTHROLINE DONOR LIQAND

G.l.Safarli, M.M.Aghahuseynova
Azerbaijan State Oil and Industry University
gunel.safarli.1995@gmail.com

Effective methods for the synthesis of a number of complex compounds of rhenium (V) with 1,
10 - phenanthroline have been developed. The composition and structure of the obtained
compounds were proved by physico-chemical methods, and their properties were studied by
methods of elemental analysis, IR and electron (ESP) spectroscopy and thermogravimetry.
Compounds of the composition PhenH;[ReOCIs](l) and PhenH:[ReOBrs](I1) were obtained.
The [ReOXzPhen]- (Il and 1V) (x=Cl, Br) compounds were synthesized by thermal
decomposition | and II. It is shown that thermal decompositions | and Il proceed with the
release of the corresponding hydrogen halide and the rearrangement of the phenanthroline
molecule. The transition of phenanthroline from the external sphere (I and Il) to the sphere of
the ligand environment of rhenium (V) (compounds Il and 1V) was confirmed by the results of
spectrophotometric measurements (IRS, ESP).

Keywords: complexes of rhenium, nitrogen containing organic ligands, o-phenantroline.

INTRODUCTION

Recently, rhenium compounds in high oxidation states have been of particular
interest, due to their having a number of important properties, the study of which makes
a significant contribution to the development of the theory of the structure of complex
compounds and opens the way for the purposeful synthesis of a substance with specified
properties. In most papers regarding this problem [1-3], complex compounds of
rhenium with S- and P-containing ligands are studied, and the complex formation of
rhenium with N- containing ligands is not fully covered in the literature. Therefore, it
was of interest to synthesize and study the properties of rhenium (V) complexes with 1,
10-phenanthroline (Phen), which has two donor nitrogen atoms in its composition and is
coordinated with metals as a bidentate ligand [4-6].

The coordination chemistry of rhenium has received significant development in
recent years, due to the interest in creating radiopharmaceutical drugs based on complex
rhenium compounds for the diagnosis and treatment of cancer diseases. Most of the
rhenium complexes used in radio medicine are oxocomplexes, and therefore compounds
containing the polar group Re=0 are of great interest, the addition of which to the
molecule has a strong influence on the properties and behavior of the latter [7-11]. This
circumstance played a significant role in the formulation of this study.

This paper deals with the research of the processes of Re(V) compound complex
formations with o-phenanthroline, the development methods for the synthesis of
previously undescribed complexes, as well as the study of the synthesized sample
composition, structure and properties.

EXPERIMENTAL PART

The process of complex formation of rhenium with o-phenanthroline is
comprehensively considered, for which various starting substances were used.
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H2[ReOX5], where X=ClI, Br, obtained by us according to the methods given in
[5,6], were used as starting substances. Rhenium was determined in the form of nitron
perrenate [7], carbon, hydrogen and nitrogen-on an automatic analyzer manufactured by
"Carlo Erba" company. The IR spectra of the obtained complexes were taken on
SpecordM-80 and Specord 75-IR spectrometers, and the electronic absorption spectra
on the SpecordM-40 device. The SIMP'H spectras were taken by Bruker-400 devices.
The thermal analysis was performed on a Q-1500 D derivatograph of the Paulik-Paulik-
Erdei system. The molar electrical conductivity of the complex solutions was
determined through the conductometric method.

[PhenH,][ReOCIs](1)  Synthesis. The 1,10-phenanthroline  solution in
hydrochloric acid was added to H2[ReOCI5] solution in HCI. The reaction occurs at
room temperature and stirring for 1.0 h. The precipitated fine-crystalline precipitate of
light brown color was filtered out after a day, treated with a weak HCI solution, washed
with ether and dried at 105°C to a constant mass

It is found that, %: Re-25,01; C-19,10; H-1,72; N-4,03.

For [PhenH2][ReOCls]

It is calculated that, %: Re-24,44; C-18,90; H-1,58; N-3,68.

[PhenH>][ReOBrs](11) Synthesis. An equivalent amount of 1,10-phenanthroline
solution in HBr was added to the oxobromorenic acid solution in concentrated HBr.
Upon stirring for 1.5 hours, the precipitation is completed in the form of small crystals
of a reddish color. The precipitate was filtered out after a day, washed with 5 mol/ |
HBr, benzene, ether and dried in a thermostat at 105°C to a constant mass.

It is found that, %: Re-23,68; C-17,64; H-1,81; N-3,22.

For [PhenH2][ReOBrs]

It is calculated that, %: Re-23,22; C-17,96; H-1,50; N-3,49.

[ReOCIzPhen](111) Synthesis. 0.5 g of [PhenH2][ReOCI5] was placed in a test
tube with two taps. The dry argon was passed through the test tube, and heated in an
argon current at a temperature of 195°C during 1.5 hours. Then the test tube was cooled,
without stopping the supply of argon, to room temperature. After thermal
decomposition (1), the color of the substance changed to yellow-green.

It is found that, %: Re-38,24; CI-21,40; N-5,74.

For [ReOClsPhen]

It is calculated that, %: Re-38,10; CI-21,76;N-5,73.

[ReOBrsPhen](1V) Synthesis. In argon current, the solution of PhenH2[ReOBr5]
(0.5 g) in a two-pipe test tube was kept at 190°C for 3.0 hours, then cooled in an inert
atmosphere. After dehydrohalogenation and rearrangement (I1), substance IV was of a
light green color.

It is found that, %: Re-29,36; C-22,85; H-1,07; N-5,10.

For [ReOBrsPhen]

It is calculated that, %: Re-29,36; C-23,15;H-1,29;N-4,50.

RESULTS AND DISCUSSION

The interaction of a solution of oxochlororenic acid in hydrochloric acid with an
equivalent amount of hydrochloric acid solution of o-phenanthroline resulted in
elimination of [PhenH2][ReOCI5]-(I) compound. The [PhenH2][ReOBr5]-(Il) complex
was obtained by adding the o-phenanthroline solution in HBr to the oxobromorenic acid
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solution in hydrobromic acid. Oxochloro - and oxobromorenates of o-phenanthroline
were deposited in the form of small crystals of light brown (1) and reddish (1) color.
Phen+H>[ReOXs]—[PhenH2][ReOXs]

These formulas were attributed based on the elemental analysis data and the IR
spectroscopy. Thus, the IR spectra of compounds | and Il have wide absorption bands in
the 3300-3340 cm-! scope. These bands are characteristic for protonated nitrogen atoms
in the heterocycle and confirm the formation of an outer-sphere cation [PhenH,]?*.

On the heating curves of compounds | and 11, decomposition is accompanied by
two endothermic effects — at 84 and 186°C for [PhenH:][ReOCls] and 87,
188°C[PhenH][ReOBrs]. The first endothermic effect corresponds to the removal of
crystallization water, the second is associated with dehydrohalogenation. In order to
obtain substances formed after the removal of HX (x=CI, Br), compounds | and 11 were
subjected to thermal exposure in an inert atmosphere. By heating at the temperature
slightly higher (190-195°C) of the second endothermic effects, compounds of the
[ReOClIzPhen]-(111) and [ReOBrsPhen]-(1VV) composition were obtained. Upon heating,
dehydrohalogenation occurs and the ligand passes from the outer sphere to the inner
sphere of the complex, and the color of the substances changes to yellow-green (111) and
light green (V). The reaction proceeds according to the scheme:

[PhenH:][ReOX5]—[ReOXsPhen]+2HX. (x=Cl, Br)

This thermal decomposition scheme with the release of two hydrogen halide
molecules and the entry of the o-phenanthroline molecule into the inner sphere of the
complexing agent atom is confirmed by the elemental analysis data and a comparative
study of the IR spectra of the initial and obtained compounds. In the IR spectra of
compounds 111 and 1V, the absorption bands in the 3300-3340 cm™ scope disappear due
to the presence of protonated nitrogen atoms of the heterocycle in the outer-sphere
cation [PhenH2]?* of compounds | and 1.

The intense band in the 848 cm™ scope, caused by fluctuations of free o-
phenanthroline, in the IR spectra of compounds IlI, 1V is split into two bands: - less
intense at 848 cm® and low-intensity at 843 cm™ (111) and 840 cm? (1V), which
confirms the entry of the phenanthroline molecule into the internal coordination sphere
of the rhenium atom (V). Changes in the intensities and the shift of the absorption bands
on the electronic spectra of compounds I11-1V relative to I-11 in the visible and close UV
sites characterizing the phenanthroline chromophore system indicate the transition of
the phenanthroline molecule from the outer sphere (I and Il) to the inner sphere of the
complexing agent atom (111 and 1V). The band at 19050 cm* splits into two bands with
a significant hyperchromic shift at 23500 and 22500 cm?, and for the long-wave
absorption band in the 12020 cm™ area, a hypsochromic shift is observed (A550 cm™).

The transition of phenanthroline from the external sphere to the rhenium ligand
environment sphere is confirmed by a change in the ESP nature (fig. 1,2) and is
characterized by a change in the spectral characteristics in the UV area due to the
phenanthroline chromophore system, which is accompanied by a redistribution of the
absorption band intensities and a hypsochromic shift. This indicates that structural
transitions affect the parameters of electronic transitions both in the metal-ligand system
and in the ligand system itself, which confirms the relationship of these chromophore
systems.
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Fig.1. Electronic absorption spectra of complex compounds of rhenium
(V) 1-4 substances, respectively I,11,111,1V.

Fig.2. Electronic absorption spectra of acetonitrile solutions of rhenium
(V) complex compounds in the UV area.

Based on the above and taking into account the fact that the complex anions

[MeOXs]? - (x=ClI, Br) have the configuration of a flattened octahedron, compounds 111
and IV may be designated by one of two possible structural formulas (A and B) as

shown below:
Cl cl Cl
4 /4
Re Re

Phen

Ci Phen

CONCLUSION

1. Compounds of the composition PhenH2[ReOCIs](I) and PhenH:[ReOBrs](I1) were
obtained. The [ReOXsPhen]- (I1lulV) (x=Cl, Br) compounds were synthesized by
thermal decomposition | and I1.

2. It is shown that thermal decompositions | and Il proceed with the release of the
corresponding hydrogen halide and the rearrangement of the phenanthroline
molecule.

3. The transition of phenanthroline from the external sphere (I and 1) to the sphere of

—_— =
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the ligand environment of rhenium (V) (compounds 111 and 1) was confirmed by the
results of spectrophotometric measurements (IRS, ESP).
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3AKOHOMEPHOCTHU KOOPIUHALIMU PEHUSA C JOHOPHBIM
JIM'AHIOM-®EHAHTPOJIMHOM

I'"U.Cachapnu, I'.I" Aeacycetinosa
Aszepbaiiddicanckutl 20Cy0apcmeeHHblll YHugepcumem Heghmu u npoMulULIeHHOCU
gunel.safarli.1995@gmail.com

Paspabomanwel s¢hghexmugnvie Memoosvl cunmesa psaoa KOMNiEKCHvlX coeounenul penus (V) ¢
1,10-gpenanmponunom. Cocmas u cmpykmypa NOAYYEHHbIX COEOUHEHUN OOKA3aHbl (PUUKO-
XUMUYECKUMU MemoOamu, a uxX CEOUCMEA U3YYeHbl Memooamu nemeHmHo2o auanusa, UK,
anexkmponnot (ICII) cnexmpockonuu u mepmoepasumempuu. Ilonyuensi coedunenus cocmasa
PhenH, [ReOCls] (1) u PhenH;, [ReOBrs] (I1). Coeounenus [ReOXsPhen] - (11l u 1V) (x = ClI,
Br) cuumesuposanvr mepmuveckum pasznoscenuem | u . Ioxazano, umo mepmuyeckue
paznodicenus | u 1l npomexarom c gvidenenuem coomeemcmesyouje2o 2an02eHudd 8000pooda u
nepezpynnuposKoll Monexkyavl enanmponuna. Ilepexoo genanmponuna uz enewnel cgepvi
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(I u ) 6 cepepy aueanonoco oxpyscenus penus (V) (coeounenus W u 1V) noomeepocoen
Pe3VIbMaAmam. CHeKmpo@doOmomMempuiecKux usmepeHuil.

Kniouesvie cnosa: komniexcol peHus, azomcooepicaujue OpeaHuyecKue aueamovl, o-
henanmponun.

RENIUMUN DONOR LIQAND-FENANTROLINLD KOORDINASIYA
QANUNAUYGUNLUQLARI

G.1.Safarli, M.M.Agahuseynova
Azarbaycan Dovlat Neft va Sanaye Universiteti
gunel.safarli.1995@gmail.com

Reniumun (V) 1,10-fenantrolinla bir sira kompleks birlasmoalarinin sintezi tgun effektiv usullar
islonib hazirlanmugdr. Alman birlagsmoalorin torkibi Vo qurulusu fiziki-kimyavi Gsullarla stbut
edilmis, xassalori elementar analiz, IQ, elektron (EUS) spektroskopiya va termogravimetriya
tisullary ilo 0yronilmisdir. PhenH, [ReOCls] (1) vo PhenH, [ReOBrs] (1) tarkibli birlagmolaor
alda edilmisdir. [ReOX3Phen] - (Il va 1IV) (x = CI, Br) birlagmoalari 1 va Il -nin termal
parcalanmast ilo sintez edilmisdir. I va 1l -nin termal parcalanmasimin miivafiq hidrogen
halojenidin ayrimas: va fenantrolin molekulunun yenidan qurulmas: ilo davam etdiyi
gOstarilmisdir. Fenantrolinin xarici sferadan (I va Il) reniumun (V) ligand ahatasina, yani
kompleksin daxili sferasina (111 va IV birlagmalar) kecidi spektrofotometrik naticalari ilo tosdiq
edilmisdir.

Acar sozlar: renium komplekslari, azot tarkibli Gzvi ligandlar, o-fenantrolin.
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UDC: 504.45.064.36
INVESTIGATION OF UNDERGROUND WATER SOURCES WITH
HYDROGEN SULFIDE CONTENT ON THE TERRITORY OF SHIMALI

N.A.Guliyeva , Z.V.Abdulazimova
Azerbaijan State Oil and Industry University
zarifaabdulazimova@gmail.com

This paper examines the chemical composition of the hydrogen sulfide waters of the Khachmaz
region from three hydrogen sulfide sources on the territory of Shimali, namely from the Khazar
camp site from the Shafa camp site, as well as from one of the central villages, the population
for which is famous for good health from the Shimali village-1. A comparative analysis of the
relationship between the salinity of groundwater, chloride ions, HCOs™ and the concentration of
H_S is carried out. We have carried out monitoring from several hydrogen sulfide sources for
the presence and quantitative determination of CI"in them, as well as established environmental
factors affecting the preservation of these sources.

Keywords: chloride ion, hydrogen sulfide (HS), ecology, titration.

INTRODUCTION

In the system of artesian waters, hydrogen sulfide waters belong to a reducing
geochemical environment, which depends largely on the ecological state, in the zone of
development of anaerobic processes. The main factors and environmental conditions for
the formation of hydrogen sulfide waters are the lithological-facies composition of the
water-bearing rocks, first of all, having sulfate-containing deposits and oil and gas
complexes, which is very important when studying the composition of water and using
it both for technical and other purposes. Geostructural conditions and hydrogeochemical
setting are one of the key factors [1- 3]. The formation of hydrogen sulphide waters is a
complex geochemical process that depends on a complex of geological factors and the
natural and ecological situation in a given area [4,5]. The study of the ionic composition
of hydrogen sulfide waters shows that the most common among them are chloride and
sodium waters. Rare: sulfate, calcium, chloride-sulfate and sodium types. Very rarely
meet: hydrogen sulphide waters of chloride-hydrocarbonate sodium composition,
hydrocarbonate-sulphate calcium.

At present, the population of the Republic of Azerbaijan continues to be treated
with mineral waters from local springs. Most of those who come to the springs in
summer use the water on their own, without first seeking medical advice and without
being subject to medical supervision. Such uncontrolled use of medicinal mineral
waters can seriously harm health. The rational use of mineral hydrogen sulfide waters
for medicinal purposes is impossible without a thorough study of their composition,
properties and effects on the body. Hydrogen sulfide medicinal waters are represented
mainly by thermal and cold springs. The therapeutic effect of hydrogen sulfide waters is
associated with the free H,S present in the water, which has active chemical properties.

EXPERIMENTAL PART

For our work we used: pipette 1 cm, graduated every 0.01 cm; measuring cylinder
100 cm; burette 25 cm with glass cock. Colorimetric tubes with a mark of 5 cm. Ashless
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filters "white tape"”, AgNO3, NaCl, KAI(SO,),-12H,0, K>CrOas, NHs, 25% solution.

Samples were taken from three sources in the Shimali area in August 2019. When
taking a water sample for analysis for H,S. They allowed the water to drain a little, and
immediately filled it. The water was delivered to the laboratory for analysis within 24
hours.

Sample 1. Fig . 1. Camp site “ Shafa”

Sample 2. Fig . 2. “ Shimali 17 village

Sample 3. Fig . 3. The source of the camp site ““ Khazar ”

Sample 4. Fig . 4. Camp "Shafa", the pipe which was closed here due to the fact
that this reservoir was installed .

Analysis of the relationships between groundwater salinity, SO,42-, HCOz- and
H,S concentration. The volume of water samples for determining the chloride content
was taken with a volume of 250 cm?® and not preserved in a conical flask. The chlorine
ion content was determined by titration with AgNOs.

5 cm?® of water was poured into a colorimetric test tube, and three drops of a 10%
AgNOs solution were dropped. The fact that there is chlorine ion in the test water was
determined by the white precipitate, after the qualitative detection of the chlorine ion in
the water, a quantitative determination was carried out.

$00 1% ’ v
A f % Vi it -

A e

Fig.. Camp site “Shafa” T o Fig.2. “ Shimali 17 village

Fig.4. Camp "Shafa", the pipe which
was closed here due to the
fact that this reservoir was
installed

Fig.3. The source of the camp site “Khazar”

RESULTS AND DISCUSSION

Studies of the chemical composition of hydrogen sulphide waters on the territory
of Shimali. We have determined the ionic composition of water from several springs
located on the territory of Shimali -1 village, on the territory of the "Shafa" camp site,
which is a resting place for azi workers and a source on the territory of the "Khazar"
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Camp site.

We have carried out monitoring from several hydrogen sulfide sources for the
presence and quantitative determination of Cl in them. Of all the known anions,
chlorides have the highest ability to migrate, which is explained by their high solubility,
weakly expressed ability to sorption and consumption by living organisms.

The increased content of chlorides in drinking water gives it a salty taste and has a
negative impact on human health; it is also not suitable for household and technical
needs. Chlorides in water are harmful to health. Drinking water with chlorides, a person
experiences a violation of the water-salt balance and the digestive tract, edema occurs.
Therefore, it is necessary to monitor the correlation of the amount of chlorine ions in
hydrogen sulfide sources in the territory where the resort zones and villages in which
the population lives, using this water in everyday life. Both sulfates and carbonates in
water were determined in parallel (fig. 5). We also studied the ratio of Ca?* , Mg®" and
Na* cations with K* in water and thus compared them quantitatively relative to the
sources (fig. 6).

Anion correlation diagram

Sulfate ion Hydrocarbonate ion Chlorine ion

70000
60000
50000
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Shimali Khazar
Sulfate ion 123 16

Hydrocarbonate
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Fig.5. Correlation diagram of sulfate ion, hydrogen carbonate ion and chlorine ion

Cation correlation diagram

Magnesium ion
Calcium ion
Sodium ion + Potassium ion

40000
30000 —— e —
20000
10000
Shimali Khazar Shafa
Magnesium ion 480 605 48
Calcium ion 125 2803 1737

Sodium ion +
Potassium ion

27704 33833 28807

Fig.6. Correlation diagram of chlorine, calcium and sodium ions with
potassium in general
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CONCLUSION

In conclusion, we can explain that the chemical composition we determined from
three hydrogen sulfide sources : “Shimali-1” village , the camp site “Khazar” and camp
site “Shafa” . They allows us to conclude that the good health of the population of the
village of Shimali -1 is due to the fact that they use water from hydrogen sulfide sources
as drinking water for daily consumption, which provides them with good complexion
excellent skin and silky hair.
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NCCIEJOBAHUE XUMHNYECKOI'O COCTABA BO/IbI
CEPOBOJOPOJHBIX HCTOYHUKOB HA TEPPUTOPUU IINUMAJIN

H.A.I'viuesa , 3.B.A60ynazumosa
Aszepoatioacanckuti I'ocyoapcmeennviii Ynusepcumem Hegpmu u Ilpomviwnennocmu
zarifaabdulazimova@mail.com

B oanmnoii cmamve ucciedyemcs xumuueckutl cocmag cepo8oOOpOOHbIX 800 Xauma3zckoz2o
Pationa u3 mpex UCMoOYHUKO8 cepo8ooopooa Ha meppumopuu Lllumanu, a umenno uz mypoasvi
Xasap, uz mypbaswr Llagha, a makoce uz 00no20 u3 yenmpaibhvix cei, HaceileHue KOmopo2o
cnagumesi Kpenkum 300posvem Oepesna [llumanu-1. I[lposeden cpasHumenvhulii ananus
83AUMOCEA3U MeANCOY COLEHOCbIO N0O3eMHbIX 600, xaopuod-uonamu, HCO3 u xonyenmpayueu
HS. IIposeden monumopumne neckoIbKUX UCIOYHUKOS Cepo8o00po0ad Ha NpeoMem HAIu4us u
konuyecmeennoeo onpedenenus uona ClI 6 nux, a maxoce ycmanoenennus ¢axkmopos
OKpydicarowell cpeovl, BIUSIOWUX HA COXPAHHOCTNb IMUX UCTHOYHUKOB.

Knrouegwie cnosa: xnopuo-uon, ceposooopoo (H,S), axonoeus, mumposarue.

SIMALI ORAZISINDO HIDROGEN SULFID TORKIBLI YERALTI SU
MONBOLORININ KiMYOVi ANALizZi

N.A.Quliyeva , Z.V.Abduazimova
Azarbaycan Dovlat Neft va Sanaye Universiteti
zarifaabdulazimova@gmail.com

Magalada Shimali arazisindoki i¢ hidrogen sulfid manbayindan, yani Safa diisargasindan Xazar
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NDNEU

diisarga sahasindan, hom do ahalisi Simali kondinin saglamhigi ilo mashur olan moarkozi
kandlordon birindon Xagmaz bolgasinin  hidrogen  sulfid sularimin  kimyavi  tarkibi
arasdirdmisdwr. Yeralti sularin  duzlulugu, xlorid ionlari, HCO3 Vo HS konsentrasiyasi
arasindaki alaganin miqayisali tohlili aparilmisdir. Hidrogen sulfid manbalarinin igarisinda CI°
ionun olmast va migdari, habels bu manbalarin tohlikasizliyina tasir edan miayyan edilmis atraf
miihit faktorlar ti¢iin analizi aparimusdir.

Acar sozlar: xlorid ionu, hidrogen sulfid (H_S), ekologiya, titrlamo.
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RESEARCH OF HEAT-INSULATING PROPERTIES OF FOAMED
CONCRETES ON BASIS OF BRICK WASTES

Y.N.Gahramanli, R.V.Gurbanova, B.A.Samedzadeh
Azerbaijan State Oil and Industrial University
y.gahramanli@asoiu.edu.az

Researches on studying of heat-insulating properties of the obtained geopolymeric foamed
concretes on basis of brick wastes were conducted. Content of alkali solution in the initial
composite was varied at the level of 20%mass. The composite with ratio of brick wastes to
binder equal 80:20 was taken for research. Volume weight of the researched specimens was
varied from 558 kg/m® up to 1656 kg/m®. Temperature of heat flow meter was kept up at the
level of 40, 50 and 60°C. It was established that specimens with volume weight 558 kg/m? at
temperature 60°C have the least value of coefficient of thermal conductivity which makes up
0.03 W/(mK). It was also established that the obtained specimens of geopolymeric foamed
concrete can be recommended for the using as heat-insulating materials.

Keywords: geopolymer, foamed concrete, coefficient of thermal conductivity, brick wastes.

INTRODUCTION

On modern stage of mankind development, the questions connected with
environmental protection from anthropogenic influence are very topical and important.
It is known that as a result of life activity of human the huge amounts of industrial and
domestic wastes are throwed out into the atmosphere, lithosphere, hydrosphere and
biosphere of the Planet. Therefore, it is important to correctly utilize and to rationally
use these wastes. Wastes, particularly solid wastes of construction and industry, can be
reused for an obtaining of new materials with required properties. Importance of wastes
is that they are generated in big industrial centers and towns and therefore there is not a
necessity to transport them at long range. On the other hand, they have got low cost and
this fact has a great importance. Therefore, the obtaining of new materials with
predetermined properties on basis of wastes is important problem which is being studied
by all world scientific community. Taking into account a specificity of local brick
manufacturing and presence of huge amounts of brick wastes, such types of wastes of
constructional and industrial origin were used.

The other and important problem is the decreasing of carbon dioxide emissions
into the atmosphere. This problem has a great topicality nowadays, because the average
temperature on the Planet rises due to greenhouse effect. Carbon dioxide emissions is
mainly related to power industry. The greater consumption of heat and electric energy,
the greater emissions of carbon dioxide into the atmosphere. Therefore, the decreasing
of heat and electric energy consumption is one of ways of a decreasing of carbon
dioxide emissions. It is achieved by using of heat-insulating materials in construction.
These materials can be used in the masonry of walls and various ceilings. The using of
heat-insulating materials makes it possible to keep a heat in winter and coolness in
summer in the rooms. This circumstance promotes considerable saving of power
resources. It means that emissions of carbon dioxide into atmosphere can be
considerably decreased. Many researches in the field of creation of sound-proof and
heat-insulating materials are being conducted. [1-7]

Thus, an obtaining and research of heat-insulating properties of the materials are
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rather topical problem, therefore the attempt of a studying of heat-insulating properties
of the obtained geopolymeric foamed concretes on basis of brick wastes was undertaken
by us in this work.

EXPERIMENTAL PART

The composites of geopolymeric foamed concretes containing such main
constituents as filler (brick wastes) and binder with ratio 80:20 were taken for research
of their heat-insulating properties. The procedure of the obtaining of the given
composites was explained in work [8].

Thermal conductivity of foamed concretes was researched according to GOST
7076-66. Tests were conducted on laboratory unit (fig.1).

Fig.1. Laboratory unit for determination of coefficient of thermal conductivity:
1- heat-transfer agent; 2- thermostatic system; 3- temperature-sensing
device for measuring of temperature of heat flow meter; 4- tested
specimen; 5- heat flow meter; 6- temperature-sensing device for
measuring of temperature of specimen; 7- control module; 8- stirrer; 9-
heating element.

The laboratory unit involves a thermostatic system 2 containing heat-transfer
agent 1 (water). The specimen is set on the table 5 made from the quick-response heat
flow meter. Heat-transfer agent is heated at the expense of heating element 9. Its
temperature is controlled by control module 7. The stirrer 8 continually agitates a heat-
transfer agent for uniform distribution of temperature in all volume of thermostat.
Temperatures of heat flow meter and top of the specimen are measured by means of two
thermocouples 3 and 6.

The tested specimen must have a plane-parallel facets and cube form. The
thickness of the specimen must make up 40 mm. Thickness of the specimen is measured
by Vernier caliper with accuracy 0.1 mm and is a result of four measurements. Before
testing, the specimens must be dried at 105-110°C up to constant weight.

At conducting of testing, the specimen is set on the table of heat flow meter and
clutched by special device on top. Thermocouples are set on top facet of specimen and
on the heat flow meter. Then temperature of heating is set by means of control module.
After installation of a steady-state regime the temperature is measured by two
thermocouples 3 and 6. Herewith, temperature of heat flow meter must not be changed
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within 30 minutes.
Calculation of results of measurement is carried out as follows. Coefficient of
thermal conductivity is determined in accordance with the formula:
Q-6
A= :
t1— 1t
where § — is a thickness of specimen, m; t,- is a temperature of hot surface of specimen,
OC; t,- is a temperature of cool surface of specimen, °C; Q- is a heat quantity passing
through the specimen in direction which is perpendicular to its surface, kcal/m2hour.
At measuring of heat quantity by quick-response heat flow meter the calculation is
carried out in accordance with the following formula:
0,86-R-I?
= = :
where R- is a constant resistance of heater of heat flow meter, Om; I- is a current
strength, A; F- is a cross sectional area, m?.
Temperature of specimen surfaces is measured at steady-state regime with
accuracy of 0.1°C. Coefficient of thermal conductivity is calculated with accuracy of
0.001 W/m-K.

RESULTS AND DISCUSSION

As it was said above, it was necessary to obtain the heat-insulating materials
(foamed concretes) on basis of unconventional concretes. To this end, the researches of
changing of materials thermal conductivity depending on various rate of foaming or
volume weight were conducted according to GOST 7076-66. Main measure of thermal
conductivity of material and their heat insulating properties is coefficient of thermal
conductivity (4, W/mK). As it is known, thermal conductivity is capability of a material
to conduct a heat energy. Herewith, a heat transfer takes place from body with high
temperature to body with low temperature at the expense of Brownian motion (thermal
motion) of molecules, atoms etc. Thus, if there is non-uniform distribution of
temperatures in the bodies, then heat transfer takes place. In this case, mechanism of
heat transfer will depend on aggregate state of a matter. There are two main
mechanisms of thermal conductivity in solids. This is mechanism of thermal
conductivity by free electrons (electronic thermal conductivity) and mechanism of
atomic oscillations (background or lattice conductivity). Besides, the first one is
characteristic for metals and the second one (background conductivity) is characteristic
for dielectrics. In case of lattice conductivity, atoms located in knots of crystal lattice
are combined with each other by elastic forces. Due to this, oscillations appearing in
some point of crystal lattice will be spread in all directions in the form of elastic waves.
Thermal oscillations are spread by the similar way.

Thus, thermal conductivity is a wavelike transfer of thermal energy. This transfer
is directed to such points of crystal lattice where the knots of the lattice is excited least.
In other words, capability of a material to conduct heat is characterized by coefficient of
thermal conductivity which represents a heat quantity transferring through the
homogeneous specimen of a material of unit length and area for a unit time at unit
temperature difference.

Researches of specimens of foamed concrete at certain ratio of constituents (brick
wastes:binder = 80:20) were conducted. Herewith, a content of alkali solution in the
initial mixture made up 20%mass, because only in this case the least values of volume
weight and maximal values of rate of foaming were observed. [8] Research was

66
WWW.ajcnews.org



conducted at three different temperatures (40, 50 and 60°C). During a conducting of the
research, we had to find out how the thermal conductivity of a material is changed
depending on changing of volume weight of specimens at different temperatures.

Diagram of changing of coefficient of thermal conductivity of specimens
depending on changing of volume weight at temperature of heat flow meter equal 40°C
is presented on fig.2.

From the presented diagram one can see that an increasing of volume weight of
foamed concrete leads to sharp increasing of coefficient of thermal conductivity.
Herewith, an increasing of volume weight from 558 up to 1656 kg/m® leads to
increasing of coefficient of thermal conductivity from 0.08 up to 0.21 W/(mK), that is,
in 2.6 times. The reason of such increasing of thermal conductivity can be explained as
follows. It is known that increasing of volume weight of specimens with equal weight
leads to decreasing of porosity of a material, that is, to decreasing its free volume.
Herewith, material is compacted and sizes of its pores are also decreased. It is known
that air is a poor conductor of heat. At decreasing of diameter of pores and free volume,
quantity of air filling this volume is also decreased. Besides that, size of air layers filling
these pores becomes considerably thinner. As air is a natural heat insulator, the
decreasing its quantity in volume of material inevitably leads to deterioration of its heat-
insulating properties and to increasing of coefficient of thermal conductivity.

Besides that, it should be taken into account the presence of hydrogen which is
gasifier at forming of the porous or foamed structures. Hydrogen can be contained in
some closed cells or pores of material. Its quantity also tends to zero at increasing of
volume weight of a material. Compaction of material leads to prevalence of mechanism
of lattice conductivity, that is, heat oscillations in the knots of crystal lattice can be
transferred at long range in all volume of material. Sufficiently low values of coefficient
of thermal conductivity of initial monolithic specimen can be explained by its structural
inhomogeneity, that is, by alternation of different crystal structures in it which are
located neighborly. This is three-dimensional lattice structure of binder and crystal
structure of brick wastes.

W/mK)

0,13
0,11

0,09

Coefficient of thermal conductivity,

0,07

0,05
400 900 1400 1900
Vohime weight, kg/ni®

Fig.2. Dependence of changing of coefficient of thermal conductivity
of foamed concretes from volume weight at temperature of heat
flow meter equal 40°C

Besides that, presence of rather inhomogeneous impurities in the structure of
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foamed concrete also prevents the spreading of heat waves in volume of material. This
circumstance can lead to local overheating in the material. It must be taken into account
at creating of materials on basis of various wastes.

Then researches of thermal conductivity of foamed concretes at 50°C were
conducted. The results of the conducted experiments are shown on fig.3. From the
represented diagram one can see

0.2
0.18
0.16
0.14
0,12

0.1
0,08
0.06

Coefficient of thermal conductivity, W/(mK)

0,04

0,02

400 900 1400 1900
Volume weight, kg/m?

Fig.3. Dependence of changing of coefficient of thermal conductivity of
foamed concretes from volume weight at temperature of heat flow
meter equal 50°C

that increasing of volume weight also promotes rapid increasing of coefficient of
thermal conductivity of specimens. Herewith, increasing of volume weight from 558 up
to 1656 kg/m?® leads to increasing of coefficient of thermal conductivity from 0.044 up
to 0.18 W/(mK), that is, in 4.1 times. Besides that, increasing of temperature gradient on
the opposite sides of the specimen leads to sharp decreasing of thermal conductivity
over the range 1450-1600 kg/m?®. It is represented by characteristic inflection of curve in
the given diapason. The mechanism of changing of coefficient of thermal conductivity
is the same as on fig.2. It was explained above. The difference is that higher
temperatures create more gradient of temperatures on the opposite sides of specimen.
This circumstance leads to relatively low values of coefficient of thermal conductivity
in comparison with abovementioned case presented on fig.2.

Researches of coefficient of thermal conductivity were also conducted at
temperature of heat flow meter equal 60°C. The results of the conducted experiments
are presented on fig.4.

One can see from the figure that increasing of volume weight of specimens
promotes the rising of coefficient of thermal conductivity. Herewith, increasing of
volume weight from 558 up to 1656 kg/m?® leads to increasing of coefficient of thermal
conductivity from 0.034 up to 0.16 W/(mK), that is, approximately in 4.7 times. The
more characteristic inflection of the curve in diapason 1450-1600 kg/m® and relatively
low values of coefficient of thermal conductivity are also observed in this case. It is
explained by the more gradient of temperatures on the opposite sides of the specimen.
Herewith, the sharper decreasing of coefficient of thermal conductivity is observed on
the given diapason.
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At comparative considering of the curves presented on fig.2, 3 and 4 one can
notice that at increasing of volume weight of specimens more than 1400 kg/m? the sharp
rising of coefficient of
0.18
0.16
0,14
0,12

0,1
0,08
0,06
0,04

Coefficient of thermal conductivity, W/(mK)

0.02
400 900 1400 1900

Volume weight, kg/m?

Fig.4. Dependence of changing of coefficient of thermal conductivity of
foamed concretes from volume weight at temperature of heat
flow meter equal 60°C.

thermal conductivity is observed in all cases. This fact has got the following
explanation. At increasing of volume weight a portion of free, unoccupied volume is
decreased. Herewith, size of pores is also decreased. They become more narrow and
smaller. At decreasing of size of pores, the volume of air interlayer in them is also
decreased. But decreasing of volume of air interlayer in each certain pore and in the
volume of material as a whole leads to deterioration of heat-insulating properties. This
circumstance is a reason of increasing of coefficient of thermal conductivity. Thus,
some critical value of volume weight is observed in diapason of values of volume
weight 1400-1500 kg/m®. At this critical value, the material structure turns into the
monolithic structure with lowest content of free volume. That is, if value of volume
weight is higher than that critical value, then material mainly will be non-porous and
monolithic. It should be noted that at increasing of temperature of specimens testing
from 40°C up to 60°C the abovementioned transition is observed more clearly.

Thus, the conducted researches of volume weight of foamed concretes make it
possible to assert that changing of coefficient of thermal conductivity of specimens
correlates with changing of their volume weight and has a scientific explanation.
Besides that, specimens of foamed concretes with volume weight 558-900 kg/m? in
accordance with values of their coefficient of thermal conductivity can be considered as
heat-insulating materials. Herewith, values of coefficient of thermal conductivity
correspond to values for foamed concretes which make up 0.05-0.3 W/(mK). In some
cases, these values even surpass the given indices.

Coefficients of thermal conductivity of some wide-spread materials are presented
below in table 1. At considering of the given table one can make a conclusion that the
foamed materials obtained on basis of brick wastes have got heat-insulating properties
which quite correspond to properties of conventional foamed concretes and even to
properties of such materials as glass wool and foamed polyurethane. This circumstance
argues about high heat-insulating properties of the obtained materials.
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Table 1

Coefficients of thermal conductivity of some materials
Coefficient of thermal

Material conductivity, W/mK

Amianthus 0,15
asbestos-cement plate 0,35
porous concrete 1,4
monolithic concrete 1,75
thermo-insulating concrete 0,18
Paper 0,14
light mineral wool 0,045
woolen felt 0,045
gypsum plaster 0,35
Wood 0,15
reinforced concrete 1,7
Limestone 1,7
Stone 1,4
foamed rubber 0,03
natural rubber 0,042
ceramsite concrete 0,2
clay brick 0,15
cavity brick 0,44
lime-and-sand brick 0,81
solid brick 0,67
slag brick 0,58
foamed concrete 0,3
foamed plastic PS-4 0,04
foamed plastic PVC-1 0,05
foamed polystyrene PS-B 0,04
foamed polyurethane 0,035
light foamed glass 0,06
Polystyrene 0,082
Ruberoid 0,17
glass wool 0,05
glass fiber 0,036
expanded ebonite 0,03

CONCLUSION

1. The increasing of volume weight of specimens from 558 kg/m? up to 1656 kg/m® at
temperature of heat flow meter 40°C leads to increasing of coefficient of thermal
conductivity from 0.08 W/(mk) up to 0.21 W/(mK), that is, in 2.6 times.

2. The increasing of volume weight of specimens from 558 kg/m?® up to 1656 kg/m® at
temperature of heat flow meter 50°C leads to increasing of coefficient of thermal
conductivity from 0.044 W/(mk) up to 0.18 W/(mk), that is, in 4.1 times.

3. The increasing of volume weight of specimens from 558 kg/m?® up to 1656 kg/m® at
temperature of heat flow meter 60°C leads to increasing of coefficient of thermal
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conductivity from 0.034 W/(mK) up to 0.16 W/(mkK), that is, in 4.7 times.

4. Heat-insulating properties of materials become more strongly pronounced at higher
temperatures of heat flow meter.

5. The obtained specimens of geopolymeric foamed concrete can be used as heat-
insulating materials.
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UCCJEJOBAHME TEILJION3OJIIIIMOHHBIX CBOMCTB IIEHOBETOHOB
HA OCHOBE KUPIIMYHBIX OTXOAOB

I0.H.Kaxpamannwi, P.B.I'ypoanosa, b.A.Camedszaoe
Aszepbaiioscanckui I'ocyoapcmeennwiii Ynusepcumem Heghmu u [Ipomvruunennocmu

y.gahramanli@asoiu.edu.az

Ilposedenvt  uccnedosanusi no  UZVHEHUIO  MENIOUSOTAYUOHHBIX — CBOUCME  NOTYYEHHBIX
BCNEHEHHBIX 2eONONUMEPHBIX OEMOHO8 HA OCHOBe KUPNUYHLIX O0mXx0008. B  ucxoouoi
KOMRO3uyuu cooepaicanue pacmeopa weiouu cocmasnsino 20%macc. s uccaedosanuii oviia
634MaA KOMNO3UYUSL C COOMHOULCHUEeM KUupnuyHulii omxoo:ceszyiouee = 80:20. Obwvemnas
Macca uccrnedyemvlx 06pazyos eapvuposaiack om 558 0o 1656 xe/mP. Temnepamypa
mennomepa noddepxcusanace na ypoene 40, 50 u 60°C. Bvino ycmanoeéneno, umo obpasyvl ¢
obvemmoii maccoti 558 xe/m® npu memnepamype mennomepa 60°C umeem Haumenviuuil
xoappuyuenm mennonposoonocmu 0,03 Bm/(mK). I[lonyuenuvie 0bpasyvl 2eonoaumepHozo
nenobemona mMo2ym Ovims PeKOMEeHO08AHbL K UCHONbI0OBAHUIO 8 KAYECEe MEeNI0U30IAYUOHHBIX
Mamepuanos.

Knwouesvie cnosa: ceononumep, nenobemon, Kod@uyuenm menionpogooHOCMU, KUPRUYHbvle
omxo0bl.

KORPIC TULLANTILARI 9SASINDA KOPUKLONMIS BETONLARIN
ISTILIK IZOLYASIYA XASSOLORININ TODQIQi

Y.N.Qahromanli, R.V.Qurbanova, B.O.Samadzada
Azarbaycan Dovlat Neft va Sanaye Universiteti
y.gahramanli@asoiu.edu.az

Karpic tullantilart asasinda alinmis kopiiklanmis geopolimer betonlarinin istilik izolyasiya
xassalarinin Gyranilmasi Uzra tadgigatlar aparilmisdur. Ilkin kompozisiyada galavi mahlulunun
migdart 20%kiit. saviyyasinda saxlanilirdi. Tadgiqatlarin aparilmast iigiin tarkibinda Karpic
tullantilarin 2lagalondiriciya nisbati 80:20 olan kompozisiya gotiiriilmiisdiir. Tadqiq olunan
niimunalarin hacm kitlasi 558-dan 1656 kg/m?® kimi dayisirdi. Istilik élcanin temperaturu 40, 50
Vo 60°C saviyyasinda saxlanilirdi. Miiayyon edilmisdir ki, istilik él¢anin temperaturu 60°C
oldugda hacm kitlasi 558 kg/m® olan niimunalarin istilikkegirma amsalt minimal olur va 0,03
VU/(mK) taskil edir. Kopuklonmis geopolimer betonunun alinmig niimunalari istilik izolyasiya
materiallart kimi istifado UgUn tovsiya edila bilar.

Acar sozlar: geopolimer, kopuklonmis beton, istilikkecirma amsali, karpic tullantilar:.
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UOT 544.478.1
THE ACTIVITY OF MOLYBDENE-VANADIUM OXIDE CATALYSTS IN THE
ISOPROPYL ALCOHOL CONVERSION REACTION

N.l.Dushdurova
Azerbaijan State Oil and Industry University
nurlana.dushdurova@mail.ru

The activity of molybdenum-vanadium oxide catalysts in the conversion of isopropyl alcohol has
been studied. It was found that acetone and propylene are the main products of the isopropyl
alcohol conversion reaction. Studies have shown that the activity of binary molybdenum-
vanadium oxide catalysts depends both on the reaction conditions and on the atomic ratio of
molybdenum to vanadium. It has been shown that molybdenum-vanadium oxide catalysts have a
sufficiently high activity in the reaction of propylene and acetone formation and can be used for
further modification in order to increase their catalytic activity.

Keywords: isopropyl alcohol, acetone, propylene, binary catalysts, molybdenum oxide,
vanadium oxide.

INTRODUCTION

For sustainable development in recent years, more and more attention of scientists
is turned to obtaining valuable chemical products from renewable raw materials. This is
because the use of renewable resources in industry leads to a decrease in emissions of
greenhouse gases and toxic substances into the environment, which helps to reduce the
negative impact of industry on the environment. It is known from the periodical
literature that the most promising renewable resources are ethanol, isopropanol and
butanol [1]. Isopropanol is an important feedstock for various chemicals and is used in
many industrial processes as solvents, oils, varnishes and cosmetics, or as an antiseptic
and disinfectant [2]. The conversion reaction of isopropyl alcohol can produce such
valuable compounds as propylene, acetone, etc. [3].

It is known from the periodical literature that binary and complex catalysts based
on vanadium and molybdenum oxides exhibit a high selectivity in the reactions of
conversion of organic compounds [4,5,6]. In this regard, in this work, we investigated
the activities of vanadium-molybdenum oxide catalysts of various compositions in the
conversion of isopropyl alcohol.

EXPERIMENTAL PART

Molybdenum-vanadium oxide catalysts of various compositions were prepared by
precipitation of aqueous solutions of ammonium molybdenum acid and ammonium
metavanadate. The resulting mixture was evaporated and dried at a temperature of 100-
110°C, then calcined at a temperature of 200-250°C until the complete release of
nitrogen oxides. After that, the obtained samples were calcined at a temperature of 600°
C for 10 hours. The catalytic activity of the synthesized samples was studied on a flow-
through unit with a tubular reactor in the temperature range 150-450°C. For this
purpose, 5 ml of catalyst with a grain size of 1-2 mm was loaded into the reactor and a
reaction mixture consisting of a mixture of isopropyl alcohol and water and nitrogen
was passed through the catalyst. The volumetric feed rate of the raw material was 1200
h™. The ratio of the starting reagents was alcohol: nitrogen: H,O = 1: 5: 4. Analysis of
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raw materials and reaction products was carried out by chromatographic method. The
analysis of condensed propylene, acetone, and isopropyl alcohol was carried out by
chromatography with a flame ionization detector using a column filled with a Celite
sorbent with 15000 polyethylene glycol phases deposited on its surface in an amount of
15%. C; -C3 hydrocarbons and carbon dioxide were analyzed on a chromatograph with
a thermal conductivity detector and a column length of 5 m. The stationary phase was
an ester of diethylene glycol and n-butyric acid deposited on an INZ-600 Insensky
brick.

RESULTS AND DISCUSSION

Studies have shown that the products of isopropyl alcohol conversion are
acetone and propylene. At high temperatures, a small amount of isopropyl alcohol
decomposition products is also observed. As an example, Figure 1 shows the results of a
study of the conversion of isopropyl alcohol on a catalyst Mo-V=1-9. As can be seen
from fig.1 the conversion of isopropyl alcohol on the studied catalyst begins at a
temperature of 150°C with the formation of 11.5% propylene. As the obtained data
show, the yield of the dehydration product of isopropyl alcohol, namely propylene,
passes through a maximum with an increase in the reaction temperature. Thus, the
highest propylene yield is observed at a temperature of 300°C and reaches 70.5%. The
formation of acetone on the studied sample begins at a temperature of 200°C (1.7%).
With an increase in the reaction temperature, the yield of acetone passes through a
maximum at 350°C.
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Fig.1. Influence of temperature on the yields of isopropyl alcohol
conversion products on the catalyst Mo-V = 1-9

As can be seen at this temperature, the acetone yield reaches 11.9%. The
formation of carbon dioxide, as seen from Figure 1, is observed at temperatures above
350°C and does not exceed 3.6%. The formation of carbon dioxide at high temperatures
is apparently due to oxygen oxidation of the catalyst lattice of the feedstock and or
reaction products. As can be seen from fig.1, the conversion of isopropyl alcohol on the
catalyst Mo-V = 1-9 reaches about 83.1%.
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Experiments have shown that the activity of molybdenum-vanadium oxide
catalysts in the conversion of isopropyl alcohol also strongly depends on the atomic
ratio of molybdenum to vanadium. Figure 2 shows the dependences of the yields of
isopropyl alcohol conversion products on the atomic ratio of molybdenum to vanadium

at a temperature of 250°C.
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Fig.2. Dependences of the yields of isopropyl alcohol conversion products
on the atomic ratio of molybdenum to vanadium. T =250°C

As can be seen from Fig. 2, with an increase in the atomic ratio of molybdenum to
vanadium, the propylene yield first decreases, reaching a minimum on the Mo-V = 3-7
sample and then begins to increase to 52.8% on the Mo-V = 6-4 sample, after which it
decreases again. As can be seen from Fig. 2, the dependence of the acetone yield with
an increase in the atomic ratio of molybdenum to vanadium has the form of a curve with
two maxima on the catalysts Mo-V = 3-7 and Mo-V = 7-3. Figure 2 also shows that the
dependence of the conversion of isopropyl alcohol on the atomic ratio of molybdenum
to vanadium has the same character as for the yield.

CONCLUSION

Studies have shown that propylene and acetone are the main products of the
isopropyl alcohol conversion reaction.

Molybdenum-vanadium oxide catalysts have a high activity in the reaction of
partial conversion of isopropyl alcohol, and they are promising for further modification
in order to increase their catalytic activity.
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AKTHBHOCTb MOJIMBJEH-BAHAJIUM OKCHUJIHBIX KATAJIU3ATOPOB
B PEAKIIMU TIPEBPAIIEHUSA N30ITPOIIMJIOBOT'O CITMPTA

H. U JIywoyposa
Aszepbatioscanckuii I'ocyoapcmeennviti Yuusepcumem Heghpmu u Ilpomwviunennocmu
nurlana.dushdurova@mail.ru

Uszyuena axmueHocmb Kamaausamopos HA OCHOGe OKCUOAd MOAUbOOeHa U 6anaous 8
npespaujeHul U30NPONUIN8020 CRUPMA. YCMAHOGIEHO, YMO OCHOGHbIMU NPOOYKMAMU PeaKyuu
npespaujenuss U3ONPONUNIOB8020 CNUPMA SGIIOMCS  ayemon u nponuien. Hccrnedosanus
NOKA34U, 4MO AKMUGHOCMb OUHAPHBIX KAMAIUZAMOPO8 HA OCHOBE OKCUOd MOAUOOeHd U
BAHAOUSL 3A6UCUM KAK OM YCAOSULL PEaKyuu, maxK u Om amomMHO20 OMHOUEHUST MOTUOOEeHA K
sanaduro. lloxazano, ymo Kamaiuzamopvl HaA OCHOBe OKCUOA MOAUbOOeHa-eanaous 00aadarm
00CMAmMoO4HO 8bICOKOU AKMUBHOCMBIO 68 PEaKyuu 00pa308aHUs NPONULEHA U AYeMOHA U MO2Ym
ObIMb UCNOB308AHBL 01 OANbHEUUel MOOUPDUKAYUU C YeTbI0 NOBLIUEHUS. UX KAMAIUMUu4ecKou
AKMUHOCMuU .

Knrouesvie cnosa: uzonponunogvlii cnupm, ayemow, NPONnuUieH, OUHAPHble KAMAIU3amopwl,
oKkcuo moauboena, OkKcuo 8aHaousl.

MOLIBDEN-VANADIUM OKSID KATALIiZATORLARIN iZOPROPIL
SPIRTIN CEVRILMOSI REAKSIYASINDA AKTIVLIYi

N.l.Dusdurova
Azarbaycan Doviat Neft va Sonaye Universiteti
nurlana.dushdurova@mail.ru

Molibden-vanadium oksid katalizatorlarimin izopropil spirtinin ¢evrilmasi reaksiyasinda
aktivliyi oyranilmisdir. Miiayyon edilmisdir ki izopropil spirtin ¢evrilma reaksiyasinin 2Sas
Mahsullart aseton vo propilendir. Aparilmis tadqgiqatlar géstormisdir ki binar molibden-
vanadium oksid katalizatorlarimin aktiviiyi ham reaksiya soraitindan, ham do molibdenin
vanadiuma atom nisbatindon asilidirlar. Miiayyon edilmisdir ki Molibden-vanadium oksid
katalizatorlar: propilen va aseton amoala galmasi reaksiyasinda kifayat qodar yiiksok aktivliya
malikdirlar vo onlarin katalitik aktivliyini artirmagq tictin alave modifikasiya ticiin istifads oluna
bilar.

Agar sézlar: izopropil spirti, aseton, propilen, binar katalizatorlar, molibden oksidi, vanadium
oksidi.
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SORPTION PROPERTIES OF RUTILE PHASE TiO2, NANOPARTICLES

S.R. Hajiyeva, E.M. Gadirova
Baku State University
elmina2010@mail.ru

There are many scientific studies on phenol adsorption. Sorption of phenol in the presence of
activated carbon, graphite oxide and other adsorbents is very common. This article is the first
to study the sorption properties of TiO-nanoparticles with a rutile phase; TiO, nanoparticles
with a rutile phase were synthesized by the sol-gel method and used as an adsorbent. Later the
process of adsorption of a 1 mgL™ phenol solution in the presence of rutile TiO, nanoparticles
was studied. The adsorption process lasted 2 hours at a temperature of 25°C.Although the rutile
TiO, phase is a very good photocatalyst it has been shown to be a weak adsorbent. Nano
crystalline TiO, particles of the rutile phase were characterized by powder X-ray diffraction
(XRD).The course of adsorption was studied on the device "Varian Cary 50". Based on the
curves plotted on the “Varian Cary 50" it was determined that adsorption was incomplete. At
the end of the process judging by the graph we can say that the amount of phenol in the solution
decreased but phenol still remained which indicates incomplete adsorption. Mathematical
modeling of the process has been developed using both logistic and exponential methods.
Keywords: nano-TiO,, phenol, adsorption, XRD, TEM.

INTRODUCTION

Phenol adsorption purification is one of the studies aimed at solving
environmental problems. Adsorption purification of water from phenol is the most
important chemical direction, since sorption purification is widespread. According to
the literature adsorption processes in the presence of TiO2 are known [1].Sources also
contain information on adsorption by titanium oxide. The use of TiO, as an adsorbent
with photocatalytic properties offers many advantages: TiO2 is chemically and
thermally stable. TiO2 which has a photocatalytic effect is widely used to remove toxic
substances from various materials. For example, in countries such as Japan and China
TiO; is added to concrete reinforcement and wall masonry in closed tunnels to purify
the air from nitrogen gases [2].

The use of photocatalysis for the purification of waste water from organic
micropollutants is an interesting alternative and in recent years has attracted great
interest from many researchers. The stage of adsorption of micropollutants on a
photocatalyst, mainly of the anatase form of titanium oxide is a decisive stage in the
photodegradation process.An experimental study of the adsorption of phenol selected as
a model pollutant on a photocatalyst titanium oxide anatase (Degussa P25) is presented.
The amount of adsorbed phenol was measured by UV spectroscopy. The equilibrium of
adsorption was reached after 1 h; the adsorption kinetics was slow and obeyed the
Lagergren model. Adsorption is a single layer chemisorption and follows the Langmuir
model. The study also showed the advantage of operating at high stirring speeds and
natural pH. Stirring with ultrasound leads to a slight increase in the amount of adsorbed
phenol (5%) since this mixing mode reduces the phenomenon of agglomeration of
titanium oxide particles and, therefore, increases the catalyst interface area [3].

There are various methods of phenol adsorption[4-7].New composite materials
have been developed by impregnating Al203/TiO: cellulose cotton materials and these
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composites are widely used for the treatment of toxic solutions[8,9].Cotton is a very
good absorbent and absorbs the solution therefore toxic substances in the solution are
absorbed together with the solution [10-12]. It has been found that this method can
remove any toxic substance from the system. The adsorption of phenol by graphite
oxide nanoparticles and activated carbon was also studied [13]. For this purpose,
graphite oxide (GO) has recently been used. GO is a graphite oxidation product having
a group of carbonyl and carboxyl groups. as well as epoxy and hydroxyl groups at the
edges of its layers [14-16].GO is a very valuable membrane material due to its low cost
and ease of production, good chemical stability, mechanical strength, and high ability to
remove pollutants [17,18].Studies have shown that GO membrane has very good ionic
and molecular selectivity and water permeability[19].The use of GO/Al>O3s composite
membranes for water purification is a subject of growing research interest due to the
simple and effective approach they support. On this composite obtained, it was possible
to purify phenol from wastewater to 99.9% .There are also articles on the role of TiO> in
wastewater treatment [20].

EXPERIMENTAL PART

The process was carried out at room temperature and used TiO2 with the
modification of rutile. The adsorption process continued for two hours with periodic
stirring. In this case, 0.05 g of TiO2 and 20 ml of a 1 mgL™ phenol solution were taken
and the process was carried out at a temperature of 25°C.We studied the adsorption
properties of TiO2 nanoparticles with a complete rutile phase. TiO2 nanoparticles were
obtained by the sol-gel method. TiO> nanoparticles were analyzed by TEM, SEM, XRD
methods (fig.1,2).TiO. nanoparticles are spherical with sizes ranging from 10 to 30 nm.
SEM and TEM analysis data correlate well with the results obtained by X-ray
diffraction (XRD)analysis.

WD 4.Smm

Fig.2. SEM analysis of TiO. nanoparticles
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The purity and crystalline properties of TiO2 nanoparticles were studied by
powder X-ray diffraction. The graphs of X-ray structural analysis of the studied
nanocomposite materials were recorded on a Rigaku Mini Flex 600 powder
diffractometer. An X-ray tube with a copper anode (Cu-K a-radiation, 30 kV and mA)
was used to draw diffraction spectra at room temperature. At 26 = 20 ° -80 ° with a
discrete growth mode, these spectra were obtained as 20 = 0.05 ° and the exposure time
was T =5 seconds.
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Fig. 3. XRD analysis of TiO2 nanoparticles

In this work, TiO. nanoparticles were used to remove phenol from waste water.
For this a solution (5 ml) of 0.05 g of TiO2 in 10 ml of distilled water was prepared. The
nanoparticles were completely mixed in the presence of X-ray radiation for a uniform
discharge in distilled water. The resulting TiO. was used to absorb a phenol solution
with a concentration of 1 mgL™. A mixture of 5 ml of a rutile TiO, composite with 20
ml of a 1 mgL™? phenol solution was absorbed for 2 hours at a temperature of 25°C.
Based on the curves obtained, it was established that adsorption is slow. The process
was investigated on a “Varian Cary 50” device.

RESULTS AND DISCUSSION

The graph below shows the dependence of the absorption coefficient of a solution of
phenol with a concentration of 1 mgL™on the wavelength (fig.4). No adsorption
occurred during the process; therefore curves compatible with phenol were obtained in
the 270 nm area.

0 -
200 300 400 500 600 700 800
Wavelength (nm)

Fig.4. Graph before adsorption of phenol solution 1 mgL™*
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As can be seen in Graph 1 the curves obtained for phenol were recorded at 200-
300 nm. It is also known from the literature that the curve obtained at a wavelength of
270 nanometers corresponds to the curve of phenol.
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Fig.5. After absorption of phenol nanoparticles 1 mgL™? + TiO;

After two hours of adsorption, the phenol solution was filtered. This solution was
then transferred to a “Varian Cary 50 spectrophotometer. In this case, the curves
corresponding to phenol (270 nm) were again observed, however, according to the
measurements in the graph a decrease in the degree of phenol (30%) in the solution was
observed which indicates a weak adsorption. After 60 minutes of the process the
adsorption curves practically do not change which is associated with the capture of the
surface of TiO2 nanoparticles due to chemisorption. Consequently adsorption occurs
over a period of time and then stops. The following graph compares the adsorption
curves for 30, 60, 90 and 120 minutes (fig.6).
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Fig.6. Comparison of phenol adsorption curves in the presence of TiO;

As can be seen from fig.3 the curve for phenol declined from top to bottom but
was still observed. This indicates that the adsorption started within a certain period of
time after which the adsorption stopped. It is believed that this is accompanied by
chemisorption and aggregation of nanoparticles.

The mathematical model of the adsorption process is based on two methods:
exponential and logistic. In both models a relationship was found between the amount
of adsorbent and the total duration of the adsorption process.

I. Exponential model:

The following table is calculated by adding various amounts of nanoparticles with
a TiO2 concentration (0.02; 0.03; 0.05 grams) to a 1 mgL phenol solution and the time
required for complete adsorption of phenol in the process.
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Changes of the amount of TiO over time

Time(hour) TiO2(gr)
2.58 0.02
2.17 0.03

2 0.05

Fig.7. Dependence of phenol adsorption time on the amount of TiO>
nanoparticles(l model)

The resulting geometric formula between the amount of adsorbent and the
duration of the process is as follows:
(TiOz+...) =Y=0.82¢ 146
I1. Logistic model:
The time required to completely remove phenol from a 1 mgL™* solution with
added TiO; is shown in the table below.

Table 2
Changes of the amount of TiO over time
Time(hour) TiO2(gr)
2.58 0.02
2.17 0.03
2 0.05
@

0 05 1 158 2 25

Fig.8. Dependence of phenol adsorption time on the amount of TiO>
nanoparticles (Iimodel)

35 4 45 5

According to the model the following formula shows the relationship between the
amount of adsorbent and the duration of the adsorption process:
(TiOz+...)=Y=1.5/ 1+0.43e%0"
Thus both models of the adsorption process under consideration make it possible
to determine in advance the duration of phenol adsorption with various amounts of TiO»
adsorbent.
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CONCLUSION

Crystalline TiO2 nanoparticles of the rutile phase were characterized by XRD.

The size of the nanoparticles determined by TEM, SEM analysis, was about 10-30
nm.

Experiments have shown that TiO, nanoparticles with a rutile phase are a weak
adsorbent.

The course of adsorption was studied on the device "Varian Cary 50".

Mathematical models of the adsorption process are based on two methods:
exponential and logistic models.
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COPBIIMOHHBIE CBOMCTBA HAHOYACTHMI] TiO; PYTUJILHOM ®A3bI

C.P. I'aoxcuesa,3.M.Kaoviposa
bakunckuii ['ocyoapcmeennvlii Yuusepcumem
elmina2010@mail.ru

Cywecmsyem MHO*CECMBO HAYUHBIX UCCTIe008aHUll no adcopboyuu genona. Ilpoyeccol copbyuu
genona 8 npucymcmeuu axmusuUpo8aHHo20 yens, okcuda epaguma u opyeux aocopbeHmos
ouenb pacnpocmpanenvl. B Haweli cmamve enepevle uccnedoganvl copOYUOHHBIE CEOLCMBA
nanouacmuy TiO; ¢ pymunosoi ¢hazoui;, nanowacmuyvl TiO2 ¢ ¢hazoti pymuna 6Oviiu
CUHME3UPOBAHDL 30/1b-2e/le8bIM MEMOOOM U UCHOTIb308AHbL 8 Kauecmee adcopbenma. Hzyuen
npoyecc aocopboyuu pacmeopa ¢enona 1 me/n 6 npucymcemeuu nanovyacmuy TiO.. Ilpoyecc
aocopoyuu onunca 2 yaca npu memnepamype 25°C. Xomsa pymunosas ¢gasa TiO, asnsiemca
OYEHb XOPOWUM (POMOKAMATUIAMOPOM, ObLIO NOKA3AHO, YMO OHA AGIAEMCs  ClaObIM
aocopbenmom. Hanoxpucmannuueckue uacmuywr TiO2 pymunosou gazvt oxapakmepusosaivl
MemoooM Nopouikogol penmeenosckou ougpaxkyuu (XRD). Ha npubope «Varian Cary 50»
usyyen x00 aocopoyuu. Ha ocnosanuu kpugvlx, nocmpoenuvix Ha npubope «Varian Cary 50»
OvL10 onpedenero, ymo adcopbyus oviia Henoarou. Ilo okonuanuu npoyecca cyos no epaghuxy,
MOJICHO CKA3AMb, YMO KOIUYECNBO (EHONA 8 PACMEOPE YMEHbUULOCh, HO (DEHOT elje OCMACS,
4mo ceudemenbCmeyem o0 HenoaHou aocopoyuu. Paspabomano mamemamuueckoe mooenuposa-
Hue npoyecca Kax J0SUCMUYeCKUM, MAaK U IKCNOHEHYUAIbHLIM MemOOaMu.

Knrouesvie cnosa: nano-TiO,, penon, aocopoyus, IPU, TOM.

RUTIL FAZALI TiO, NANOHISSOCIKLORIN SORBSIiYA XUSUSIYYOTLORI

S.R. Haciyeva, E. M. Qadirova
Baki Doviat Universiteti
elmina2010@mail.ru

Fenolun adsorbsiyasi ilo bagl bir ¢cox elmi islor vardwr. Aktiviasdirilmis karbon, qrafit oksid va
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digar adsorbentlorin istirakinda fenolun sorbsiyasi ilo bagl elmi islor ¢ox yayilmisdir.
Maqalada ilk dafa rutil fazali TiO, nanohissaciklarin sorbsiya xtsusiyyatlarine baxilmigdir. Rutil
fazali TiO, nanohissaciklar sol-gel Usulu ilo sintez edilmis vo prosesda adsorbent kimi istifada
edilmigdir.Daha sonra rutil fazali TiO, nanohissaciklorinin istiraki ilo 1 mgL-1 fenol
mahlulunun adsorbsiya prosesi Oyranilmisdir. Adsorbsiya prosesi 25°C temperaturda 2 saat
davam etmisdir.Rutil fazaya malik TiOz-nin ¢ox yaxsi fotokatalizator olmasina baxmayaraq,zaif
adsorbent olmas: dyronilmigdir. Rutil fazali kristal TiO» nanohissaciklarnin tozu rentgen
qurulug difraksiyast metodu ila(XRD) ilo xarakterizo olunmus, "Varian Cary 50" cihazinda
adsorbsiyamin gedisati dyronilmisdir."Varian Cary 50" cihazinda qurulan ayrilora 2sasan
adsorbsiyanin natamam getmaSi miayyon edilmisdir.Alinan qrafika 2sason demak olar
ki,prosesdan sonra mahlulda galan fenolun migdar: azalmus, lakin tam yox olmamisdir,bu isa
natamam adsorbsiyanin getmasindan Xxabar verir.Prosesin riyazi modellagmasi ham logistik,
ham da eksponensial metoddan istifada etmakla tortib edilmisdir.

Acar sozlar: nano-TiO., fenol, adsorbsiya, XRD, TEM.

84
WWW.ajCnews.org



AJCN, Vol 3, No. 3, 2021, pp. 85-92

UDC: 661.721.4
SYNTHESIS AND STUDY OF MESOPOROUS TiTANIUM-SILICATE
CATALYSTS

R.0.Majidov, M.M.Agahuseynova

Azerbaijan State Oil and Industry University
Ramin_86-86@mail.ru

The paper presents the results of studies on the development of synthesis methods and study of
the properties of a catalyst based on titanium silicalite for the synthesis of MEK-
methylethylketone. Samples of titanium silicalite were synthesized with different ratios of the
starting reagents - tetraethoxysilane and tetrabutoxysilane. Tetra-n-propyl ammonium
hydroxide was used as a structure-forming agent. The data of IR spectroscopy and powder X-
ray diffraction made it possible to establish the effect of the amount of the structure-forming
agent on both the structure and morphology of the titanium silicalite obtained. The main
product is a mixture of TiO2 and amorphous SiO.. The dependence of the average particle size
on the initial ratio of the initial reagents is established: with an increase in the initial molar
ratio of the reactants, a change in the size of the catalyst particles is observed. The main
indicators of the catalytic activity of the catalyst samples obtained at different initial ratios of
reagents are compared. The carried out physicochemical studies on the synthesis of titanium
silicalite made it possible to establish the composition that provides the maximum selectivity for
the formation of methylethylketone.

Keywords: methylethylketone, mesoporous titanium-silicate catalyst, catalytic activity.

INTRODUCTION

Methylethylketone (MEK) is a chemical homologue of acetone. Prossessing a
number of valuable properties, it is widely used in various fields of industry.

Due to the extremely high dissolving power, methylethylketone-MEK finds wide
industrial application [1]. It is used in the production of polyurethane varnishes for
covering magnetic tapes of computers, audio and video cassettes, is the best dewaxing
agent for lubricating oils, ensuring their frost resistance, is a solvent in the production of
foams, various paints, epoxy resins, polyvinyl chloride, artificial leather, serves as the
basis for printing inks. It is used to obtain rubber antioxidants, to plasticize
nitrocellulose derivatives used in the production of smokeless propellants, and also
finds application as a solvent for film coatings of tablets and capsules of drugs, as a
reagent and extractant in many pharmaceutical industries.

Annual world production of MEK in 2020 was at the level of 1.8 million tons,
with about 30% of production concentrated in Central Europe. At present, the MEK is
not produced in Azerbaijan and all the need for it is satisfied by imports. The lack of
own production of MEK is explained by the lack of an effective way to obtain it. The
importance of MEK as a solvent, given its widespread use in various industries, does
not raise any questions, and the development of effective methods for its preparation is
a very urgent task.

Analysis of the data on the use of MEK showed that each area of use of the MEK
presents specific requirements for the quality of the product. So in the production of
audio, video cassettes, in the perfume industry, high purity MEK is required.

When MEK is used in the oil refining and petrochemical industry at oil dewaxing
and paraffin deoiling units, the requirements for product purity are somewhat lower.
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Titanium silicalite (TS-1) is of particular interest as a possible catalyst for the
MEK synthesis. The promising nature of its use is evidenced, in particular, by the
development and industrial implementation in recent years of a number of new large-
scale organic synthesis processes.

This work is devoted to the development of a new method for obtaining MEK by
liquid-phase oxidation of n-butane with aqueous solutions of hydrogen peroxide on a
heterogeneous titanium-silicalite catalyst.

EXPERIMENTAL PART

Tetraethoxysilane (TEOS) of reagent grade grade, tetrabutoxytitanium (TBOT) of
reagent grade grade were used as a starting material for the production of titanium
silicalite, and tetra-n-propylammonium hydroxide (TPAG) of reagent grade grade was
used as a structuring agent.

Methylethylketone synthesis was carried out on a laboratory setup shown in fig. 1.
An empty n-butane dispenser (1) is weighed on an analytical balance. After that, the
dispenser (1) is connected to a cylinder with n-butane, it is filled, and weighed again.
By the difference in weights, the mass of n-butane in the dispenser is determined. Based
on the obtained mass of n-butane, the load of the main components (solvent, hydrogen
peroxide and catalyst) is calculated. The solvent, hydrogen peroxide and catalyst are
charged into a jacketed batch reactor (8). The reactor is closed with a lid and connected
to a pressure gauge (2).

After evacuation, a dispenser (1) is connected to the reactor and n-butane is
squeezed into the reactor through a fine adjustment valve (5). The batcher is weighed
and the exact weighed portion of n-butane loaded into the reactor is found by the
difference in weights.

The magnetic stirrer (3) is turned on and the heat carrier is fed into the jacket from
the thermostat. From the moment of the beginning of thermostating, the time of the
beginning of the experiment is recorded. At regular intervals, samples are taken for
analysis for the content of methyl ethyl ketone and hydrogen peroxide.

Sampling from the reactor is carried out into specially prepared ampoules through
a steel capillary. ~ 10 ml of an aqueous solution of methanol is poured into ampoules
for analysis for methyl ethyl ketone, and for analysis for hydrogen peroxide - 10 ml of
"glacial™ acetic acid.

The samples taken are analyzed for methyl ethyl ketone content (chromatographic
analysis) and for hydrogen peroxide content (iodometric titration).

2
4
= to the vacuum line
5 L
Sample selection g |

—— c—
from thermostat

—_—
to the thermostat

8

to the ballon

Fig.1. MEK synthesis plant 1 dispenser; 2-pressure gauge; 3-magnetic
stirrer; 4,5,6,7-regulating valve; 8-reactor.

86
WWW.ajcnews.org



Method for the determination of hydrogen peroxide

Determination of hydrogen peroxide is carried out iodometrically using starch as
an indicator:

H202 + 2KJ + 2CH3COOH=----> 2H,0 + J; + 2CH3COOK,
Jo + 2NaxS;03=-----> NayS40¢ + 2Nal

A sample of the analyte is placed in two flasks with a capacity of 250 ml. The
mass of the sample is determined by the difference between the weights of the flask
with the sample and the void. Weighing is carried out on an analytical balance with an
accuracy of 0.0002 g. 10 ml of glacial acetic acid and 2 ml of a 50% aqueous solution of
potassium iodide were added to the weighed portions. The samples are kept in the dark
for 20 min and titrated with a standard aqueous solution of sodium thiosulfate (0.1 N)
using a freshly prepared starch solution. A blank experiment is carried out in parallel.

The H20> content (wt.%) is calculated by the formula

Xn202= (1.70-(V-Vx) K C)/g

where 1.70 = 34.0-100 / (2-1000) is a complex of constants, including the molecular
weight of H20. (34.0), the equivalence factor (2), the coefficient of reduction of the
sample of the analyte to 100 g, and the conversion factor cm? to liters (1000 ), hl / cm?,
From two parallel determinations, the average H>O- content is found.

V - is the volume of sodium thiosulfate used for titration of a sample of the
studied mixture, ml.;

Vy is the volume of sodium thiosulfate used for titration of a blank sample, ml;

C-normality of a standard sodium thiosulfate solution, g-eq/ |,

K-correction to the normality of sodium thiosulfate solution;

g- is the mass of the analyte, g.

The discrepancy between the results of parallel determinations does not exceed
0.5%.

Gas chromatographic analysis technique

Gas chromatographic analysis was performed on an "JIXM-8M/I" chromatograph
with a stainless steel column (2 m x 3 mm). Polysorb-1 was used as a sorbent. Flame
ionization detector. The operating mode of the device and the retention times of
substances are shown in table 1.

Table 1
Chromatograph operating mode
Parameter Parameter value

Column oven temperature,® C 140
Evaporator temperature, °C 170

Carrier gas consumption (N2), cm® / min 35

Air consumption, cm® / min 300
Hydrogen consumption, cm® / min 30
Retention time of substances, s -

Butane 5

Methanol 50
Methylethylketone 300

Methods for studying the structure and morphology of titanium silicalite
To characterize the structure and morphology of the obtained catalyst samples, we
used IR spectroscopy, powder X-ray diffraction, and electron microscopy.
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IR spectra of the samples were recorded in air at room temperature on a Perkin-
Elmer 221 spectrometer in KBr tablets in the range of 400-4000 cm-1.

X-ray diffraction patterns were taken on a Shimadzu LAB XRD-6000
diffractometer (Cu-KA, Ni-filter, voltage 30 kV, current 30 mA) with continuous
rotation of the uvette with the sample. The counter movement speed was 2 deg™, the
diffraction patterns were recorded in the angle range 20 = 5-80 °. Compounds were
identified using a PDF-4 file.

Examination of the outer surface was carried out using a Hitachi S-2500 electron
microscope. A layer of gold was previously deposited on the particles under study using
a vacuum setup to eliminate the appearance of a surface charge and protect them from
thermal destruction during the scanning process. The range of investigated
magnifications is 50-65000 times. Static studies were carried out using the Origin Pro
7.0 software, based on images of at least 250 particles.

Method for determining the titanium content in titanium silicalite

Silicon was removed by treating a titanium silicalite sample with hydrofluoric acid
followed by calcining. The residue was taken up in solution by fusion with potassium
sulphate and dissolving in water. In the resulting solution, titanium was determined by a
method based on the formation of a yellow-colored complex compound of titanium with
diantipyrylmethane in a hydrochloric acid medium and measuring the light absorption
of the resulting solution at a wavelength A = 395 nm.

RESULTS AND DISCUSSION

To assess the effect of the TBOT / TEOS ratio, a series of experiments was
carried out at different molar ratios of the TEOS: TBOT: TPAG: H.O = 1: (0.02, 0.04,
0.06, 0.08): 0.5: 25, which corresponds to the theoretical TiO, content, wt% ... 2.60,
5.06, 7.41, 9.64 respectively. The reaction takes place with stirring and heating to
170°C. After cooling the resulting titanium silicalite suspension, the solid obtained from
the strongly basic mother liquor still containing TPAG was washed with water to pH =
7-8, dried for 12 hours at 120°C, and then calcined in air at 550°C for 6 hours in a
muffle furnace.

It should be noted that the initial molar ratio of TBOT-TEOS has a significant
effect on the obtained samples of titanium silicalite. At a low initial content of TBOT
(TBOT / TEOS = 0.01) in the initial gel, TiO2 is quantitatively incorporated into the
structure in a tetracoordinated state. An increase in the TBOT-TEQS ratio in the gel
above 0.02 does not lead to an increase in its content in the crystal lattice of the
samples. In fig. 2 shows the dependence of the ratio of the intensities of the bands 960
cm? (Ti-O-Si) and 550 cm™ (Si-O-Si) on the initial content of TiO2, showing the degree
of inclusion of TiO: in the crystal lattice of titanium silicalite.

Excess TiO2 is not included in the zeolite structure and remains in an amorphous
form (anatase). Amorphous TiO> (anatase) blocks the pores of titanium silicalite and
catalyzes the decomposition reaction of hydrogen peroxide. This theory is in good
agreement with the results obtained when testing samples. Thus, the dependence of the
selectivity of the formation of MEK on the molar ratio has an extreme character with a
maximum at the ratio of TBOT / TEOS = 0.02 (2.60% TiO2). With an increase in the
TBOT / TEOS ratio from 0.04 (5.06% TiO2) to 0.08 (9.64% TiO), a significant
decrease in the yield and initial rate of MEK formation is observed. The dependence of
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the main parameters of the process is shown in fig. 3
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Fig.2. Dependence of the ratio of the integrated intensities of the 960 and
550 cm* bands on the initial TiO content.
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Fig.3. Influence of TiO2 content% wt. on the main parameters of the
process: m-degree of conversion of hydrogen peroxide; o-yield of
methylethylketone; e-initial rate of methyl ethyl ketone formation

Analysis of kinetic curves for the accumulation of MEK, obtained using samples
of titanium silicalite with different titanium content, shows that the optimal molar ratio
of TBOT / TEOS = 0.02 provides the maximum selectivity of MEK formation.

Study of the influence of the TPAG / TEOS ratio

As shown by the data of IR spectroscopy and powder X-ray diffraction, the use of
different amounts of a structure-forming agent (TPAG) has a key effect on both the
structure and morphology of the titanium silicalite obtained. So, when the molar ratio
TPAG / TEOS is less than 0.0833, the formation of titanium silicalite is not observed at
all. Apparently, at this molar ratio, the minimum concentration of the structure-forming
agent is not reached, at which the assembly of the regular structure of the zeolite is
possible. According to IR spectroscopy data, when the TPAG / TEQOS ratio is less than
0.0833, the main product is a mixture of TiO> (anatase) and amorphous SiO> (fig. 4)
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Fig.4. IR spectra of anatase (1) and catalyst samples obtained at an initial
molar ratio TPAG / TEOS = 0.0833 (2).

Powder X-ray diffraction of the samples also showed the appearance of anatase
peaks on the X-ray diffraction pattern (fig. 5).
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Fig. 5. X-ray diffraction patterns of a catalyst sample obtained with an
initial molar ratio TPAG / TEOS = 0.0833
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Fig.6. Dependence of the average particle size on the initial TPAG /
TEOS ratio

A comparison of the main indicators of the catalytic activity of catalyst samples
obtained at different initial molar ratios is shown in fig.6. At the initial molar ratio
TPAG / TEOS = 0.083, no MEK formation is observed. The insignificant degree of PV
conversion is explained by the formation of a stable complex of anatase with PV. With
a further increase in the ratio from 0.125 to 0.5, the MEK vyield and the degree of PV
conversion remain practically constant (40 and 93%, respectively). An increase in the
initial rate of formation of MEK is explained by an increase in the total specific surface
area of the catalyst.
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Thus, the studies carried out on the synthesis of titanium silicalite with different
molar ratios TPAG / TEOS show that the TPAG / TEOS ratio = 0.5 provides the
maximum selectivity of the formation of MEK.

CONCLUSION

A procedure has been developed for the synthesis of a mesoporous catalyst based
on titanium silicalite for the production of methylethylketone by liquid-phase oxidation
of N-butane with hydrogen peroxide

The physicochemical and catalytic properties of the synthesized catalyst have
been studied. The optimal ratio of the initial reagents and the structuring agent was
chosen, which ensure the maximum selectivity of the formation of MEK.
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CUHTE3 U UCCJIEJOBAHUE ME3OINOPUCTBIX TUTAH-CUJIMKATHBIX
KATAJIM3ATOPOB
P. O. Maoorcuoos, M. M. Aeacycetinosa

Aszepbatioxcanckuii I'ocyoapcmeennviti Ynueepcumem Hegpmu u Ilpomviuinennocmu
Ramin_86-86@mail.ru

B pabome npugedenvi pesyrvmamvl UCCIEO08AHULL NO pPA3pabOmKe Memooo8 CuHmesd u
UBVYEHUsL CBOUCME KAMAIU3AMOPA HA OCHO8E CUNUKAIUMA MUMAHA ONsl NPoyecca CUHmesa
MOK-memunsmunrkemona. Cunmesuposanvl 06pazyvl CULUKATUMOE MUMAHA C PA3TUYHBIM
COOMHOWEHUEM UCXOOHBIX PEedeHmos - Mempa’smoKCUCUIana u mempadymoxcucuiana. B
Kauecmee — CmMpYKmypooopasylowezo — deeHma — UCHONb308ANU  UOPOKCUO — mempa-H-
nponunammonus. Jannvie HK-cnekmpockonuu u nopowKkosoi peHmeeHopaguu no380auu
VCMAHOBUMb GIUSIHUE KOIUYECMEd CIMPYKMYPooOpA3yioue2o a2enma KaxK Ha CmpyKmypy, mak u
Ha Mopgonozuro noryuaemoo curukaiuma mumanda. OCHOBHbIM NPOOYKMOM SGISAEMCsL CMeCh
TiO2 u amopgpnoco SiO>. Vemanoenena 3asucumocms cpedHe20 pasmepa 4acmuy om
HAYAIbHO20 COOMHOUWEHUSI UCXOOHBIX DPEAceHMOos: C YEeIUYCHUEM HAYAIbHO20 MOJIbHOSO
COOMHOWEHUSI peaceHmbl HAONIOOAeMcss U3MEHeHUe pasmMepos Hacmuy Kamaiuzamopd.
CpasHenbl 0CHOBHbIE NOKA3AMENU KAMAIUMU4ecKol aKkmusHOCmu o0pasyos Kamauiuzamopa,
NOJYYEHHO20 NPU PA3IUYHOM HAYAIbHOM COOMHOWEeHUU peacenmos. IIposedennvie usuxo-
XuMuyeckue Uccie008anus No CUHmMe3y CUIUKAIUMA MUMana no3601UlU YCMAHOSUMb COCMASE,
0becneuusaruull MaKkCUMAaIbHYIO CEeLeKMUBHOCMb 00PA3068AHUSL MEMUIIMUIKEMONA.
Kniouesvie cnosa: memunsmuikemon, Me30NOPUCbLIL MUMAH-CUTUKAMHBIL KAMAIU3amop,
Kamaaumu4ecKkas akmugHoCnb.

MEZOMOSOMOLI TITAN-SILIKAT KATALIZATORLARIN SINTEZi VO
TODQIQI
R.O. Macidov, M.M.Agahiiseynova
Azarbaycan Dovlat Neft va Sonaye Universiteti
Ramin_86-86@mail.ru

Moaqalada sintez metodlarimin inkisafi vo MEK-metiletilketonun sintezi Ggun titan silikalito
asaslanan katalizatorun xtsusiyyatlarinin dyranilmasi Uzra tadgiqatlarin naticalari taqdim
olunur. Titan silikalit nimunalari baslangic reaktiviorin - tetraetoksisilan va tetrabutoksisilanin
muxtalif nisbatlori ilo sintez edilmisdir. Struktur amoalogatirici kimi tetra-n-propilammonium
hidroksid agentindan istifado edilmisdir. IK spektroskopiva va toz rentgenografiyasinin
Malumatlary, struktur amoalagatirici agentin miqgdarimin ham alinan titan silikalitin qurulusuna,
ham do morfologiyasina tasirini tayin etmaya imkan verdi. Osas mahsul TiOz va amorf SiO;
qarisigidir. Orta hissaciklarin 6lgustnin ilkin reaktivlorin ilkin nisbatindon asililigi miiayyan
edilmisdir: reaktivlorin ilkin molar nisbatinin artmas: il> katalizator hissaciklorinin 6lciisinda
doyisiklik miisahido olunur. Reaktivlorin muxtalif ilkin nisbatindo alinmis  katalizator
nimunalarinin katalitik aktivliyinin asas gostoricilori miqayisa olunmusdur. Titan silikalitinin
sintezi Uzra aparilmis fiziki-Kimyavi tadgiqatlar, metiletilketonun formalasmaswun maksimal
selektivliyini tomin edan tarkibin yaradilmasina imkan vermisdir.

Acar sozlar: metiletilketon, mezo masamoli titan-silikat katalizatoru, katalitik aktivlik.
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UDC: 541.15
CALCULATION PERCENTAGE OF ELECTRONS EMISSION FROM
BERYLLIUM OXIDE SURFACE INTO WATER, IN BEO/H20 SYSTEM
UNDER THE EFFECT OF IONIZING RADIATION

N.K. Abbasova
Baku State University
ramazanova.abbasova.nermin@gmail.com

Influence of y-quanta through BeO/H,O system formed unbalanced energy carries: electron-
positive ion pairs, electron- excitement situation, various radiation defects. The used of onefold
collision methods and stepping Monte-Karlo, a base of Mathcad programs physical (10-°-10-
12 sec) and physicochemical (10!-10 sec) stages ,calculated formation of radiation-chemical
yields of electron-positive ion pairs and electron- ecxitement situation. Formation of
Solid/liquid systems energy carriers inside of solids, between solids and the liquid, inside of a
liquid, plays an important role occurring physical, physicochemical, and chemical process.
Observed formation of a hole inside of solids and emission to the surface, electrons to the
surface, and from the surface to the inside of the liquid. Electrons that influenced emission
inside of a liquid gradually lost kinetics energy to transform thermal electrons occurs in
solvation and radioliz of water.

Keywords: y-quanta, energy carries, BeO/H,O system, radioliz of water, radiation-chemical
yield.

INTRODUCTION

Recently, in various research studies, the action of ionizing radiation (y-quants,
electrons, protons, neutrons, a-particles, high-energy ions, etc.) in contact with metal or
metal oxides of different particle sizes of liquids, especially water-borne products the
sharp dependence of radiation-chemical emission on particle size was observed [1-11].
This effect is especially pronounced in nano- and micro-sized substances. For example,
the radiochemical yield of molecular hydrogen from the radiolysis of water adsorbed on
the surface of nano-ZrO- is higher than that of other metal oxides [1,2]. On the other
hand, H.-radiation-chemical output was obtained greater. It has been suggested that this
increase in molecular hydrogen obtained from the radiolysis of water in suspension
systems may be due to the emission of energy-carrying electrons inside the silicate [3,4]
into the liquid phase, water under the influence of radiation [3]. During the radiolysis
process on the nano-sized silicate surface of water, as the pores shrink, the OH output
[5] decreases, while the Hz and H20 emissions [6] increase.

Ouerdane H. [7] and other authors using the Monte Carlo method to model holes
in the amorphous nano-BeO system suspended in water under the influence of ionizing
radiation, holes migrating to the interfacial boundary in the physical and
physicochemical stages of the process, and radiation-chemical emissions of electrons
emitted into the water, made calculations. It was found that the emission of electrons
emitted into water varies depending on the size of the nanoparticle and the degree of
porosity [7]. These results coincide with the results obtained from experiments [8].

Electron emission from oxides into water under the influence of ionizing radiation
in the system of various nano-sized oxides (SiO2, ZnO, AlOs, Nd203 Sm,03)
suspended in water has been determined [9]. The spectrum of electrons oscillating in
water proves that it does not change in the picosecond-nanosecond range, and a strong
difference is obtained in the nanosecond-microsecond range.
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Obtaining molecular hydrogen from the transformation of water under the
influence of y-quanta and “He ions with an energy of 5 MeV in the SiC (a-phase, B-
phase) nanoparticle / water system has been studied [10]. The research was carried out
in two ways: 1) adsorption of water, 2) suspension of SiC in water. Spectroscopic
analysis has shown that under the influence of radiation, the a-phase changes to the -
phase, and on the surface of SiC occurs the oxidation of silicon, ie SiO, and the release
of hydrogen in the suspension system is large.

The time-dependent release of electrons liberated under the influence of y-quanta
with a pulse of 20 ns on the suspension of glass nanoparticles of different porosity (1-
57 nm) [11]. It has been found that the emission of electrons in the pores of a 1 nm
particle is twice as high as that of pure water. This proves that some of the electrons
formed inside the solid under the influence of radiation are emitted from the surface of
the solid into the liquid phase.

Unbalanced energy carriers formed under the influence of y-quanta: electron-
positive ion pairs and electron-excitation states (excitons) occur with equal probability
in the whole volume within a homogeneous medium. In the absence of an external
electric field, energy carriers are transported with the same probability in all directions.
Some of the electrons migrating to the surface are also emitted from the surface into the
liquid phase.

Given the above, the process of radiolysis of water in suspended heterogeneous
systems can be divided into three parts:

* Homogeneous radiolysis of pure water;

» Heterogeneous radiolysis of water adsorbed on the surface of a solid;

* The surface of a nanoparticle depends on the volume of the working phase,
where energy carriers (electrons, ions and excitons) formed by radiation can diffuse and
pass through the surface to the water and participate in the decomposition of water.

EXPERIMENTAL PART

For the experiment, distilled water was used as the objects of study, and the BeO
catalyst was used as a solid for the radiation-catalytic processes of water
decomposition.We took high-purity beryllium oxide. Pre-heat treated and purified from
impurities Then it was added to ampoules with a volume of 19 ml, then 5 ml of water
was added thereto. We cleaned the water from the air. After which beryllium oxide of
various weights and sizes was added here. Then the ampoule was sealed. This entire
process was carried out in a vacuum adsorption unit. Then these ampoules were
subjected to y-radiation (®°Co, P = 19.05 rad / san, T = 300K). Then the composition of
this ampoule after irradiation was studied. The effect of mass and measurement effects
on the amount, rate of formation and radiation-chemical output of molecular hydrogen
formed by the process of radiolysis of water under the influence of y-quanta (°Co, P =
19.05 rad / sec, T = 300K) was studied. The results of the presented work were obtained
using high-precision and sensitive gas chromatographs "Agilent-7890" and "Color-102",
IR-spectrophotometer, EPR-spectrometer, physicochemical and chemical analysis
methods. Theoretical studies using Monte Carlo, step, single-collision methods, the
trajectories of electrons formed under the influence of ionizing radiation on the basis of
Mathcad program were observed in the physical and physicochemical stages of the
process (101°-1072 seconds) and the emission percentage of electrons emitted from the
surface ratio was calculated. The emitted electrons gradually lose their Kinetic energy in
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liquid water, turn into thermal electrons, become salvageable and participate in the
radiolysis of water.

The purpose of this work is to identify the regularities of obtaining molecular
hydrogen as an environmentally friendly type of alternative fuel. To achieve this goal,
we have set ourselves some tasks, one of which is to identify the mechanism of what is
happening inside the BeO + H>0 system.

As we know, beryllium oxide has a hexagonal structure. From geometry it is
known to calculate the volume of other spatial bodies formed by an arbitrary vertical
displacement of a flat surface, we use the formula V = Sd, it is also known from physics
that V.=m/ p. If the surface area of a porous body of mass m is -S and the density is -p,
then the average thickness of the porous walls of the body (d) is given by:

m
gy _p_m 1)
S S 8

can be determined on the basis of expression (1). If in expression (1) m = 1 g, the
surface area of the object is equal to the area of a particular surface. The average
thickness is equal to the numerical value. If we take p = 2.33 g /sm®, Sx =60 m?/ gr for
BeO, then the average thickness d = 71.5 nm is obtained.

Assuming that the concentration of energy carriers (electron-positive ion pairs,
excitons, different types of radiation defects, etc.) formed inside a solid under the
influence of ionizing radiation (y-quanta) is the same throughout the volume, and the
free distance of each energy carrier is Ai, A model has been developed for the surface
diffusion of electron and positive ion pairs, which are energy carriers of the same
probability in all directions at any point dV—0 (Figure 1)

TSt BeO

H,O

Fig.1. Free escape distances of energy carriers within BeO with average
thickness of pores suspended in water-A, conditional separation of
energy carriers according to free escape distances (A).

If both, the mass and the size of the substance suspended in water change, the
energy carriers transferred to the water, as well as the radiation-chemical output of the
corresponding molecular hydrogen, change. However, after a certain concentration of
particles of each size in the environment, a balance is established between the energy
carriers and the processes of formation of intermediate products. If the electrons, which
are energy carriers in the amount of dV (fig.1), are radiated in all directions with equal
probability of average escape distance A, then the AmB part of the spherical segment
characterizes the emission, and the AnB part characterizes the rest of the matter. If the
density of electrons formed within a single particle by the action of radiation is a, then
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the number of electrons will be emitted from the corresponding particle surface into the
liquid phase (into water), and will probably remain in the particle volume corresponding
to the remaining spherical segment of the particle. Percentage of electrons emitted from
the surface [12]:

2

£ 42
Nemis avseg.AmB Vseg.AmB 3”}“ h h
¢ == = = = @
I Ngen av \Y 4 43 22
3

is calculated as the number of electrons emitted by the Ngen radiation inside the particle,
Nemis emitted from the surface into the water.

RESULTS AND DISCUSSION

Calculations were made using simple geometric constructions and calculations in
the range 0-R of h and the values-A=md of the average running distance, which are the
values m=0,1-4 of, and the results obtained are given in Figure 2. As can be seen in the
figure, electrons, which are energy carriers formed inside the particle, migrate to a
particle surface depending on the particle size and are emitted into the water. The
electrons emitted into the water lose their kinetic energy as a result of the collision with
water molecules and are converted first into heat and then into solvation electrons. This
means that the electrons emitted into the water and solvation in the water are involved
in the formation of molecular hydrogen. The calculation was performed using the
stepping method.
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Fig.2. Distribution of electrons emitted from the surface by the distance
of the nanoparticle from the center (A/d=0,25 (1); 0,5 (2); 0,75 (3);
1(4);1,25(5); 1,5 (6); 2 (7); 4(8))-

The average running distance of an electron

1
ouEr o

Where oiot(E)=0j(E)+ci(E) (E) is the full effective cross-section of the collision
[13], where electron-excitation-gj(E) and ionization-ci(E) is equal to the sum of the
effective cross sections of the processes. n is the number of atoms or molecules per unit
volume of matter, [13] which can be calculated as follows:
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m
_ﬂ:VNA - MBeO 3 :m NA - pNA (4)

VoV v VM., Mg,
where Na-Avagadro is the molar mass of Mgeo = 25 g / mol-beryllium oxide. Given the
data, the average running distance can be determined based on the expression.
1= Meeo (5)

Otor " P NA

Figure 3 shows a graph of the average escape distance of an electron inside BeO
as a function of its kinetic energy. As can be seen, in electrons with kinetic energy E =
0.01-10 keV, the average eS(l:aIBe distance within BeO varies in the range of 3.5-161 nm.

n

nim

- 100 =
/

10

average running distance
|
™,

1 10 100 1108 1.10¢
the kinetic ensrgy of the electron, eV
Fig 3. The dependence of the average escape distance of an electron
inside BeO on its Kinetic energy.

Then, on the basis of these values, the percentage of migration of energy carriers
to the surface formed within the particle under the influence of ionizing radiation
corresponding to each value of m:

XAV THATEIAL 3L PAr

= = = 6
47R® 47R® R® ©

3 3

¢

Calculated, based on the expression. Here, n- the number of steps, the emission
percentage corresponding to step oi-i, ri, Ar,and V, =4zr*Ar, and the radius, thickness,

and volume of the i-the sphere, respectively. The dependence of the emission
percentage of electrons emitted from the surface of the nano-particles on the average
free escape distance of the particle is given in fig.4.

In a suspended system (BeO / H>0), the concentration of electrons of a certain
thickness around a solid particle is greater than that other particles due to the electrons
emitted from the solid to the liquid phase. Electrons emitted into a liquid gradually lose
their kinetic energy as a result of an inelastic collision and are first converted into
thermal electrons, which can then be trapped or solvated in traps inside the water. The
formation reactions (1-3) of molecular and atomic hydrogen obtained from radiolytic
decomposition between solvated electrons and water molecules and protonated water
molecules (H20") can be described as follows:
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Fig.4. Dependence of the emission percentage of electrons emitted from
the BeO surface on the average free escape distance of the particle

(abscissa A/d).
2eq +2H,0—>H, +20H" (7)
eqtH+H,0—>H, +0OH" (8)
€ +H,0" >H+H,0 9)

Due to the electrons emitted and liberated in the liquid phase (water), reactions
with a high velocity constant (7-9) take place, which also increases the radiation-
chemical output of molecular hydrogen.

CONCLUSION

The percentage of electron emissions from the surface of a solid into water varies
depending on the average thickness of the pores of the porous body and the energy of
the electrons;

The concentration of electrons released into the water due to the electrons emitted
from the surface of the solid into the water varies depending on the average pore
thickness of the porous body, which means a change in the radiation-chemical output of
molecular hydrogen.
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PACYET NPOLEHTA BbIBPOCA 2JIEKTPOHOB, S)MUCCUPYEMBIX C
INOBEPXHOCTH OKCHJA BEPWLINA B BOAY, B CHCTEME BEO / H:0O
noa AEMCTBUEM MOHU3UPYIOIIETO U3JITYUYEHUSA

H.K. Abbacosa
bakunckuii ['ocyoapcmeennvlii Yuusepcumem
ramazanova.abbasova.nermin@gmail.com

oo oeticmsuem y-xeanmos 6 cucmeme BeO/H,O obpaszyiomes maxue necOAnaHCcupo8anuvie
9HEP2OHOCUMENY,  KAaK:  3JIeKMPOHHO-NONIONCUMENIbHbIe  UOHHble  Napbl,  COCHOAHUA
9NEKMPOHHO2O BO30VIHCOCHUs, paA3IuUHble paouayuonHvle Oegexmovl u m.0.  Hcnonvsys
nowazosvie mMemoosvl Moume-Kapno, oOHOKpamHOe CMOJKHOBEHUe, HA OCHO8e NpPOZPaAMMbl
Mathcad 6vinu  eviuucienbl paOUAYUOHHO-XUMUYECKUE BbIXOObL DNEKMPOH-NOJIONCUMENbHOU
UOHHOIL Napbl U INeKMpoH-6036ycoenus,, obpasyowuxcs 6 usuueckom (105-10"? cexyno) u
pusuxo-xumuueckom (10-10° cex) smanax npoyecca. Iuepzonocumenu, obpazyiowuecs 6
cucmeme meepooe meno / AHCUOKOCMb, USPAIOM BANCHVIO PONb 6 Qu3UYecKux, @Ou3uKo-
XUMUYECKUX U XUMUYECKUX NpOoYyeccax, Npoucxooauwux 6 meepoom meje, Ha epaHuye meepooe
meno-ocuoKocms U 8Hympu dcuokocmu. Habrooanuce 6616pocst ObIPOK U NEKMPOHO8 HA
NOBEPXHOCMb U C NOBEPXHOCU 8 HCUOKOCMb (800Y). Dmuccupyemvle 31eKMPOHbI 6HYMPU
aHcuoKkocmu  (600e) NOCMENeHHO Mepsisi C80H KUHEMUUECKVI0 3IHepeuio, Npespawaomcs 6
menaogvle, a 3amem U 808Ce CONbEAMUPYACL NPUHUMAIOM YYACMEUe 8 npoyecce paouoau3a
600bl.

Knrouesvie cnosa: y-keanmsl, nepeHocuuxu suepeuu, cucmema BeO / H>O, paduonus 600si,
PAOUAYUOHHO-XUMULECKULL 8bIXOO.

IONLASDIRICI SUALARIN TOSIRI ILO BeO/H,0O SISTEMINDO BERILLIiUM
OKSIiD SOTHINDON SU DAXILINO EMIiSSiYA OLUNAN ELEKTRONLARIN
FAIZ NiSBOTININ HESABLANMASI

N.K. Abbasova
Baki Dovlat Universiteti
ramazanova.abbasova.nermin@gmail.com

y-kvantlarin tasiriloBeO/H2O sistemi daxilindo amolo galon qeyri-tarazligh  enerji
davyicilari: -elektron-musbat ion cutl, elektron-hayacanlanma hallari, miixtalif cur

—_— =
99

ISNN: print 2663-7006; online 2709-2666


https://pubs.acs.org/author/Mostafavi%2C+M
https://pubs.acs.org/author/le+Ca%C3%ABr%2C+S
https://www.sciencedirect.com/science/journal/00223115
https://www.sciencedirect.com/science/journal/00223115/469/supp/C
https://www.sciencedirect.com/science/journal/00223115/469/supp/C
https://pubs.acs.org/author/Musat%2C+Raluca+M
https://pubs.acs.org/author/Cook%2C+Andrew+R
https://pubs.acs.org/author/Renault%2C+Jean-Philippe
https://pubs.acs.org/author/Crowell%2C+Robert+A
mailto:ramazanova.abbasova.nermin@gmail.com
mailto:ramazanova.abbasova.nermin@gmail.com

NDNEV

radiasiya defektlori vo s. amoala galir. Monte-Karlo, addimlama, birqat togqqusma
metodlarindan istifads edarak, Mathcad programi asasinda prosesin fiziki(1015-1012
san) va fiziki-kimyavi (10-11-106 san) marhalalarinda amala galon elektron-mishat ion
cutiniin ~ va  elektron-hayacanlanma  hallarmin  radiasiya-Kinyavi  ¢iximlar
hesablannugdir. Bark cisim/maye sisteminda amoala galon enerji dagsiyicilart bark cisim
daxilinda, bark cisim maye sarhaddinda vo maye daxilinda gedan fiziki, fiziki-kimyavi va
kimyavi proseslarda miihiim rol oynayirlar. Bark cisim daxilinda amoala galon desiklorin
Vo elektronlarin satho gadar vo sathdon maye (su) daxilina emissiyas: izlonilmisdir.
Emissiya olunan elektronlar maye (su) daxilinda 6z kinetik enerjisini tadrican itirarak
istilik elektonlarina cevrilirlorok salvatlagirlar va suyun radiolizi prosesinda istirak
edirlar.

Acar sozlar: y-kvant, enerji dasiyicisi, BeO/H-0 sistemi, suyun radiolizi, radiasiya-kimyavi
cIxim.
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OXIiDATIVE CONVERSION OF METHANE. EFFECT OF CATALYST
AND PERSPECTIVE DIiRECTIONS OF REACTION

LE.H. Ismailov, *D.B.Taghiyev, *S.M. Zulfugarova, ! G.R. Azimova, *
S.N. Osmanova, 2J.W. Thybaut
YInstitute of Catalysis and Inorganic Chemistry named after acad. M.Naghiyev ANAS,
2 Ghent University, B-9052 Gent, Belgium
etibar.ismailov@gmail.com

The well-known MnNaW catalysts based on SiO, for oxidative condensation of methane (OCM)
were synthesized by various methods, characterized by X-ray diffractometry (XRD), scanning
electron microscopy with energy dispersive elemental analysis (SEM/EDX), electron magnetic
resonance (EMR) spectroscopy, N, adsorption-desorption measurements, and tested as OCM
catalysts at atmospheric pressure to convert into a mixture of ethylene + carbon oxides for
further hydroformylation to propylene. The structural and catalytic features of the synthesized
systems are discussed. The necessity of using mainly X-ray diffraction, Raman, and EMR
methods for studying catalysts in situ mode in combination with online MS analysis of gas-
phase reaction products to establish the nature of catalytically active phases, centers, their
mechanism of functioning, activation of CH, with the formation of C-C bond for the synthesis of
hydrocarbons C, and C,. is considered.

Keywords: oxidative conversion of methane, NaMnW/SiO, catalyst, ethylene-carbon
monoxide mixture, magnetic, texture properties

INTRODUCTION

Oxidative condensation of methane (OCM) is one of the promising methods for
processing natural gas into an ethane-ethylene mixture. A limiting factor in the
practical implementation of the process is the low yield of target products. The best
catalysts make it possible to obtain selectivity for C,-products up to 70-80% at a
methane conversion of 25-30 % [1, 2]. A tempting approach based on a combination of
the OCM reaction to produce ethylene and carbon monoxide in the reaction products
with the required CO/C,H, ratio with the hydroformylation reaction of this mixture to
propylene is used in project C123 of the EU Horizon2020 program. This work presents
the results of testing nanostructured oxide systems MnNaW/SiO, as catalysts for the
OCM reaction to obtain gas-phase mixtures with an equimolar ratio C,H,/CO, and
discusses the structural and catalytic features of the synthesized systems.

EXPERIMENTAL PART

Catalysts preparation

To prepare the -catalysts, mesoporous silica matrices preliminarily were
synthesized, using tetraethoxysilane, TEOS, -cetyl-tri-methyl-ammonium bromide,
CTAB (samples 1), TEOS, triethanolamine, TEA (samples 2) TEQS, citric acid, CA
(samples 3) as precursors. Further, the reaction mixture containing an aqueous solution
of surfactant, TEOS and ammonia was kept in a thermostat for several hours at room
temperature until mesoporous silica was formed. Then the solution was filtered, the
resulting precipitate was washed with distilled water and dried in air at room
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temperature. Salts of the corresponding metals were introduced into the hydrophobic
part of the "template/silicon dioxide" composite by impregnating them with aqueous
solutions of samples of 1,2,3 mesoporous silicon dioxide. The resulting gel after drying
at room temperature is placed in a drying oven and kept at 80-100 °C for 3-4 hours until
completely dry. The final heat treatment of the obtained sample is carried out in a
muffle furnace at 850 °C for 4 hours.

Catalysts characterization

The catalysts were characterized by scanning electron microscopy (SEM; Hitachi
S-3400N) equipped with an energy-dispersive X-ray fluorescence spectrometer (EDX;
Oxford), X-ray diffractometers XRD D2, Bruker, Germany and XRD TD3500, China;
Atomic Absorption Spectrometer, iC3000, Thermo Scientific, USA; EPR spectrometer
EMX_micro, Bruker, Germany; the specific surface area and total pore volume of the
samples was determined by low-temperature adsorption of nitrogen using SORBI-MS
(Russia) and Belsorp Mini I, BEL Japan Inc. instruments. The powders were activated
for 18 hours under vacuum at 90°C to remove moisture before measuring the texture
values. Radical freezing system in combi- nation with JES-PE-3X, Jeol EPR
spectrometer and home made quartz flow reactor connected with radicals freezing
system for registration of hydro- carbon and peroxide radicals and investigation of their
concentration as a function of reaction condition and type of catalyst. The reactions
were carried out at temperatures 550 -850°C. The synthesized samples as catalysts for
the OCM reaction were tested using a flow-through setup with a fixed catalyst bed. Gas-
phase producns of the reaction after the reactor were analyzed using Agilent 7280A
(USA) and LXM 80 (Russia) chromatographs. Helium was used as the carrier gas. The
OCM reaction was carried out at 700 - 900°C and atmospheric pressure. The catalyst
weighed amount was 0.2 g of the 0.25 - 0.5 mm fraction, the volumetric flow rate of the
mixture was up to 140 ml/min.

RESULTS AND DISCUSSION

Below are the results of a study of the elemental, phase composition, magnetic
properties, morphology, and structural-porous characteristics of the synthesized Na-W-
Mn-containing catalysts based on SiO, obtained by various preparation methods.

Elemental and phase composition, surface structure and distribution of
active elements in catalysts.

Eelectron micrographs show that the duration of the calcination of the samples
significantly affects the morphology and structure of the surface. Regarding the effect of
the duration of calcination of the samples on the distribution of active components in
the catalyst structure, an EDX analyzer of an electron microscope is used and the
surfaces of these samples were scanned at 5 randomly selected points of the surface.
Comparison of these EDX spectra indicates a noticeable effect of the duration of
calcination of the samples at 850°C on the distribution of catalytically active
components in the catalyst structure.

X-ray diffraction patterns of samples show the presence of two different phases of
the SiO, matrix - cristabolite and tridymite and changes in the phase composition of the
matrix with an increase in the calcination temperature of the samples from 850 to 1000
°C with the introduction of these active components into SiO2. X-ray diffraction
patterns of samples calcined for 4 hours: a)SiO, at 850°C; b) SiO, at 1000°C; c)
MnNaW/SiO, at 1000°C are given in fig.1.
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EMR data

For all samples two types of EPR spectra are observed. The first one with g =
2.000 and an hyperfine constant of - 90 G is characteristic for isolated Mn®* ions, and
the second with g = 2.01-2.1 and AH = 600-1100 G belongs to MnOx, most likely to
Mn,O5 nanoparticles [3]. Mn®* is not a Kramers ion (3 d*, S = 2), and it does not show
EPR signals at the X-band frequency [4]. Figure 2 shows the EPR spectra of sample 1 at
300 K.
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Fig.1. X-ray diffraction patterns of samples calcined for 4 hours: a) SiO; at
850 °C; b) SiO; at 1000°C; ¢) 2Mn-0.8Na-3.2W/SiO, at 1000 °C
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Fig.2. EPR spectra at 300K of 2Mn -0.8Na-3.2W/SiO, sample 1 calcined at
850 °C for 4 hours: a,b) before and c) after 10 hours OCM reaction
at 798 °C; (CH4/0,)=4.

It was shown that the observed MnOx nanoparticles are superparamagnetic and
weakly ferromagnetic above and below the blocking temperature, accordingly. The
dependent of the composition and size of MnOx nanoparticles on the reaction
conditions is observed. The evaluated size of the observed MnOx nano- particles is less
than 10 nm [5].

Texture properties

In table 1 the values of specific surface area and the volume of pore of these
samples before and after 15 hours working in OCM reaction are given. As can be seen
from these data effect of the reaction condition on the texture parameters of the samples
is significant.

Table 1
The values of specific surface area and the volume of pore of these samples before and
after 15 hours working in OCM reaction

Samples* BET (m%g) Total pore volume, p/po = 0.99 (cm®g™)
a* b* A B
1 116.8 46.1 0.590 0.232
2 36.0 4,4 0.206 0.025
3 38.2 8,3 0.373 0.081

* a, b - accordingly before and after 15 hours testing of the samples in reaction OCM.
— e ———
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Catalysts Testing

The synthesized catalysts exhibit different catalytic activity, depending on their
preparation method. Methane conversion of up to 47.7 % and a selectivity of C2 and
C3 hydrocarbons in the amount of up to 86.7 % and a yield of up to 27.4 % were
observed. The selectivity ratio (C2+C3)/(CO+CO,) is approximately 1 with a fairly high
yield (25.2 %) (C2+C3) for sample 1 and slightly more than 1 for sample 2 (for yield )
24.3 %). The ratio of C,H, / (CO+CO,) is approximately 1 for both samples with the
same yield of C2+C3 hydrocarbons. An increase in temperature from 778 to 874 °C
leads to an increase in ethylene selectivity and the yield of C2+C3 hydrocarbons.
Stability of catalyst as a function of OCM reaction duration is shown in fig.3.
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Fig.3. Dependence of methane conversion (m), selectivity of C2+ hydrocarbons
(A) and the yield of C2+ hydrocarbons (¢) on the duration time of the
OCM reaction at the ratio CH4/O, = 4, (reaction temperature 812 °C,
catalyst weight 0.2 g, gas mixture flow rate 120 ml / min.)

Conversion of methane and oxygen without (¢, o,respectively) and in the presence (A,
A) of the catalyst in the OCM reaction as a function of the reaction temperature at the

ratio CH4/O,= 4, (catalyst weight 0.2 g, gas mixture flow rate 120 ml/min.) is
demonstrated in fig.4.
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Fig.4. Conversion of methane and oxygen without (¢, o,respectively) and in
the presence (A, A) of the catalyst in the OCM reaction as a function of
the reaction temperature at the ratio CH4/O,= 4, (catalyst weight 0.2 g,
gas mixture flow rate 120 ml/min.)

Conversion and selectivity as a function of CH4/O, ratio are The full
stoichiometric equation of the OCM reaction according to the output data can be written
in the form:

aCH4+ b0, — cCyHg + dCyH4 + eCO; + fC3Hg +fC3Hg + gH.0 + hCO
for the case (CH4/O2)=2 we have
12CH4 +60, — CoHg + CoHs + CO, + C3Hg + C3Hg + 9H,0 + CO + 3H»
and for the case (CH4/O,)=4 we have
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12CH4 +30, —» CoHg + CoH4 + CO, + C3Hg +C3Hg + 3H,0 + CO + 9H,
According to experimental data the ratio (CH4/O;) > 4 more acceptable for OCM

reaction.
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Fig.5. Dependence of the conversion of methane ( A) selectivities of C2+
hydrocarbons (0), CO (A) and CO; (#), the yield of C2+
hydrocarbons (o), C,H4/C,Hg ratio (e) in the presence of a
catalyst in the OCM reaction on the CH4/O, ratio, (catalyst
weight 0.2 g, gas mixture flow rate 120 ml / min.)

Conversion and selectivity as a function of flow rate of gas mixture are given in fig.6.
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Fig.6. Dependence of the conversion of methane ( A) selectivities of C2+
hydrocarbons (), CO (¢) and CO2 (m), the yield of C2+
hydrocarbons (m) on the flow rate of gas mixture in OCM
reaction at a ratio (CH4/O,) = 4, (catalyst weight 0.2 g, reaction
temperature 798°C)

If we assume that nanosized Mn,Oj3 particles are active centers of the OCM

reaction:

Mn,03 + 2CH4 = 2MnO+ C,Hg + H,O

2MnO+ %50, = Mn,03
CoHg = CoHs + Hy

then it can also be assumed that methane is activated by oxygen of Mn,0O3; with the
separation of the hydrogen atom and the formation of the methyl radical CH3" [6,7].
Further, under the reaction conditions, these radicals combine and turn into ethane, and
when interacting with oxygen, into CH30,°® radicals, which are further oxidized to CO
and CO.. In the case of an excess of oxygen under the reaction conditions, ethylene is
also easily oxidized to carbon oxides.

2C,H4 + 50, =2C0O + 2CO; + 4H,0
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Radical freezing system in combination with JES-PE-3X, Jeol EPR spectrometer
and home made quartz flow reactor connected with radicals freezing Dewar for
registration of hydrocarbon and peroxide radicals and investigation of their
concentration as a function of reaction condition and type of catalyst is given in fig. 7.

Only RO,® radicals were detected and their concentration is increased as the ratio
CH,/0, is increase. CH;® radical is not detected because the liquid nitrogen temperature is high
enough to detect the CH; * radical and therefore only RO,® radicals are detected. The reactions

were carried out at temperatures of 550 - 850 °C.
evacuation

BT

CH4+ O,
Mix injection

a) b)

Fig.7. Radical freezing system in combination with JES-PE-3XQ, Jeol EPR
spectrometer and home made quartz flow reactor connected with
Dewar for registration of hydrocarbon and peroxide radicals. Here: a)
1- Catalyst; 2- Capillary with the end beginning from the surface (no
more than 0,5 mm); 3- Heater; 4.-Dewar vessel; 5 —Reaction products
outlet; b) Dewar vessel with capillary

X-ray diffractometry data show the effect of active elements introduced into the
SiO, matrix on the phase composition of the matrix. With increasing the calcination
temperature from 850 to 1000°C, no noticeable changes are observed in the
diffractograms of the matrix. However, the diffraction patterns of the 2Mn-0.8Na-
3.2W/Si0, samples, along with the formation of the MnOx and Na,WO, phases of
active elements, show the presence of two phases of the SiO, matrix differing in
structure - crisstabolite and tridymite; with an increase in the calcination temperature of
samples containing Mn, Na, W, from 850 to 1000°C, the phase composition of the
matrix changes. The used MnNaW/SiO, catalyst is multicom- ponent and, as shown by
the X-ray diffractometry data, consists of the phases MnOx, Na;WO,, and SiO,. At the
reaction temperature OCM, i.e. 750-850°C , one of these phases - Na,WO, is in a
melted state (the values of the melting and decomposition temperature of Na,WO, are
equal to 696 and 1200°C, respectively). The phases MnOx (MnO, Mn,03, MnO;) and
SiO; have a melting point above 850°C, i.e. under the reaction conditions Nay;WOy,,
covering the surface of crystalline SiO, (with cristobalite and/or tridomite structure) in
the form of a film, and nanosized MnOx particles contained in it, as shown by EMR
data. This example underline the peculiarities of high-temperature reactions catalyzed

—_— =
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by multicom- ponent systems, the components of which are in dif- ferent states of
aggregation under the reaction conditions.

CONCLUSION

The synthesis of a stable OCM catalyst with a conversion of more than 35% and a

selectivity for C2 hydrocarbons up to 80% is considered practically acceptable. But:

1. If we use the MnNaW/SiO, and its modification forms as catalysts for OCM reaction
we have to work at the temperature 750-850°C with the ratio CH4/O, >4 with flow
rates of the gas mixture (CH4+O;) more than 100 ml/min. In this case we have the
quietly high yield of target products, but not enough for practical purposes. The
experimental results show that after 15 hours of working in OCM reaction the activity,
selectivity and yield of catalysts decrease approximately for 10-15%. We have to take into
account the instability of phase composition of these catalysts under reaction conditions
also.

2. To use catalysts of new compositions that allow the OCM reaction to be carried out
at temperatures below the ignition of ethane and ethylene (- 600°C). In this case, we
will need to carry out studies using in-situ EPR and Raman spectroscopy in
combination with mass spectroscopy of surface and gas-phase products of the OCM
reaction. These studies make it possible to find ways to stabilize methyl radicals with
their subsequent recombination on the surface with the formation of ethane, to
separate and control the stages of recombination of methyl radicals on the surface and
in the gas phase, and thereby allow controlling the OCM process. For catalysts with
the composition MnNaW/SiO,, prepared using TEOS and CTAB as precursores,
methane conversion up to 47.7 % was observed, selectivity for hydrocarbons C,, Cs3
in total up to 86.7 % and yield up to 27 mas.%; the selectivity ratio (C, +C3)/CO
was -~ at a rather high yield (25.2 %) of C,, C3; hydrocarbons. An increase in
temperature from 778 to 874°C led to an increase in selectivity for C;,Cs
hydrocarbons. For these catalysts, the specific surface area was 100-120 m?%g and
after 10 hours of operation at a temperature of 800-850° C decreased significantly,
but they average pore dia- meter is in the range of 2-50 nm still, so the behavior of
these catalysts will be typical for mesoporous materials. Comparison of EDX spectra
indicates a noticeable effect of the temperature and duration of calcination of the
samples on the distribution of catalytically active components in the catalyst struc-
ture. We consider it expedient to carry out, first of all, in situ X-ray diffraction,
Raman, and EMR studies in combination with mass spectroscopic analysis of gas-
phase products of the reaction to detalize, refine the "structure-activity" models of
the OCM reaction with participation of MnNaW/SiO, catalysts [8].
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OKHUCJ/IMTEJIbBHAS KOHBEPCHUS METAHA. DOPEKT KATAJIN3ATOPA
N INEPCIIEKTUBHBIE HAIIPABJIEHUSA PEAKIIUHU

9.1 Hemaunos, 1B, Tacues, * C.M. 3ynvghyeaposa, 'I".P. Asumosa, *C.H.Ocmanosa,
2H.Y. Tubom
1HHcmumym Kamanuza u Heopeanuueckou Xumuu um.axao.M.®. Haeuesa HAHA,
2YHueepcumem T'enum, B-9052 I'enm, benveus
etibar.ismailov@gmail.com

Xopouwio uzeecmuvlie xamanuzamopvl MnNaW na ocnose SiO2 0na okuciumenvhou
konOencayuu  memana (OKM)  o6viiu  cunmesupoéanvl — pasiuyHblMu — MemoOaMu,
OXAPAKMePU308aHbl MemoOamMu PEeHM2eHO8CKOU ougppakmomempuu (XRD), cranupyrowe
9NEKMPOHHOU MUKPOCKORUU C IHEP2OOUCNEPCUOHHBIM IeMeHmHbIM ananuzom (SEM/EDX),
INEKMPOHHO20 ~ MASHUMHO20 pe3oHanca. (OMP), mekcmypuvie Xxapakmepucmuku HO
adcopoyuu-oecopoyuu N2 u ucnvimanvl 6 Kauecmee kamanuzamopoe peaxyuu OKM @
yenegodopoost Cy u Coy, 8 cMech omuien + oKCuobvl yenepooa npu ammoc@epHom 0asIeHuU ¢
yenvio  2uopohopmunuposanus nocieone2o 6 nponuien. QOcysxcoenvl CmMpYKmypHble U
Kamanumuieckue O0coOEHHOCMU CUHME3UPOBAHHBIX CcUCmeM. YKazawvl Kamaiumuiecku
akmueHvle yeumpul, mexanusm peaxyuu OKM c ux yuacmuem c obpazosanuem ceazu C-C u
Y271e8000p0008 HA IMOU OCHOBeE.

Knrouesnle cnosa: oxuciumenvras Kousepcus memana, kamanuzamop MnNaW/SiO2, ¢azosuviil
coCmas, MazHumHule, meKCmypHule ceolcmaa, yeneeo0opoovt Cy, Cor, cmecsy smunen+oxcuosi
yenepooa.
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METANIN OKSIDLOSDIRICi KONDENSASIYASI. KATALIiZATORUN
TOSIRI VO REAKSIYANIN PERSPEKTIV ISTIQAMOTLORI

'EH. Ismayilov, ! D.B.Tag“zyev,1 S.M.Ziilfiigarova, 1 G.R.Ozimova,
1S.N. Osmanova, 2Joris Thybaut
Ykad. MNagzzyev adina Kataliz va Qeyri-iizvi Kimya Institutu, AMEA,
Ghent Universiteti, B-9052 Ghent, Belcika
etibar.ismailov@gmail.com

Metanin oksidlasdirici kondensasiyast (MOK) iigiin SiO2 asasli malum MnNaW katalizatorlar
miixtalif dtisullarla sintez edilmis, onlarin rentgen difraktometriyast (XRD), elektron skan
mikroskopu enerji dispersion element analizi ila birga (SEM/EDX), elektron magqnit rezonansi
(EMR) spektroskopiyasi, N2 adsorbsiya-desorbsiyast asasinda textur xarakteristikalari
miioYyan edilmis, atmosfer tazyiqindo metamin C,, C,. karbohidrogenlora, etilen+karbon
oksidlari garisigina va sonuncunun propilena  hidroformillasdirilmasi  reaksiyalarinda
katalizator kimi sinag  kegirilmisdir. Sintez edilmis sistemlorin struktur vo Kkatalitik
xtisusiyyatlori miizakira olunmus, katalitik aktiv morkozlor gostorilmis, onlarin istiraki ilo C-C
rabitasinin va karbohidrogenlarin amala galmasinag gatirib ¢ixaran mexanizm verilmisdir.

Agar sozlar: metamin oksidlogdirici kondensasiyasi, katalizator MnNaW/SiO,, faza torkibi,
maqnit, tekstur xassalari, C,, C,. karbohidrogenlari, etilen+karbon oksidlari garisig.
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