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THE SbBiTe,Se-SbBiTe.S PHASE DIAGRAM OF THE Sb-Bi-S-Se-Te SYSTEM

F.R A||yev 0000-0003-1709-0164

Azerbaijan State Oil and Industry University
fariz_ar@hotmail.com

Using powder X-ray diffraction (PXRD) and differential thermal analysis (DTA), the phase
equilibria of the SbBiTeZ2Se - SbBiTe2S section were studied, and its T-x diagram was
constructed. The system is non-quasibinary, due to both initial phases melting in the
temperature range. The system is stable below the solidus, which is characterized by the
formation of continuous solid solutions (a-phase) with a tetradymite-like hexagonal
structure. An analysis of the structural features of tetradymite and other tetradymite-like
compounds shows that the substitution of atoms by related atoms is possible in all layers of
the packet. In this work sulfur atoms in the central layer can be easily replaced by selenium
atoms. This tendency allows us to expect the formation of the range of compositions in the Bi-
Sb-Te-Se-S system in which substitutions are realized in cationic and anionic positions.
Lattice parameters were determined from the results of powder diffraction patterns. It has
been established that the crystal lattice parameters of solid solutions change linearly with
composition, which complies with the Vegards rule.

Keywords: SbBiTe.Se — SbBiTe,S system, phase diagram, tetradymite-like structure, solid
solutions, high entropy alloys.

INTRODUCTION

The progress of technologies and theories in the field of materials science has
led to the need to complicate the composition of structural and functional
materials. In recent years, the attention of investigators has been increasingly
lured by high-entropy alloys (HEA) [1-5]. HEAs include multicomponent alloys,
including at least five basic elements, the content of each of which should not be
less than 5 at%. The main requirement for HEAs is the formation of a
homogeneous and thermodynamically stable phase. The stabilization of solid
phases and the absence of intermetallic phases during crystallization are due to the
high mixing entropy of the components. HESs have a wide range of practical
applications in nuclear power engineering, aerospace, tool industries, in hydrogen
storage, as refractory, magnetically soft, as well as thermoelectric materials etc. [6-
10].

Usually, metal alloys are considered as HEAs. However, these requirements
are also fulfilled by multicomponent semiconductor phases, in particular, solid
solutions of chalcogenides [11-14].

The tetradymite mineral - Bi>Te2S has binary and ternary structural analogs,
exhibiting interesting thermoelectric and optical properties [15,16]. The discovery
of a new quantum state of matter - a topological insulator (TI) [17,18] has snappily
increased interest in layered compounds. In the last decades, studies have shown
that these phases also exhibit the properties of a topological insulator and have
great potential for in various fields including spintronics, medicine, quantum
computers, security systems, etc. [19-25].

—_—
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This paper presents new data on the synthesis and identification of five-
component alloys with a tetradymite-like structure in the SbBiTezSe - SbBiTe,S
section of the Sb-Bi-S-Se-Te system. Alloys of this section with the content of initial
phases from 25 to 75 mol% contain at least 5 at% of elementary components and
therefore they can be considered HEA.

EXPERIMENTAL PART

Synthesis of alloys along the SbBiTezSe - SbBiTezS section, including the
initial phases, was carried out by melting corresponding elementary components
of high purity (99.999%, Alfa Aesar) in evacuated (~10-2 Pa) quartz ampoules. The
samples were heated to 800°C, kept at this temperature for 2 h, and quenched by
dropping the ampoules into ice water. Then the alloys were annealed at 450°C for
300 h to achieve an equilibrium state.

The synthesized ingots were examined at room temperature by XRD (D2
PHASER diffractometer, Bruker; CuK, radiation) and DTA. For DTA, a NETZSCH
404 F1 Pegasus system (heating rate 10°C/min-1) was used. Lattice parameters
were calculated using the TOPAS V4.0 program.

RESULTS AND DISCUSSION

Annealed alloys of the 20, 40, 50, 60, 80 mol% SbBiTe2S composition of the
SbBiTe;Se-SbBiTe;S section and its primary phases were studied by the PXRD
method. X-ray diffraction patterns of the alloys are shown in fig.1.
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Fig.1. PXRD patterns of the alloys along the SbBiTe;Se - SbBiTe;S system.

As can be seen, all samples have qualitatively identical diffraction patterns
with some shift of refraction lines, which is typical for systems composed of
continuous solid solutions. Analyses of the obtained data using the computer
program TOPAS V4.0 showed that all diffraction patterns are completely identified
in the tetradymite like hexagonal structure.
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Based on the DTA and XRD results, the T-x diagram of the SbBiTe:Se-
SbBiTe>S section was constructed (fig.2.b). As can be seen, even though the system
is stable below the solidus and is characterized by the formation of continuous
solid solutions (a-phase), it is generally non-quasi-binary, since both initial phases
melt in the temperature range. Direction of the tie lines in the L+ a region does not
overlap with the T-x plane of this section. Therefore, it is not possible to determine
compositions of coexisting phases in this two-phase region from the fig.2b.

From the obtained results, the dependence of lattice parameters on
composition was plotted (fig.2a.). As can be seen, the lattice parameters are
linearly dependent on the composition which indicates that the Vegard’s rule is
obeyed.
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Fig.2. Dependence of lattice parameters on composition (a) and the phase diagram
(b) of the system SbBiTe;Se-SbBiTe:S.

By identifying powder diffraction patterns, the parameters of crystal lattices
of alloys were determined (table 1).

Tablel
DTA results and lattice parameters of SbBiTe>Se-SbBiTe;S solid solutions
Composition, Thermal effects, Parameters of the crystal
mol % °C lattice,
A

SbBiTe,Se 625, 610 a=4,2317(3), ¢=29,871(2)
80 603, 588 a=4,2277(2), c=29,802(1)

60 600, 583 a=4,2241(1), ¢=29,737(2)

50 595, 580 a=4,2221(2), ¢=29,709(3)

e ———
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40 592, 577 a=4,2207(2), c=29,668(1)

20 589, 574 a=4,2177(3), ¢=29,587(2)

SbBiTe,S 585, 563 a=4,2131(1), c=29,535(3)
CONCLUSION

The manuscript presents new data on phase equilibria in the SbBiTe:Se-
SbBiTezS system, obtained using the results of differential thermal and XRD
analysis. The system is characterized by the formation of continuous solid
solutions with a tetradymite-like structure. Lattice parameters of solid solutions
have been determined, which are a linear function of the composition. The
resulting solid solutions of this system are of potential interest as high-entropy
alloys and topological insulators.
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DA30BASI JUATPAMMA SbBiTe.Se-SbBiTe.S CHCTEMBI Sb-Bi-S-Se-Te
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Ilpomviuwinennocmu
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Memoodamu nopowxosoii penmeenoepaguu (POA) u oughgepenyuanrpbrnozo mepmuyeckozo
anamnuza (JTA) uccredosano paszosoe pasnosecue paspesa SbBiTeSe — SbBiTeS u
nocmpoena e2o T-x ouacpamma. Cucmema s61Aemcs HeKEA3UOUHAPHOU MAK Kak o0be
ucxooHvle gazvl niasames 6 unmepeane memnepamyp. Cucmema ycmouduea nudxce coiuoycd,
0151 KOMOPO20 XAPAKMEPHO 00pA308aAHUE HENPEPbIBHbIX MEEePObIX pacmeopos (a-¢ghasvi) ¢
MempaouMumono00OHOU 2eKCA2OHANLHOU CMPYKMYpPOU. AHanu3 cmpyKmypHwiX 0COOeHHOC-
mell mMempaoumMuma u Opyeux mempaouMumono0oOHbIX COeOUHeHUll NOKA3bleaem, UYmo
3ameujeHue amomos poOCMEEHHbIMU AMOMAMU BO3MONCHO 80 6cex ClOsAX nakema. B smoil
pabome amomvl cepvl 8 YEHMPATLHOM C0e MONCHO Ne2KO 3aMEeHUmMb amomamu ceieHd. dma
MEHOEHYUsL NO3BOAENT OHCUOANMb POPMUPOSAHUsL OUANA30HA cocmasos 6 cucmeme Bi-Sb-Te-
Se-S, 6 komopvix 3amewenus oCywecmensiomcs 6 KAMUOHHbIX U AHUOHHLIX HOZUYUSX.
Ilapamempovl  pewemxu onpedensinu Nno pe3yibmamam NOPOUWKOSbIX OUDPAKMOSDAMM.
Yemanoeneno, umo napamempol Kpucmaniuieckou peuemku meepovix pacmeopos IUHEUHO
UBMEHSIIOMCA ¢ COCMABoOM, YUmo coomeemcmeayem npaguny Bezapoa.

Knioueswie cnosa: cucmema SbBiTe.Se — ShBiTesS, ¢azosas ouacpamma, mempadumumo-
NO00OHAs cmpyKmypa, meepovie pacmeopbl, BbLICOKOIHMPONULIHbIE CHIABDI.
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Sb-Bi-S-Se-Te SISTEMININ SbBiTe Se-SbBiTe.S FAZA DIAQRAMI

FR aliyev0000-0003- 1709-0164

Azarbaycan Déviat Neft va Sonaye Universiteti
fariz_ar@hotmail.com

Rentgen-faza analizi (RFA) va diferensial termiki analizindan (DTA) istifada etmoklo SbBiTexSe
— SbBIiTe;S Kasiyinin faza tarazligt dyronilmis va onun T-x diagrami qurulmusdur. Hor iki ilkin
fazamin temperatur diapazonunda arimasi sababindan sistem geyri-kvazibinar hesab olunur.
Sistem, solidusdan asagida stabil olub tetradimitobonzor heksoqonal qurulusa malik fasilasiz
bork mohlulun (a-faza) omalo golmasi ilo xarakterizo olunur. Tetradimit vo digar
tetradimitobanzar birlagmoalarin struktur xdsusiyyatlorinin tohlili gostarir ki, paketin butin
tobagalorinda atomlarin oxsar atomlarla avazlonmasi miimkiindiir. Bu isdo markazi tabagadoki
kiikiird atomlart asanligla selen atomlari ilo avaz edilo bilar. Bu tendensiya Bi-Sh-Te-Se-S
sisteminda kation va anion movgelorda avazlonmoalorin hayata kegirildiyi kompozisiyalar
diapazonunun formalagmasini gézlomaya imkan verir. Qafas parametrlori toz nimunalarinin
rentgen-faza analizi naticolori asasinda miisyyon edilmisdir. Miiayyan edilmisdir ki, bark
mahlulun kristal gafas parametrlori Vegards qaydasina uygun olaraq tarkibdan xatti asilidir.
Acar sozlar: SbBiTe,Se — SbBiTexS sistemi, faza diagrami, tetradimitabanzor qurulus, bark
mahlullar, yiksak entropiyali arintilor.
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ECOLOGICAL FEATURES OF THE PHOTOCHEMICAL PROPERTIES OF
TiO, NANOPARTICLES

E.M.Gadiroya 0000-0002-1302-8227
Baku State University
elmina2010@mail.ru

TiO, nanoparticles have recently been widely used in environmentally important reactions.TiO;
particles have been studied by XRD, TEM, SEM analysis. It has been determined that the size of
nanoparticles is homogeneous and generally varies between 10-30 nm.The results were
consistent with the calculations by the Sherrer method. The results of the SEM analysis were the
same as the XRD analysis.In the XRD spectra of TiO, nanoparticles, the points at all peaks
were accurately checked and the TiO, nanoparticles matched the rutile phase.According to the
Scherrer method, the average size of TiO; according to the diffraction point (101) was 10.3, the
specific surface area of the crystals was 159.6 m?/g.The signals for TiO, nanoparticles had
characteristic peaks at 27.90° (110), 36.01° (101), 41.58°(111), and 54.71°(211).

Keywords: XRD, SEM, TEM, nano-TiO>, photochemical reactions.

INTRODUCTION

Phenol is a toxic substance in terms of toxicity belongs to class IV according to
the degree of danger.It has a negative effect on the nervous system and a strong irritant
and inflammatory effect. Inhalation of phenol vapors causes dizziness, headache,
shortness of breath muffled sound. In the basins the maximum permeability of phenol is
0.001 mgL*.Due to the presence of OH-groups in phenol it mixes very well with water
to form chlorine derivatives.Chlorinated compounds of phenol are more dangerous than
phenol itself.In this regard the formation of such compounds in water poses a serious
threat to flora and fauna.ln addition to being an environmentally dangerous pollutant
phenol also has a carcinogenic effect.Phenol is irritating: leads to tragic consequences
for the human body through the food chain.

Complete purification of phenol from water remains a global environmental
problem.The reagents used for this must be durable and environmentally friendly. So far
various physicochemical and biological methods have been used for cleaning.When
using sorbents and chemical reagents these substances remain in the water and they are
difficult to clean.Industrial wastewater treatment is especially difficult [1].Therefore
modern methods must be developed that use very small amounts of chemical reagents
and are environmentally friendly.From this point of view using TiO2 nanoparticles
phenol was purified from wastewater by nanotechnological methods and important
results were obtained from the ecological point of view. For this purpose TiO:
nanoparticles with rutile phase were used.Since TiO. nanoparticles are environmentally
friendly and a very good photocatalyst their usability is increasing.

One of the destructive methods is the process of photochemical oxidation in
which light is always used to carry out the process.The process of using light rays to
carry out reactions is both efficient and energy-efficient. Therefore such reactions have
recently become wvery relevant in the fields of chemistry and ecology
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[2]. Transformations in photochemical processes occur not on the basis of the absorption
of light energy by the reactants involved in the reaction, but on the basis of the
absorption of energy by the photocatalyst; the photocatalyst is reduced in the process
after chemical transformations.Based on this the decomposition of any organic toxic
substances occurs in the solution [3].

Rutile modification of TiO2 is semiconductor; at this time the boundary zone was
3.20 and 3.02 eB. The role of oxygen in the photochemical process is the formation of
active oxygen-retaining particles, which in turn lead to the oxidation process.Such
particles are in water, for example; interacts with phenol molecules to oxidize it.The
effect of metal ions (Ag, Au) on the structure of TiO. leads to a reduction of the
boundary zone which causes TiO2 to undergo photochemical reactions in the visible
light rather than in the presence of UV radiation.In addition in the TiO> photocatalyst
the bond energy between Ti-O is greater than the bond energy between Ti-N and
therefore the reactions with TiO2 occur mainly under UV radiation.When Ti-O is
replaced by Ti-N the reactions can move from the UV radiation field to another visible
field.For this purpose the process in Ti-N systems is considered more
expedient.However this poses a challenge as it is very difficult to obtain Ti-N
compounds.Recently air nitrogen has been used in the process along with TiO>
nanoparticles based on UV radiation [4].

It is known from the literature that the process of photochemical decomposition of
phenol is carried out in the presence of various substances [5].The reduction of fresh
water resources in the world and the increase in the volume of wastewater are increasing
the demand for clean water.In this regard effective water treatment methods using
nanotechnological methods are becoming more widespread.

EXPERIMENTAL PART

Many properties for nano-TiO> have been studied. The physicochemical
parameters of TiO> were analyzed according to the existing definitions and it was
determined that it has a rutile phase.SEM, TEM, XRD analyzes of TiO, nanoparticles
used in the course of ecologically important reactions as well as in the conduct of
photochemical reactions were studied. The size of TiO, nanoparticles was homogeneous
and ranged from 10 to 30 nm.The results of the TEM analysis were consistent with the
XRD results.These analyzes were performed with the support of Baku State
University's Nano Research Laboratory.

RESULTS AND DISCUSSION

SEM analysis of TiO. nanoparticles in the process was performed on JEOL JSM-
7600F (15kV voltage, SEI mode). TEM, XRD analysis of TiO, particles are shown in
the following figures.

The absorption and irradiance of TiO2 nanoparticles with rutile phase drawn on a
spectrophotometer called Specord-250 are shown below [6]. XRD analysis was
performed at room temperature on a Rigaku Mini Flex 600 diffractometer. In all cases
Cu K radiation was used in the Cu X-ray tube (operating at 15mA and 30kV).Samples
were scanned at 20-70 Bragg angle. Based on the XRD spectra of TiO2 nanoparticles
the points at all peaks were sensitized and the TiO. nanoparticles were matched to the
rutile phase.According to the Scherrer method the average size of TiO2 according to the
diffraction point (101) was 10.3, the specific surface area of the crystals was 159.6
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m?/g.Signals for TiO, nanoparticles it had characteristic peaks at 27.90° (110), 36.01°
(101) , 41.58° (111) and 54.71°(211).

100nm JEOL/BDU 16-Feb-18
X 250,000 10.0kV SEI SEM WD 4.5mm 08:41:53

Fig.2.TEM view for TiO, nanoparticles
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Fig.3. XRD analysis for TiO2 nanoparticles with rutile phase
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Fig.4. Light absorption of TiO2 nanoparticles with rutile phase
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Fig.5. Emission of TiO2 nanoparticles with rutile phase

As can be seen from Figures 4 and 5 the highest peaks for TiO, were obtained at
300-350 nm wavelengths after UV irradiation of TiO, nanoparticles.Starting from this
wavelength (350 nm) the emission of the UV spectrum increases sharply in the upper
figures [7].Figure 6 shows the dependence of the wavelength of light absorption of a
solution of TiO2 nanoparticles on an S-150 monochromator.
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Fig.6. View of the wavelength dependence of light absorption of TiO2 nanoparticles

—_—
16

WWW.ajcnews.org



The sizes of TiO. nanoparticles used in the process ranged from 10 to 30 nm.The
wavelength dependence of the light absorption of hollow quartz glass used in the
photochemical process and then quartz glass with TiO> nanoparticles.In the
photochemical process the wavelength dependence of the light absorption of phenol+
TiO2 and phenol + N/TiO- systems with the S-150 device is also shown [8,9].Compared
to empty quartz glass with glass containing TiO. and chemicals the latter had more light
absorption at different intensities than empty glass [10,11].
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Fig.8. Wavelength dependence of light absorption of phenol + N/TiO, system

As can be seen in figures 7-9 the light absorption of the solution was intense in the
UV-irradiated area up to 400nm for the phenol+TiO2 mixture while the light absorption
of the phenol+N/TiO> mixture covered the area after 400 nm. Photochemical
decomposition of phenol in the presence of TiO> is already known from the literature
[12].

However photochemical processes involving TiO» nanoparticles with a complete
rutile phase have been studied for the first time [13]. Mathematical models of the
processes were also developed. Mathematical modeling was carried out by exponential
and logistic methods [14].
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Fig.9. Wavelength dependence of light absorption of phenol + TiO> system

CONCLUSION

1. Thus one of the key issues was the development of new methods for the
photochemical treatment of wastewater using nanotechnological methods to ensure
environmental safety. Rutile phase TiO. nanoparticles were used as photochemical
catalysts and for this purpose the photochemical properties of nanoparticles were
studied. The sizes of TiO2 nanoparticles used in the process ranged from 10 to 30 nm.

2. TiO2 nanoparticles have been studied by XRD, SEM, TEM analysis and light
absorption and radiation properties have also been studied.The average size of TiO;
nanoparticles with rutile phase was 10.3nm, the specific surface area of the crystals was
159.6m?/g.
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3KOJOIr'MYECKUE OCOBEHHOCTHA ®OTOXUMUNYECKUX CBOMCTB
HAHOYACTHUII TiO>

3. M. Kadwipoeq®®00-0002-1302:8227
bakunckuii 'ocyoapcmeennviii Ynusepcumem
elmina2010@mail.ru

Hanovacmuyvr TiO2 6 nocnednee @pems wWupoKo UCHONL3VIOMCA 6 IKOIOSUUECKU BAICHBIX
peaxyusx. Hanouacmuywr TiO» uzyuanuce ¢ nomowpio penmeeHocmpykmypro2o anam3za, [IOM
u COM. Ycmanogneno, yumo pazmep HAHOYACMUY OOHOPOOEH U 0ObIYHO Koehemcsi 8 npedenax
10-30 Hm.Pesynomamor COM-ananuza 6viiu makumu gice, KAk U pPeHMeeHOOUDPAKYUOHHBIL
ananus.B penmeenoougpaxyuonnvix cnexkmpax uanouacmuy TiOz Ovliu MoyHO npogepensvl
mouxku Ha ecex nuxax u Hanouacmuywvl TiO2 coomeemcmeoganu ¢aze pymuaa.Coenacho
memooy Illeppepa,cpeonuii pasmep TiO» no mouxe(101) 6w 10,3,a yoenvnas nosepxnocme
nanovacmuy cocmasun 159,6 m%/2. Cuenanvt nanovacmuy TiO, umenu xapaxmephvle nuku npu
27,90° (110), 36,01° (101), 41,58° (111) u 54,71° (211).

Knrouesvie cnosa: COM, [1OM, nano-TiO2, penmeenocmpykmyprulil aHaius, homoxumudeckue
peaxyuu.
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TiO; NANOHISSOCIKLORININ FOTOKIMYOVi XASSOLORININ EKOLOJi
XUSUSIYYOTLORI

E. M.Qad I I’OV&OOOO'OOOZ'BOZ'SZZ?
Baki Déviat Universiteti
elmina2010@mail.ru

Son zamanlar TiO; nanohissaciklori ekoloji cahatdon shamiyyatli reaksivalarda genis istifado
edilmisdir. TiO hissaciklori XRD, TEM, SEM analizlori ilo tadgiq edilmisdir. Miiayyan
edilmigdir ki,nanohissacCiklarin 0lctlari homogendir vol0-30 nm arasinda dayisir.SEM
analizinin naticalori XRD analizinin naticalori ilo eyni olmusdur.TiO, nanohissaciklarinin XRD
spektrlarinda biitin zirvalardaki noqtalor daqiqliklo yoxlanilmis va TiO, nanohissaciklari rutil
fazaya uygun galmisdir.Serrer metoduna asasan (101 )difraksiya ndgtasina asasan TiO»-nin orta
Olclsi 10,3, nanohissaciklorin ~ xtisusi ~ sath  sahasi 1596  m?lq  toskil
etmigdir.TiOznanohissaciklori Uglin xarakterik signallar 27,90° (110), 36,01° (101), 41,58°
(111) va 54,71° (211) zirvalarda miayyan edilmisdir.

Acar sozlar: SEM, TEM, nano-TiO,, XRD, fotokimyavi reaksiyalar.
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RESEARCH OF WATER ABSORPTION OF GEOCONCRETES ON
BASIS OF WASTE OF IRON ORE ENRICHMENT AND BOTTOM ASH
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Specimens of geopolymeric concrete on basis of waste of iron ore enrichment of Dashkesan’s
deposit and bottom ash of combustion of domestic waste were obtained. Herewith ratio of waste
mixture to binder made up 80:20. At obtaining of geoconcrete specimens the concentration of
bottom ash in waste mixture was variated in limits of 10-50%wt. Normality of water solution of
alkali activator was variated from 1IN up to 8N. Maximal values of water absorption of
geoconcrete specimens containing 10, 20, 30, 40 and 50%wt of bottom ash correspondingly
made up 9,9, 12,3, 11,9, 12,8 and 16%.

Keywords: geopolymeric concrete, enrichment waste, iron ore, bottom ash, water absorption.

INTRODUCTION

The continuous increasing of the world population and need for more buildings
increase demand for building materials. The conventional Portland cement is among
them. Portland cement is the most widely used material due to its low cost, wide
abundance and binding properties. World production of Portland cement is estimated
more than 4 billion metric tons annually and its world consumption can reach 200% till
2050 year [1].

However, manufacturing of Portland cement is related to emission of huge
amounts of carbon dioxide during obtaining of clinker [2]. International Energy Agency
reported that these emissions of carbon dioxide make up 6-7% from world emissions of
this gas [3]. Therefore, with the aim of decreasing of environmental pollution many
researchers offered to use new hydraulic binders for substitution of conventional
Portland cement. Among these binders the geopolymeric concretes became more
attractive due to their characteristics [4]. Geopolymeric concretes or inorganic polymers
are synthesized using several types of raw materials. These are mainly metakaolin and
bottom ash [5]. Hence, researchers recently began to use other solid anthropogenic
waste such as waste of mineral resource industry due to limitedness of resources of
metakaolin and bottom ash [6]. Mineral resource industry and processes of ores
enrichment generate huge amount of dry waste or by-products which are mainly barren
rocks, waste, slugs, ashes and sludges [7]. There are several environmental problems
related to utilization of these waste. These are physical instability and leaching of heavy
metals which lead to contamination of rivers and lakes [8]. Mineral resource industry is
an important part of economic development of any country. However, growing of the
mining waste makes one of the greatest issues in the world. This is a problem of
utilization of waste of mineral resource industry [9].

Thus, they must be developed more efficient measures on management and
reusing of waste of mineral resource industry. Thereupon, the review of literature
indicates that different methods of reusing of waste of mineral resource industry can be
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used for an obtaining of building materials. It is offered a using of mining waste as
aggregates for preparation of concrete [10]. Other researchers offer to synthesize fired
bricks from by-products of red clays [11]. Besides that, it is offered a using of coal mine
waste for development of ecofriendly bricks [12]. Some researchers offered to use waste
of mineral resource industry as a precursor in the synthesis of geopolymeric concretes
which are considered as an alternative cementitious material. Such waste can be mixed
with other aluminosilicate materials [13, 14]. They can also be used only as a precursor.

Since 50th years of the 20th century a production of iron ore was being conducted
in Dashkesan region of Azerbaijan. As a result of which a huge amount of waste of
barren rocks and waste of magnetic separation of iron ore were accumulated on the
production site. According to preliminary data, the amount of these waste make up
several tens millions tons. In the same time great amount of bottom ash and slugs of
combustion of domestic waste are accumulated on “Temiz Sheher” plant situated in
Baku. Therefore, utilization of abovementioned waste is rather actual problem.

Thereupon, the aim of the given research is a studying of water absorption of
geoconcrete specimens obtained on basis of waste of enrichment of Dashkesan’s iron
ore and bottom ash obtained by combustion of domestic waste.

EXPERIMENTAL PART

Materials on basis of waste of iron ore enrichment and bottom ash obtained by
combustion of domestic waste were obtained. Waste of enrichment of iron ore had a
following chemical composition (table ).

Table 1
Chemical composition of waste of iron ore enrichment

Na20 | MgO | A0z | SiO2 | P.Os | SOs3 | K2O | CaO | TiO2 | MnO | Fe2Os3 | CI

0,26 | 281 | 7,22 | 2517 0,2 [ 0,25| 0,58 | 21,6 | 0,38 | 0,75 | 24,45 | 0,02

Alkali silicate corresponding to GOST 13078-81 was used as a binder. Sodium
hydroxide (GOST 4328-77) was used for preparation of water solutions of alkali
activator of setting process. Bottom ash corresponded to technical specifications
AZ 1700914011-001-2013. Preparation of geoconcrete mixtures was carried out by way
of a mixing of initial constituents. Herewith the ratio of waste:binder made up 80:20.
Amount of bottom ash in the “waste of enrichment + bottom ash” mixture was variated
from 10%wt up to 50%wt. The mixing of initial constituents was conducted at ambient
temperature. After obtaining of pasty and homogeneous mixture the geoconcrete was
filled into cylindrical form prepared beforehand. A forming process was conducted
during a day. Then the hardened specimen of geoconcrete was extracted from the mold
and was subjected to thermal processing at 80°C during 16-20 hours.

Research of water absorption (Wwm, %) of geoconcrete specimens was conducted
by way of complete submersion of the specimen into water according to the GOST
12730.3-2020. Water absorption was calculated in accordance with formula:

m, —m
WMzwm—“-mO%
d
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where m,, — is a weight of wet specimen, g; m, — is a weight of dry specimen, g.
Weighing of geoconcrete specimens was carried out by the use of “KERNpLc”
analytical balance with accuracy of 0,001g.

RESULTS AND DISCUSSION

As is known the capability to absorb water is one of properties of materials made
from concrete. Knowledge in this field make it possible to define the areas and
conditions of a using of concrete. Water absorption of concretes is studied at the
expense of full submersion of specimen into water medium or of the partial submersion
of specimen into water. The researches with full submersion of specimens of the
geopolymeric concrete into water were conducted according to GOST 12730.3-2020.
Tests were conducted at ambient temperature and water absorption was defined by
gravimetric method. Specimens of geopolymeric concrete were obtained by
geopolymerization. Herewith ratio of waste mixture to alkali silicate made up 80:20.
Herewith the concentration of bottom ash in the mixture of waste was variated from
10% up to 50%wt. Concentration of alkali activator was changed from 1N up to 8N.

Results of the conducted experiments of geopolymeric concretes obtained from
mixes containing 10%wt of bottom ash are represented in fig.1. Herewith the
concentration of alkali activator was variated from 1N up to 8N. As follows from the
figure, the water absorption of geopolymeric concrete rapidly increases within the first 5
minutes of the exposition in the water medium. At increasing of exposition time of the
specimens up to 72 hours some decreasing of water absorption is observed. Then it is
stabilized. Thus, in this case the water absorption which takes place within the first
minutes of exposition can be considered as a desired water absorption. As follows from
fig.1 all Kinetic curves have a maximum which is reached within 5-10 minutes of
exposition. It should be noted that at increasing of concentration of alkali activator from
1n up to 8n the maximal value of water absorption is decreased from 9,9% up to 7,3%.

Such decreasing of water absorption can be explained in the following way. As is
known, a using of bottom ash which is a main binder in this case leads to a parallel
behavior of a foaming process and to a forming a pore structure. Presence of aluminum
in the initial waste is a reason of a foaming process. At low content of alkali activator
and at low concentration of alkali in the solution of activator the setting process occurs
slowly. Thus, a foaming process takes place in the less viscous medium. Increasing of
concentration of alkali activator accelerates the process of increasing of viscosity of
geoconcrete mix. Completeness of the material and its volume weight are increased as a
result of viscosity increasing and at slow occurring of a foaming process. This
circumstance is a reason of a decreasing of material porosity.

Decreasing of water absorption of the material at increasing of concentration of
alkali activator can be explained by that. On the one hand it is clear from the figure that
after reaching of maximum some decreasing of water absorption of the material occurs
at increasing of exposition time. From our point of view, it occurs so-called seeming
decreasing of water absorption. It is explained by that experiments were conducted by
gravimetric method, that is, by way of a weighing of specimens’ weight before and after
exposition. It was established that at geopolymerizing of specimens the non-crystallized
amorphous part of geoconcretes is washed away by water and passes into the solution
during exposition. In the same time, it promotes loss of weight of specimen.
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Fig.1. Kinetic curves of water absorption of geoconcrete specimens containing
10%wt. of bottom ash:
— alkali concentration 1N; = alkali concentration 2N; = alkali concentration 3N;
alkali concentration 5N; = alkali concentration 8N.

It should be noted here, that at increasing of concentration of alkali activator a
weight loss of specimen also rises and in accordance with fig.1 it achieves its maximal
value at 8n concentration. The fact is that during geopolymerization an alkali activator
acts as agent which dissolves and decomposes amorphous part of aluminosilicates
contained both in bottom ash and in waste of iron ore enrichment. Low concentration of
bottom ash and high content of alkali promote acceleration of setting process and lead
to increasing of system's viscosity. Herewith due to rapid growth of viscosity and
decreasing of lifetime of geoconcrete mass the crystallization process does not occur
completely. This circumstance leads to increasing of amorphous part of geoconcrete and
to increasing of washing away of mass by water. Therefore, using of high
concentrations of alkali activator at low containing of bottom ash is unreasonable.

Researches of specimens containing of 20%wt of bottom ash were conducted.
Research results are represented in fig.2. One can see from the figure that maximal
value of water absorption is reached within the first 5-10 minutes of exposition. Then
the exposition in water medium leads to some seeming decreasing of water absorption.
This circumstance was explained above and is related to loss of weight of geoconcrete
specimens. Thus, maximal value of water absorption is reached within the first several
minutes of water exposition. Herewith increasing of concentration of alkali activator
from 1N up to 3N is conducive to increasing of a water absorption as distinct from the
case described in fig.1. Then the further increasing of concentration of alkali up to 8N
only leads to decreasing of water absorption. Maximal value of water absorption takes
place at normality of alkali solution equal 3. Such changing of water absorption can be
explained. So, increasing of concentration of bottom ash up to 20%wt is conducive to
increasing aluminum content. This in turn accelerates a foaming process of the material
and forming of porous structure. The higher normality of solution of alkali activator, the
faster a foaming process and the higher a porosity of the material.
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Fig.2. Kinetic curves of water absorption of geoconcrete specimens containing
20%wt. of bottom ash:
—=alkali concentration 1N; = alkali concentration 2N; = alkali concentration 3N;
alkali concentration 5N; —= alkali concentration 8N.

A growth of water absorption as a result of increasing of alkali concentration is
explained by this. However, a further increasing of alkali normality more than 3N leads
to decreasing of water absorption. It is explained by that an increasing of solution
normality of alkali activator accelerates a process of setting of the material, reducing a
lifetime of geoconcrete mixture. Herewith viscosity of the system is increased with high
rate. This circumstance impedes a forming of porous structure and leads to decreasing
of water absorption. One can see that 72-hour exposition of specimens obtained at
changing of concentration of alkali activator from 1n up to 3N is conducive to lesser
mass loss due to reasons described above (see fig.2). An increasing of normality of
alkali solution up to 8 leads to a rapid increasing of mass loss or to a seeming
decreasing of water absorption. It should be noted here, that an increasing of bottom ash
concentration from 10%wt up to 20%wt is conducive to some decreasing of mass loss
as a result of wash-out of amorphous part by water. In this case in spite of excess of
alkali the increasing of bottom ash concentration is conducive to more involvement of
alkali in process of geopolymerization and destructive effect of the remaining excess of
alkali, to a lesser extent, influences process of forming of crystal structure. That is, the
crystallinity of the specimen is increased but volume of amorphous part is decreased.

Further it was studied water absorption of geoconcrete specimens containing
30%wt of bottom ash at different concentrations of alkali activator. Results of
conducted experiments are represented in fig.3. As is shown in fig.3, maximal values of
water absorption are reached during the first 5-10 minutes of exposition like in previous
cases. Then the further exposition in water leads to some seeming decreasing of water
absorption. It should be noted here, that specimens obtained by using of 1n solution of
alkali activator were possessed by maximal resistance to effect of water and had the
least mass loss.
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Fig.3. Kinetic curves of water absorption of geoconcrete specimens containing
30%wt. of bottom ash:
—alkali concentration 1IN == alkali concentration 2N; = alkali concentration 3N;
alkali concentration 5N; = alkali concentration 8N.

However, the further increasing of concentration of alkali activator leads to
increasing of mass loss (see fig.3). Maximal increasing of mass loss is observed at
increasing of normality of alkali solution up to 8N. It should be noted here, that an
increasing of content of bottom ash from 10%wt up to 30%wt leads to decreasing of
mass loss of specimens, even at normality of alkali solution equal 8. Such phenomenon
is explained by that the increasing of concentration of bottom ash is conducive to the
more involvement of alkali as an activator of dissolution and decomposition processes
of amorphous part of aluminosilicates because bottom ash is their main source in the
geoconcrete. In the same time, this circumstance reduces a destructive influence of
alkali upon crystallization and gel forming processes. Herewith crystallization process
occurs more completely and volume of amorphous phase is decreased. Thus, it occurs
the decreasing of wash-out of amorphous phase by water and also the decreasing of
mass loss. It should be also noted that the increasing of bottom ash concentration from
10%wt up to 30%wt leads to some intensification of a foaming process of geoconcrete
mixture which occurs in parallel. It occurs due to increasing of aluminum concentration
in geoconcrete mixture. Intensification of foaming leads to a forming more developed
porous structure and correspondingly to the increasing of water absorption in
comparison with cases represented in fig.1 and fig.2. Herewith maximal value of water
absorption is observed at normality of alkali solution equal 5. At 10% containing of
bottom ash this maximum is observed at concentration 2N but 20% containing of
bottom ash the maximum takes place at 3n concentration of alkali activator. Thus, at
increasing of content of bottom ash the displacement of the maximal value of water
absorption towards the higher concentrations of alkali activator is observed. This fact
can be also explained. The point is that at increasing of content of bottom ash the
concentration of aluminum added together with the ash is also increased. For the
ensuring of maximal water absorption, the more foamed structure is necessary because a
foaming process is directly related to quantity of added aluminum. Therefore, greater
amount of alkali is necessary for more quantity of aluminum. Thus, greater amount of
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bottom ash and correspondingly added aluminum is conducive to maximal foaming at
higher concentrations of alkali activator. A more intensive foaming process gives more
porous structure which is conducive to increasing of water absorption.

The further research was related to a studying of process of water absorption of
geoconcrete specimens containing 40%wt of bottom ash. At conducting of researches a
normality of alkali solution was changed from 1 up to 8. Results of conducted
experiments are represented in fig.4. In accordance with the results represented in fig.4,
maximal values of water absorption are reached during the first 5-10 minutes of
exposition of specimens obtained from concrete mixtures containing alkali solution with
normality 3, 5 and 8N. The further increasing of exposition leads to some seeming
decreasing of water absorption. Herewith in this case a maximal value of water
absorption is observed at studying of specimens obtained from mixtures containing
alkali solution with normality 8N. It should be also noted here, that specimens obtained
in the presence of alkali solution with normality 1 and 2 have a greater resistance to
water influence. In comparison with cases described in fig.1, 2 and 3, in this case the
mass loss is also observed. However, wash-out of amorphous phase occurs to a lesser
extent. The important fact is that at exposing of specimens obtained in the presence of
1n solution of alkali activator the maximal value of water absorption takes place only
during 30-minute exposition in water. This fact indicates that the given specimen has a
rather dense and microporous structure. It impedes diffusion and flowing of water into
deep layers of material, that is, it takes more time for that. Maximal water absorption of
specimens obtained from geoconcrete mixtures containing alkali solution with
normality 2N takes place at 10-minute exposition in water. This indicates some
decreasing of material density and predominance of structure with relatively large pores.
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Fig.4. Kinetic curves of water absorption of geoconcrete specimens containing 40%wt.
of bottom ash:
—— alkali concentration 1N; = alkali concentration 2N;= alkali concentration 3N;
alkali concentration 5N; == alkali concentration 8N.

Then the conducted researches were devoted to a studying of water absorption of
geoconcrete specimens containing 50%wt of bottom ash. As well as in previous cases
the normality of alkali activator was variated within the limits of 1-8N. The results of
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conducted experiments are represented in fig.5.
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Fig.5. Kinetic curves of water absorption of geoconcrete specimens containing
50%wt. of bottom ash:
—=alkali concentration 1N; =—alkali concentration 2N;=— alkali concentration 3N;
alkali concentration 5N; = alkali concentration 8N.

Herewith one can see that the maximal values of water absorption are reached
during the first 5-10 minutes of exposition. It should be noted that materials containing
50%wt of bottom ash have a relatively greater resistance to water influence than
materials which contain 10, 20, 30 and 40%wt of bottom ash. In this case the presence
of two maximums of water absorption are observed at 5-minute exposition of specimens
obtained from geoconcrete mixtures containing alkali activator solutions with normality
1IN and 8N. An appearing of such maximums is explained by the fact that at using of
alkali activator with normality 1N a lifetime of geoconcrete mixture is more. Herewith a
foaming process taking place in the geoconcrete mixture occurs more completely in
spite of its low rate. This makes it possible to obtain a certain porous structure in the
specimen. Presence of such porous structure is conducive to the increasing of water
absorption. At increasing of normality of alkali activator solution from 2N up to 5N
some compacting of the material occurs. This circumstance leads to some decreasing of
water absorption. Such compacting of the material is explained by the fact that the
increasing of concentration of alkali activator accelerates a process of setting of
geoconcrete mixture and reduces its lifetime. Herewith viscosity of the system is rapidly
increased and puts certain obstacles to forming a porous structure. This leads to
decreasing of water absorption. The further rising of normality of alkali activator
solution up to 8N leads to acceleration of a foaming process. In this case a rate of a
foaming process is equalized with rate of setting process of geoconcrete mixture which
occurs simultaneously. This makes it possible to reach a relatively high porosity of the
material within short lifetime of geoconcrete mixture. Presence of the second maximum
of water absorption for specimens obtained from geoconcrete mixtures containing alkali
activator solution with normality of 8n is explained by that.
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CONCLUSION

1.1t is established that water absorption of geoconcrete specimens is reached its

maximal value during the first 5-10 minutes of exposition.

2. Geoconcrete specimens containing in mixture of waste 10, 20, 30, 40 and

50%wt of bottom ash have maximal values of water absorption which correspondingly
make up 9,9, 12,3, 11,9, 12,8 and 16%.

3. Geoconcrete specimens containing in the mixture of waste 10 and 20%wt of

bottom ash are least resistant to influence of water.

4. Geoconcrete specimens containing in the mixture of waste 40 and 50%wt of

bottom ash are most resistant to influence of water.

5. A using of solutions of alkali activator with normality of 8N is reasonable if

containing of bottom ash in the mixture of waste makes up 40 and 50%wt.

10.
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HNCCIEAOBAHUE BOAOITIOIVIOINEHUA T’EOBETOHOB HA OCHOBE
OTXOJI0OB OBOT AIIIEHUSI KEJIE3HOM PYJIbI M1 30JIbHOI'O OCTATKA
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Azepbatioxcanckuii I'ocyoapcmeerHulil YHueepcumem Hepmu u [Ipomviuinennocmu
y.gahramanli@asoiu.edu.az

boviiu nonyuenvt obpasyvl 2eobemona Ha OCHO8e OMX0008 0002aUeHUS HCEeNe3HOU PYObl
Jlawkecanckoeo mecmopodcoenust U 301bHbIX OCIMAMKO8 CoCU2anust Oblmogulx omxo0o0s. Ilpu
9MOM COOMHOWEHUE CMecU Omx0008 K ceazyiouemy xomnouwenmy cocmaenano 80:20. Ilpu
noiyueHuu 00pasyos 2e06emoHO8 COoO0epicaHue WeEN0YHO20 aKmueamopa meepoeHus
sapvuposganoce 6 npedenax 10-50%macc. Hopmanenocms 600H020 pacmeopa ujenoyHo2o
akmueamopa eapvuposanace ¢ npeoenax 1-8N. Makcumanvuvie 3uauenuss 6000n0210ujeHUs.
obpasyos eceobemona codepocawux 10, 20, 30, 40 u 50%macc. 301bHO20 oOcmamka
coomeemcmeenro cocmaesunu 9,7; 11,5, 14,9; 12,5 u 14,4%.

Kntouesvle cnosa: ceononumepnsviii Oemon, omxoovl 0002aweHus, dicene3Has pyod, 30bHbl
0Cmamox, 6000N02/I0UjeHUe.

DOMIR FILIiZININ ZONGINLOSMOSI TULLANTILARI VO KUL
QALIQLARI 9SASINDA OLAN GEOBETONLARIN SU UDMA
DOROCOSININ TODQIiQI
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Daskasan  yatagimin  damir filizinin  zanginlogmasi  tullantilart  vo maisat  tullantilarin
vandwrilmasimin kiil galiqlart asasinda geobeton niimunalori alinmisdwr. Tullantilar garisiginin
alagalandirici komponenta olan nisbati 80:20 taskil etmisdir. Geobeton niimunalarinin alinmasi
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zamani barkimanin galavi aktivatorunun migdarr 10-50%Kkut hadlarinda dayisirdi. Qalovi
aktivatorunun sulu mahlulunun normalligi 1-8N hadlarinda saxianilirdi. Torkibinda 10, 20, 30,
40 va 50%hkiit kiil galigr olan geobeton niimunalarinin su udma daracasinin maksimal giymatlori
uygun olaraq 9,7, 11,5; 14,9; 12,5 va 14,4% toskil etmisdir.

Acar sozlar: geopolimerli beton, zanginlasdirmo tullantilari, domir filizi, kiil qaligi, su udma
daracasi.
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Phosphorus-containing polymeric sorbent based on butadiene-styrene rubber was used to
remove zinc, iron and chromium ions from water. The research was carried out to study the
sorption characteristics by determining the effects of various parameters, such as the pH of the
solution, the initial concentration of metal ions, the sorbent mass, the phase contact time, and
temperature. The regularities of the kinetics of the sorption of zinc, iron and chromium ions on
the phosphorus-containing sorbent synthesized on the basis of butadiene-styrene rubber were
studied. On the basis of the results it was defined that the process of sorption of zinc, iron and
chromium ions on the cation exchanger proceeds by an ion-exchange mechanism. The kinetics
of this process is a combination of external and internal diffusion kinetics (with some
predominance of external diffusion kinetics) and is better described by the pseudo-second order
reaction model. In addition, a certain contribution to the overall speed of the process is made
by the interaction of the sorbed ions with the functional groups of the cation exchanger.
Keywords: phosphorus-containing cation exchanger, zinc, iron, chromium, sorption, kinetics.

INTRODUCTION

It is necessary to use complex-forming ion exchangers, which possess high
affinity for polyvalent and heavy metals in order to solve technological problems
associated with obtaining high-purity substances in the processes of separation,
recovery, concentration of rare and non-ferrous metals. Such compounds include
phosphorus-containing cation exchangers with phosphoric acid groups [1, 2].

The aim of this work was to study the effectiveness of phosphorus-containing
sorbent based on butadiene-styrene rubber of the DSKK grade, used to remove Zn(ll),
Fe(I11) and Cr(111) ions from aqueous solutions. The method of synthesis of phosphorus-
containing sorbent by chemical modification (oxidative chlorophosphorylation reaction)
of industrial polymer - butadiene-styrene rubber was developed by our scientists and
described earlier [3-5]. It was found that this reaction proceeds using readily available
commercial reagents under mild conditions and using simple equipment. This paper
presents the influence of various parameters, such as the concentration of the initial
Zn(11), Fe(l11) and Cr(I1l) solution, the pH of the solution, the sorbent mass, contact
time and temperature.

The study of sorption kinetics makes it possible to determine the rate of
attainment of equilibrium, the maximum working capacity of an ion exchanger for a
certain solution composition, and the mechanism of interaction of metal ions with ion
exchanger during sorption.

EXPERIMENTAL PART

The modified butadiene-styrene rubber was used as the sorbent for studying the
sorption behavior of Zn(lI1), Fe(lll) and Cr(Il1) ions in aqueous solution. Phosphorus-
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containing sorbent was synthesized on the basis of butadiene-styrene rubber using PCls,
CCls, H2SOs and O, Butadiene-styrene rubber was purchased from the Voronezh
Synthetic Rubber Manufactory (Russia). PCl3, CCls, H2SO4 were purchased from Vecton
(Russia) and used without further purification. The working solutions of zinc sulfate were
prepared by dissolving a sample of ZnSO4x7H.0 in an appropriate amount of distilled
water. The ferric chloride working solution was prepared by dissolving the FeClsx6H,O
sample in an appropriate amount of distilled water. The working solutions of chromium
nitrate were prepared by dissolving a sample of Cr(NOs3)z in an appropriate amount of
distilled water. The pH value in the solution was established using an acetate-ammonia
buffer solution.

The concentrations of ZnSO4x7H>0, FeClzx6H>0 before and after sorption were
determined using a photometric colorimeter with an optical density determination at a
wavelength of 490 nm. The concentrations of Cr(NO3)z before and after sorption were
established using an ISP MS 7700e mass spectrometer.

Preliminary experiments began with the aim of studying the effect of the pH of
the solution, sorbent mass, contact time, temperature and the initial concentration of
metal ions on the sorption of Zn(1l), Fe(I11) and Cr(l11) ions by a phosphorus-containing
sorbent. Precisely weighed amounts of sorbent (0.05 g) were placed in flasks and filled
with  ZnSOsx7H,0, FeClsx6H,O and Cr(NOs)z solutions of different initial
concentrations. In this case, the initial concentrations of the samples were changed in
the range from 10 to 5x102 M. When studying the effect of the sorbent mass on
sorption, the mass of the sorbent was varied in the range from 0.01 to 0.1 g. The
solutions of Zn(lI1), Fe(lll) and Cr(ll1) with a pH of 1 to 11 were used in order to
determine the effect of the pH of the solution. A study of the dependence of the sorption
on contact time was carried out using 0.3 g of sorbent and 90 ml of ZnSO4x7H-0,
FeClsx6H,0 and Cr(NOs)s solutions with 10-°M concentration and changing the contact
time in a range from 3 to 65 minutes, and temperatures of 25, 35 and 50°C. In recent
experiments, the sample was taken every 3-5 minutes and analyzed on a
spectrophotometer. The sorption capacity (mg'g™?) and the degree of adsorption (%)
were calculated using equations (1) and (2):

SC=(co—ce) (1)
R — 100(Co—Ce) (2)
Co

where Co and Ce are the initial and equilibrium concentrations of Zn(ll), Fe(lll) and
Cr(III) ions in the solution, respectively (mg'ml™), V is the volume of the solution (ml),
and m is the sorbent mass (g).

The results showed that 102 M solutions, 0.05g adsorbent, was used as the
optimal concentration for studying the effect of pH on the sorption of ions. Based on the
results obtained, adsorption isotherms are determined.

The results were statistically processed using standard methods [6]. The average
error of the experiment was estimated to be less than 4%.

The kinetics of the sorption of ions from aqueous solutions with phosphorus-
containing cation exchanger synthesized on the basis of butadiene-styrene rubber was
comparatively studied in this paper under static conditions. The phosphorus-containing
cation exchanger was synthesized on the basis of industrial polymer — butadiene-styrene
rubber of the DSSK brand by the reaction of oxidative chlorophosphorylation using
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PCls in the presence of oxygen, followed by hydrolysis of the resulting modificant. The
method of obtaining the sorbent was described in the early works [3]. The pH value in
the solution was established using an acetate-ammonia buffer solution.

A 200 ml flask equipped with a magnetic stirrer was used in order to study the
sorption kinetics by limited volume method [6]. 90 ml of a previously prepared solution
with a component concentration of 10 mol'L? was placed in a flask. The experiments
were carried out at a constant temperature of 23 + 2°C and pH 6 (the indicated acidity of
the medium is optimal). 0.3 g (in terms of absolutely dry) cation exchanger was placed
in the solution. Analysis of the content of elements in all solutions was performed by
spectrophotometric method. The volume of taken samples did not exceed 2% of the
total volume.

RESULTS AND DISCUSSION
Fig.1 shows the dependence of the sorption of ions on time using the synthesized

phosphorus-containing sorbent. It is seen that for the phosphorus-containing sorbent
achieving equilibrium cationite-salt solution occurs after 65 minutes.
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Fig.1. Kinetic curves of sorption: a - of zinc ions, b - of iron ions, ¢ - of chromium ions

It is known that the sorption process is complex and multi-stage, and the
cumulative consideration of all stages of this process is difficult to implement, there-
fore, it is usually resorted to simplifications using the principle of the limiting stage [4].

The contribution of external diffusion to the sorption of ions on the phosphorus-
containing rubber sorbent can be described by the equation (3):

In(1—-F)=—-y-t, 3)
where F is the rate at which equilibrium is reached, calculated by formula F = at/ae (at

— the amount of sorption (mmol/g) at time t, a. is the amount of sorption in the
equilibrium state (mmol/g)); v is some constant value for these conditions; t - sorption
time (min).

The dependence -In(1— F) = f(t) is shown in Fig.2.

In(1-F)

t, min

= ————————————eeeeeee————
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Fig.2. Dependence of -In(1— F) on time t for sorption of: a - of zinc ions, b - of iron
ions, ¢ - of chromium ions

As can be seen from fig.2, only in the initial sections there is a rectilinear
dependence of the function -In(1- F) = f(t), and the kinetic curves do not describe only
the external diffusion mechanism throughout the entire process. In the course of the
process, the influence of the external diffusion factor decreases, while the intradiffusion
factor increases, and for the phosphorus-containing cation exchanger synthesized by us
this effect occurs much earlier than for the industrial cation exchanger. This means that
the process proceeds in a mixed diffusion mode, i.e. It is controlled by diffusion in the
solution film and diffusion in the cationite grain [5]. In order to evaluate the
contribution of internal diffusion to the sorption process, the empirical equation (4) is
used:

a, = kg - tY?, (4)
where a; is the amount of sorbed ion per unit cation exchange mass at time t, mol/g; kq is
the rate constant of internal diffusion, mmol-g *-min®?; t-sorption time, min.

—_—
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Evidence that the stage limiting the sorption process is internal diffusion is the
observance of a rectilinear relationship in the coordinates a; - t2 (fig.3).
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Fig.3. Dependence a;- t for sorption of: a - of zinc ions, b - of iron ions, ¢ - of

chromium ions
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In most cases this dependence is multilinear and is characterized by 2-3 sections,
and is described by the equation (3):

CLt = kd b tl/z + Al (5)

where A is the segment cut off on the ordinate axis of the a: = f (%) dependence.

The quantity A in equation (3) characterizes the thickness of the boundary layer.
The initial section describes the diffusion of sorbate through the solution layer to the
surface of the sorbent (external diffusion Kinetics). The second section, from whose
slope the rate of internal diffusion is determined, describes the intrinsic diffusion
process itself . It should be noted that in all cases, the process of diffusion of iron ions
on the phosphorus-containing sorbent synthesized on the basis of butadiene-styrene
rubber is described by equation (3), i.e. there is a mixed kinetics. In this case, the kinetic
parameters corresponding to internal diffusion characterize the slope angle of the
second section; The segment cut off by the continuation of this straight line on the
ordinate axis is proportional to the thickness of the film surrounding the ion exchanger
grain [7,8]. The rate constants of the external and internal diffusions are presented in
table 1.

Table 1
The rate constants of the external and internal diffusions
lon The rate constants of the | The rate constants of the internal diffusion
external diffusion

v R? kg, mmol-g* min®° A R?
Zn(I1) 0,3881 0,8866 0,1993 4,7925 |0,7118
Fe(l11) 0,0312 0,9136 0,8152 0,3879 | 0,952
Cr(I11) 0,1256 0,8265 136,59 731,41 | 0,988

R - is the correlation coefficient

It is assumed that a substantial contribution to the kinetics of the entire process
can be made by the sorption proper phase. Therefore, to describe the pattern of this
kinetic stage, the pseudo-first and pseudo-second order patterns of the reaction were
used, which in linear form are expressed by equations (6) and (7):

In(a, —a;) = lna, — k, ' t, (6)

t/at = 1/(k2 - a2) + (1/ae) "t ()

where a. and a; - the value of equilibrium sorption and the value of sorption at time t,
respectively, mmol/g; ki, ko are the rate constants of the sorption of the pseudo-first
(min?) and pseudo-second orders (g/mmol'min), respectively. According to the
equation (6) the In(ae-ar)-t dependence must represent a straight line from which the
values of ki and a. can be determined. The values of ki and a. calculated from these
dependencies are given in table 2.
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Table 2

The rate constants of the external and internal diffusions

lon The pseudo-first-order model The pseudo-second-order model
ae k1 R? ae Ko R?
Zn(l) 13,7816 | 10,3259 0,9308 6,0168 | 0,2562 0,9991
Fe(l11) 6,7727 0,0278 0,9302 8,8809 | 0,0052 0,8918
Cr(I11) 907,96 0,0999 0,9177 1666,7 | 0,0002 0,9933

It should be noted that, in spite of sufficiently high correlation coefficients, the
values of ae, obtained from the line In(ae-a:) - t, in most cases do not coincide with the
experimental values of a.. From the dependences t/a: - t, according to equation (7), k2
and ae were calculated.

CONCLUSION

1. In this study, the sorption capacity of the phosopher-containing sorbent
synthesized by oxidative chlorophosphorylation of butadiene-styrene rubber followed
by hydrolysis with respect to Zn(ll), Fe(lll) and Cr(l1I) ions was studied, determining
the influence of various parameters such as the pH of the solution, the initial
concentration of the salt, the sorbent mass, phase contact time and temperature.
Experimental results have shown that a phosphorus-containing sorbent based on
butadiene-styrene rubber can be successfully used to extract ions from aqueous
solutions.

2. Processing the kinetic curves of ions sorption on the phosphorus-containing
sorbent synthesized on the basis of butadiene-styrene rubber, it is defined that the
mechanism of the process is rather complicated. The low concentration of the iron salt
solution leads to the fact that diffusion of the solution film contributes to the overall
process speed. The mixed diffusion mechanism indicates the effect of diffusion on the
cationite grain. The application of the equations of chemical kinetics has shown that a
certain contribution to the overall process speed is made by the interaction stage of the
sorbed ions with the functional groups of the cation exchanger. The results obtained can
be useful in developing the sorption technology for purification of natural and waste
water from iron ions using phosphorus-containing sorbent based on butadiene-styrene
rubber.
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NCCIEAOBAHUME KHHETUKHU COPBIIUA NOHOB TAXEJIBIX
METAJUIOB

2.C KepuMoga0000-0001-7577-2900

bakunckuii 'ocyoapcmeennulii Yuusepcumem
elladakarimoval903@gmail.com

Docghopcodeporcauwuii NOTUMEPHBITL COPOEHM HA OCHO8E DYMAOUEH-CMUPOTIbHO20 KAYHYKA Obll
ucnonv3oean O YOanieHus UOHO8 YUHKA, Jicenesa U Xpoma u3z 6oovl. Hccnedosanue
NPOBOOUNOCH C YETbl0 U3VHeHUsl COPOYUOHHBIX XAPAKMEPUCTIUK NYMEM ONpeoesienus GIusHUs
PA3IUYHBIX napamempos, maxkux Kak pH pacmeopa, HauambHas KOHyeHmMpayus UOHOG
Memannos, macca copbewma, epems KoHmaxkma Gaz u memnepamypa. Hzyuenvl
3AKOHOMEPHOCMU KUHEMUKY COpOYUU UOH08 YUHKA, Jicene3d U XpomMa Ha ocgopcodepicaiyem
copbenme, CUHMEUPOBAHHOM HA OCHOBE OYMAOUEH-CMUPOIbHO20 Kayyyka. Ha ocnosanuu
NOMYYEHHBIX Pe3yIbmamos OnpedeneHo, Ymo npoyecc copoyuu UoH08 YUHKA, dcenesd u Xxpoma
Ha KamuoOHOOOMEHHUKe NpoOmeKaem Hno UOHOOOMeHHoMYy Mmexanusmy. Kunmemuxa smoeco
npoyecca npeocmasinem cooou KOMOUHAYUIO KUHEeMUKU 8HeuwH el U enympeHHel ouggysuu (c
HEKOmopbiM npeobaadanuem KUHemuKu eHewHeli ouggysuu) u nyuue onucvleaemcs Mooevio
peaxkyuu ncegdoemopozo nopaoka. Kpome mozo, onpedenenusiii 6xk1a0 8 00wy CKOpOCmb
npoyecca 8HOCUM 83AUMOOElCIEUe COPOUPOBAHHBIX UOHO8 C (DYHKYUOHANbHLIMU 2PYNRAMU
KamuoHOOOMEHHUKA.

Knrouesvie cnosa: cocgopcooepoicawjuii KamuoHooOMeHHUK, YUHK, dcene30, Xpom, copoyus,
KUHemuKda.

AGIR METAL iONLARININ SORPSiYASI KINETIKASININ OYRONILMOSI

ES. Kari mO\IaOOOO—OOO1—7577—2900
Baki Doviat Universiteti
elladakarimoval903@gmail.com

Sudan sink, domir va xrom ionlarimi ¢ixarmagq iigiin stirol-butadien kauguk asasinda fosfor
torkibli polimer sorbentdan istifada edilmigdir. Tadqiqat mahlulun pH, metal ionlarimn ilkin
konsentrasiyasi, sorbentin kiitlasi, fazalarin tamas muddati vao temperatur kimi muxtalif
parametrlarin tasirini tayin etmakla sorbsiya xususiyyatlorini 6yranmok maqsadilo aparilmusdir.
Stirol-butadien kauguku asasinda sintez edilmis fosfor torkibli sorbentda sink, damir va xrom
ionlarimin  sorbsiya kinetikasimin qanunauygunluglar: tadqiq edilmisdir. Alinmis naticalor
asasinda miiayyan edilmisdir ki, sink, damir va xrom ionlarimin kation dayigdiricida sorbsiya
prosesi ion mibadilasi mexanizmi Uzra gedir. Bu prosesin kinetikasi xarici vo daxili diffuziya
kinetikasimin  birlogmasidir  (xarici diffuziya kinetikasimin  bir godor Ustinliyld ilo) va
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psevdoikinci daracali reaksiya modeli ilo daha yaxs: tasvir edilmisdir. Bundan alava, prosesin
Umumi sliratine miayyan tohfa sorbsiya ionlarin kation dayigdiricisinin funksional gruplart ilo
qarsiligl tasiri ila edilir.

Acar sozlar: fosfor tarkibli kation dayisdirici, sink, damir, xrom, sorbsiya, kinetika.
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DEHYDROALKYLATION OF BENZENE WITH PROPANE ON
MECHANICAL
MIXTURES OF CATALYSTS
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The conversion of CeHg : CsHg mixtures on mixed catalysts (MMC) composed of the metal oxide
catalysts M,ReO,/Al,O3 (Pt or Ni -0.5 wt.%, Re-1.0 wt.%) and zeolites Y, MOR, and ZSM-5 in
the H form was studied. The products of benzene dehydroalkylation by propane and propane
dehydrogenation products are formed at 200-400°C. It has been shown that CsHs is activated
on the metal oxide catalysts and CeHs interacts with the zeolites yielding the CsH7+
intermediate, which acts as an agent of proton transfer from a zeolite to a metal catalyst, and
another intermediate CoHi3+ . Cumene, alkylbenzenes, and propene are formed as a result of the
conversion . Acomparison of the results of the conversion of these mixtures on the composite
catalysts with different zeolites shows that the formation of cumene and propene is thermally
controlled and the formation of the other products is Kkinetically controlled. It has been
concluded that the coupling of the redox properties of the metal oxide catalysts with the acid-
base properties of the zeolite catalysts facilitates the low-temperature transformations of the
CsHs : CsHs mixtures.

Keywords: dehydroalkylation, dehydrogenation, benzene, propane, mechanical mixture of
catalysts, zeolite isopropylbenzene, propylene

INTRODUCTION

The involvement of propane in the processes of the synthesis of valuable
products, such as cumene and propylene, is of great theoretical and practical
importance. The solution of this problem is related to the feasibility of the catalytic
activation of the conversion of this alkane into an intermediate capable of alkylating
aromatic compounds or the conversion into propene [1-5].

Formation of products conversion of benzene-propane mixtures MMC is
accompanied by the occurrence of three reactions: a) the alkylation of benzene; b) the
propane dehydrogenation; c) the formation of alkylaromatic hydrocarbons (ArH). The
course of these reactions depends on the contact conditions of the studied mixtures with
MMC [6,7].

Our studies on the M,Re/Al,O3+ H-zeolite catalytic system showed the feasibility
of benzene dehydroalkylation by propane even at 200°C and cumene production under
temperature conditionsclose to the conditions of benzene alkylation with propene [7].

Catalysts such conversions of methane and other gaseous alkanes may be metal
oxide and zeolite system. Therefore, the research aimed at the development of processes
involving methane and other gaseous alkanes in the processes of the formation of
intermolecular C-C bonds with new catalytic systems containing highly dispersed metal
particles on oxide and a zeolite carrier and their composites, relevant and promising
[8,9].
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The present work is devoted to the results of researches in this direction with the
purpose of finding-out of influence of the conditions of experiment and the nature of
zeolite component of catalytic system M, Re/Al>Os+H-zeolite (where zeolite Y, MOR,
ZSM-5) on conversion of CeHs: C3Hg mixes.

EXPERIMENTAL PART

Research has been carried out on the mechanical mixture of
aluminaplatinumrhenium catalyst (APRC) prepared by the known technique [6] and H-
forms of zeolites (Y, MOR, ZSM-5).

H-forms of zeolites have been prepared proceeding from the Na-form of industrial
zeolite. Completely replaced H-form of Y-zeolite was obtained by ionic exchange of
initial zeolite with water solution of ammonium chloride at 80°C (6 h). Obtained
zeolites have been formed with binding alumogel (20 mas. % Al>0z3).

Dealuminized form of mordenite has been prepared by triple processing of initial
Na-form of 2,5 N by HCI solution, cleaning of Cl ions and subsequent decationization
(3 multiple NH4Cl exchange), drying at 120°C and glowing at 450°C (on 4 h). Further,
the samples mixed with hydrocarbon gel aluminium oxide, formed, dried at 120°C and
calcinated at 350°C — 450°C (8 h). ZSM-5 has been translated into the H-form by 3
multiple processing of 2 N by NH4Cl solution with subsequent cleaning from ions CI°
and glowing at 400°C (4 h). Initial reagents propane and benzene had cleanliness = 99
% (Gas-liquid chromotografic analysis).

Conversion of propane-benzene mixes has been studied in the flowing reaction Kr
at 200-450°C, atmospheric pressure and reaction mix supplying weight hour space
velocity 125-1000 h.

When carrying out the experiments with CsHe: C3Hg =1 : 9 mix barbotage supply
of reactants in reactor has been used. In the experiments with other mole ratio of
components benzene in the calculated quantities has been supplied by the dosing pump
to the evaporator - mixer, further the mix entered the reactor. Variation of weight hour
space velocity (WHSV) has been carried out by respective change of the used catalyst
volume. WHSV 500 h* corresponded to the loading of the catalyst of 5 sm*. Before
experiments the catalyst has been processed by air at 400°C (4 h).

The products were analyzed using chromatography (AutoSystem XL,
Perkin_Elmer) and the amount of the components was expressed in % C, i.e., the
overall amount of carbon atoms participating in the reaction.

RESULTS AND DISCUSSION

Results of studying the conversion of CsHs : CsHg mixtures MMC showed that
only in the presence of benzene MMC has activity in a low temperature (= 180 °C)
conversion of propane. The introduction of small amounts of benzene into propane (for
example, 10 mol %) leads to its transformations and the formation of hydrogen, the
molar value of which corresponds to the total molar conversion of propane. Eduction of
hydrogen in the conversion of benzene-propane mixtures is a total reflection of the
noted reactions.
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The effect of the ratio of benzene conversion of propane and
a mixture of CgHe: CsHs. T =250 °C, V =500 h!

Content, mol. % Conversion, % The product yield, % C
CsHs CsHs CsHs CsHs IPB CsHs ArH
125 100 - 0 - - -
250 90 12 1.9 3.6 0.5 -
500 75 14 7.2 6.2 0.7 2.2
750 50 23 7.7 6.4 0.4 2.6
1000 0 0 - - - -

Conversion CeHs : C3Hg mixtures depends on the pretreatment of the catalyst.
Eduction hydrogen subjected to standard processing air MMC characterized by a period
of activation. This activation period MMC is associated exclusively with the interaction
of propane with AMR catalyst and, by analogy with methane, may be a consequence of
the partial reduction of the metal component of MMC (table 1).

It is seen from table 1, that the yield of conversion products CeHse : C3sHg mixtures
depends on their ratio. Changing the molar ratio of CeHe: C3Hg from 1 : 9to 1: 1 leads
to an increase in conversion of benzene and Co growth ArH composition.

Table 2
Effect of temperature on the conversion of a mixture
of CeHs: C3Hs (1 : 9 mol). On MMC- AMRC + HY; V =500 h!

T °C Conversion, % Product yield, %

! CsHs C3Hs IPB C3H5 NPB ArH Cl-Cz
200 4.8 0.6 1.4 0 0 0 0
250 11.4 2.0 3.1 0.6 traces 0 0
300 31.7 7.6 8.7 2.9 0.8 0 0
320 59.6 4.8 13.9 7.1 3.2 0.8 0
350 37.0 22.8 6.5 15.3 3.4 1.2 0
375 18.7 23.8 1.7 21.4 1.7 2.2 0
400 8.1 54 Traces 3.5 0.4 15 traces
450 11.3 3.3 0 1.5 traces 1.5 2.2

The results show that regardless of the nature of the zeolite component of the
MMC, carrier Bronsted acid centers, propylene begins to form at a temperature of 250
°C and its yield increases with temperature reaching a maximum value at 375 °C, i.e.
the maximum values of benzene conversion, and yield IPB (320 °C), and propylene are
different (table 2).

Varying the volume speed of from 125 to 1000 h? changes as the conversion of
components of CsHes:CsHg mixture and distribution of the reaction products (table 3) —
below than 500 h? is increased yield IPB and formations NPB and ArH with slight
amounts of propylene. Increasing the volume speed leads to a monotonic decrease of
benzene conversion, while the conversion of propane in the range of V = 125-500 h? is
reduced, and then increases again with growth the volume speed of from 500 to
1000 ht.

44
WWW.ajCnews.org



The effect of volume speed rate of reactants on the conversion
of benzene-propane mixture at MMC:AMPK + HZSM-5;T =250 ° C

Table 3

Conversion, %

Product Yield, %

-1

Vi h CeHs CsHs IPB CsHs NPB ArH
125 18.2 2.7 4.3 0.1 0.3 0.4
250 15.8 2.2 4.0 0.4 0.2 0.1
500 11.4 2.0 3.1 0.6 traces 0
750 10.2 2.9 2.8 1.4 0 0
1000 8.5 5.7 2.3 3.9 0 0

Varying the ratio of metal and acid MMC components leads to a change in the
transformation products CeHe : C3Hg mixtures. The data show that the type of zeolite
influences the conversion of individual components of the reaction mixture and the
yield (selectivity) of the reaction products.

The results obtained show that at sufficiently low temperatures contacting benzol-
propane mixture on the mechanical mixture of catalysts leads to the formation of
products of two thermodynamically difficult reactions: dehydrogenation of propane and
dehydroalkylization of benzol propane presence of a catalyst activation period
associated with partial recovery of the MMC metal component may suggest the
following scheme of MMC activation

M, ReOx/ Al,0; &» M=*-O -z ReOx!
-CO,, -H,0
contributing to the formation of some active bridge form of bound oxygen involved in
the activation of C3Hg

+CaHr - B

M0 2 ReOx 1 CHy = M ™ ReOx

The interaction of benzene with the H-zeolite component of MMC promotes the
formation of a stable benzolonium ion.

- . ®

H - zeolite +CcHy ~— [Zeohte F)ﬂLCGH7

able to migrate to the metal-containing component of MMC and interact with activated
propane.

®
—»| CcHy * C3H; J“M, ReOy
10

L,CH
_GH-H 5 7 N0
M ~0— Rer' + C6H7Jr = M\ / \RCOX'

CeHg—H

. @ . L o
The formed carbocatione [Cette - Cait] undergoes stabilization (with isomerization,
depending on reaction conditions) on the zeolite component of MMC

[zeolite]e +C6H§a . C¢H; == H- zeolite + products

CONCLUSION

1. It was found for the first time that on mechanical mixtures of catalysts
consisting of bimetal-aluminum oxide catalysts M, Re/Al,O3, where (M=Pt, Ni) and H-
zeolite (Y, HM or ZSM-5), low-temperature (> 180 °C) alkylation of benzene with
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propane to form isopropylbenzene and the product of its dealkylation and isomerization.

2. It was shown that the alkylation of benzene of propane on spatially separated
centers of mechanical mixtures (bimetal alumina and H-zeolite) catalysts proceeds by
cyclic transport of protons from acid centers on the metal reduction-oxidation and and
back ions Ce¢H7+and CeHs C3Hy7-.
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H3yueno  npespawenue cmecei CeHs : C3Hs na mexanuuecku cmewannvix xamanuzamopax
(MCK), cocmosiwux u3z memaiiookcuouvix kamaiuzamopos M,ReOx/Al1>0s (Pt uwwu Ni -0,5
mac.%, Re-1,0 mac.%) u yeonumose Y, MOR u ZSM- 5 ¢ H-popme. I[Ipodyxmut
0e2UOpPOANKUIUPOBaHUsi  OeH301a HPORAHOM U NPOOYKmMbl  0ecUOpUpo8aHus nNponaua
obpasyromes npu 200—400°C. Iloxazano, umo C3Hs axmueupyemcs na memannooxkcuoHwix
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xkamanuzamopax, a CeHs 63aumooeiicmgyem c yeonumamu ¢ obpasosanuem unmepmeouama
CeH7+, komopwiii Oeticmeyem kak azenm nepenoca npomoxa om yeoIuma K MemaiiudecKomy
Kamanuzamopy, u opyeozo unmepmeouama CoHiz+ B pesynomame npespawenusi oopasyromes
KyMOZ, ankunbensonvl u nponuner. CpaeHeHue pe3yibmamos NpespaujeHust mux cmecell Ha
KOMROZUYUOHHBIX KAMATUZAMOPAX C PATUYHBIMU YEOTUMAMU NOKA3bIeaem, 4mo o0pazosanue
KYMONA U NPONUNEHA KOHMPOIUPYEMC sl MepMU4ecku, a o6pazoeanue 0CmMaibHblX NPOOYKmog -
kunemuuecku. COenan 8bl800, YUMo couemanue OKUCIUMENbHO-60CCIMAHOBUMENbHBIX CEOUCME
MEMANIOOKCUOHBIX — KAMATUZAMOPO8 ¢ KUCLOMHO-OCHOBHbIMU ~ CEOUCMBAMU  YeOTUMHBIX
Kamaauzamopos oonezuaem HuskomemnepamypHoie npegpawerus cmeceti CeHs : CaHs.
Kniouesvie cnosa: oecuopoanxkunuposanue, 0ecuopuposanue, OEH30, NPONaH, MeXaHu4ecKdsl
cMech Kamanuzamopos, yeoaun uzonponuioen3o, nponuieH.

BENZOLUN PROPAN iLO DEHIDROALKILLOSMOSI
KATALIZATORLORIN MEXANIK QARSIQLARI UZRO

F.O. Babayeva0000-0003-4815-1070
Azarbaycan Milli EImlor Akademiyas:nin Neft-Kimya Proseslari Institutu
feridan@rambler.ru

CeHs : CsHs garisiglarinin metal oksid katalizatorlart M, ReOx/Al,O3 (Pt va ya Ni -0,5 agirlig
%, Re -1,0 ¢aki%) va Y, MOR va ZSM-5 seolitlarindan ibarat mexaniki qarisiq katalizatorlarda
(MQK) CsHs garisiglarimn ¢evrilmasi H saklinda. Benzolun propan ilo dehidroalkillogma
mahsullart va propan dehidrogenlasma mahsullar: 200-400°C-da amala golir. GOstorilmisdir ki,
CsHs metal oksid katalizatorlarinda aktivlasir, C¢Hg iso seolitlorla reaksiyaya girarak seolitdon
metal katalizatora proton dtiiriicii agent kimi ¢ixis edon CgHz+ ara mahsulunu va digar CoHiz+
ara mohsulunu amala gatirir. Transformasiya naticasinda kumen, alkilbenzollar va propilen
omalo @olir. Bu qarisiglarin miixtolif seolitlorlo kompozit katalizatorlarda cevrilmasinin
naticalorinin  mugayisasi gostorir ki, kumen vo propilen amalo golmasino termik, digar
mahsullarin amala galmasina isa kinetik nazarat edilir. Belo naticaya golmak olar ki, metal oksid
katalizatorlarimin redoks xassalarinin seolit katalizatorlarinin tursu-2sas xassalori ila birlogmasi
CeHe:CsHs garisiglarinin asagi temperaturda transformasiyasini asanlasdirir.

Acar sozlar: dehidroalkillogma, benzol, propan, katalizatorlarin mexaniki qarisigi, seolit
izopropilbenzol, propilen.
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MODIFIED CONCRETES BASED ON NON-CLINKER BINDERS
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The study of the properties of high-strength concrete on the basis of new binders made from
technogen waste is discussed. Theoretical provisions for the hardening of a clinker-free binder,
consisting of co-crushed dump steel-smelting slag, cullet, a modifying aluminum-containing
additive, and an alkaline component hardening under conditions of heat and moisture
treatment, have been developed. The optimal compositions of clinker-free binder and fine-
grained concrete based on it have been determined. At 25.0 MPa of the activity of the clinker-
free binder, the composition contains (metallurgical waste) slag -52%; cullet - 37%; modifying
aluminum-containing additive -11%; alkalis (activator) - 7.4% (by weight of the binder). It has
been established that to obtain fine-grained concrete grade M 150, it is necessary: 25% clinker-
free binder and 75% mixed aggregate, consisting of 35% steel-smelting waste slag and 65%
sand. With a water / binder ratio of 0.33.

Keywords: clinker-free cement, waste, modified concrete, metallurgical slag, glass-alkali
binder, slag cement.

INTRODUCTION

Concrete is a composite material consisting of various components, such as
artificial stone, obtained by mixing and hardening a mixture of adhesives and
aggregates with water, which can achieve the various properties required over a wide
range of components due to changes in proportions. Concrete structures are widely used
because they are technologically easy to obtain. Thus, the annual production of concrete
mixes in the world is more than a billion tons, and in Azerbaijan - more than 1,555000
tons [1].

The production of large volumes of materials in the construction materials
industry has a significant impact on the environment. To improve the environmental
situation, technologies that can use industrial wastes or their products as raw materials,
which are economically viable and resource-saving in industrial production, are being
widely used. For example, the production of Portland cement accounts for 5% of energy
production. The Norm cement plant alone produces 2 million tons of cement a year.

Due to the large volume of concrete produced, it is very important to use
resource-saving technologies for recycling waste. The use of metallurgical slag as small
and large aggregates in the production of heavy concrete has been well studied and
incorporated into industrial production in many countries [2].

The most promising way to reduce energy consumption in the building materials
industry is to replace Portland cement with clinker-free cement, ie with alkaline
adhesives in addition to activators, which has an environmentally friendly effect. Thus,
the economic efficiency of their production is high, as there is no need for capital
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investment in production equipment, field development, energy-intensive technological
operations.

Slag-alkaline cement is a high-strength hydraulic binders consisting of finely
ground slag (up to 95% of the total content) and an alkaline hardening activator (soda,
liquid glass, etc.), dominated by CaO, SiO2, AlbOz [3,4]. In the production of slag
cement, granular blast furnace, electrothermophosphorus and non-ferrous metallurgical
slags are used. Slag is similar to volcanic rocks and has a unique high-temperature
mineral composition that can vary even within the same plant due to the different
composition of the ore and flux used. The main property of slag is the presence of a
glass phase that interacts with alkalis during hardening on a special surface of
300m?/kg. As the number of small particles in the slag increases, the number of
structural defects with high surface energy increases, which increases the hardening rate
and strength of concrete. As an activating alkaline component, caustic and anhydrous
soda, potash, soluble glass-sodium silicate, as well as various man-made alkaline wastes
are more commonly used, which allows to obtain a significant amount of slag binders.

The optimal composition of alkaline compounds in the binders is 2-5% by weight
of slag. The high activity of alkali metal compounds compared to calcium compounds
allows to obtain a fast-setting and high-strength concrete. The presence of alkalis
intensifies the disintegration and dissolution of the slag glass in the solution, creating an
environment conducive to the formation and high stability of alkaline
hydroaluminosilicates and low-base calcium hydrosilicates. The low solubility of the
newly formed particles determines the stability of the structure over time, the durability
of the slag-alkali stone.

When slag cement is used in the production of concrete, there are fewer voids and
pores in the structure of the resulting cement stone, unlike ordinary Portland cement.
The difference between this binders and Portland cement is its high resistance to water
and frost and its low adhesion and fraction properties.

Azerbaijan State Oil and Industry University has prepared fine-grained concrete
consisting of 5-10% man-made waste (burnt foundry sand) [5]. As a continuation of this
work, we set a goal to prepare slag-alkali concrete.

The mineral component used is ground and granulated blast furnace slag from the
metallurgical waste of “Elektrotechonline”, Sumgayit. Granulated kiln slag is a man-
made waste formed during the smelting of iron ore and is formed as a result of rapid
cooling of the slag melt with water. This was made possible by the simultaneous
installation of laboratory grinding equipment - a centrifugal mill and a magnetic
separator - for fine grinding of metallurgical slages. In this case, the free iron particles
inside the slag are completely removed.

EXPERIMENTAL PART

In a centrifugal mill, the crushed slag has isometric particles with an amorphous
surface, which increases the activity of the slag. The bulk of granulated kiln slag is the
glass phase, which varies between 66.6 and 95% [6]. Minerals in slags - bicalcium
silicate, basaltic melilite, gelenite, melvinite crystallize (table 1).

The basic modulus is a characteristic of the activity of metallurgical slags and
their resistance to decomposition, and is determined by the ratio of basic oxides in slag
to acid oxides according to the following formula:
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Table 1
Chemical composition of granulated high-temperature Kkiln slag and glass waste (%)

Ingredients, %
mass, % Si
i02 | CaO | MgO | Al,Os | Fe2O3+FeO | MnO | SOz | Na2O+K>0
Blast furnace slag | 21 38 10 4,8 18 5 | 046 0,34
Glass waste 738 79 | 34 | 1233 0,2-0,5 - 0,5 14
Ca0 + MgO

7 Si0, + Al,04

Here CaO, MgO - the composition of the main oxide in the slag;

SiO2, AlLO3 - the composition of acid oxide in the slag.

For slags with more than one base modulus, all alkaline compounds or mixtures
there of may be used. The basic modulus of the granulated kiln slag under study is 1.9.

Preliminary grinding of blast-furnace slags was carried out in a centrifugal impact
mill with a built-in separator. The principle of operation of the mill is based on the
mechanical acceleration of particles and their impact on an obstacle. The grain
composition of the slag crushed in is shown in table 2. The physical properties of
granulated kiln slag are given in table 2.

Table 2.
Physical properties of granulated kiln slag
Feature Parametr

Fractional composition < 80 mkm 96,0
Fractional composition < 20 mkm, 60,0
Special surface area, m2/kg 450

basic module 1,9

actual density, kg/m3 2850
bulk density, kg/m3 1140

Grinding of the material takes place under high pressure and, by means of a
centrifugal separator, allows to obtain a product with a high specific surface area of 450
m2/Kkg.

Technical NaOH alkali was used as an alkaline activator (GOST R 55064-2012).

An aluminum-containing additive was used as a modifier. The composition of
waste from Ganja Aluminum Plant according to macro components is as follows
composition, (% of mass): A1,03 -45-47; MgO-0,73; SO -7.9; TiO> - 4.4; Fe>O3 -13-
18; Ca0 - 3; K»0- 0,16.

The qualitative composition of the sand, the modulus of size of the grains were
determined in accordance with the methodology [7] by laboratory scales and sieves.
Absheron sand with medium size modulus (M = 1,1) was used for concrete preparation.
This sand meets the standard requirements developed for construction works.

Obtaining liquid glass with the help of alkaline and modifying aluminum
additives was carried out in accordance with the developed technology:

- Obtaining a powdered waste mixture with 30% NaOH solution;

- processing at low temperature (90-95°C) with continuous stirring for 4-6 hours;
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- cooling of the purchased mineral glass.
A YAW-300D laboratory machine were used to perform the strength and
compression tests.

RESULTS AND DISCUSSION

The properties of slag cement are regulated by changing the composition of the
components and depend on the type of slag, the mineral composition and specific
surface, the type and concentration of the solution of the alkaline component. The
optimal composition for maximum activity without autoclave hardening was
determined: steel slag -52%; crushed glass - 37%; modifying aluminum-containing
additive - 11%; alkaline activator - 7.4% (depending on the weight of the binder). All
components are ground together to a specific surface area of 4500 sm?/g.The ratio of
water/binder and the type of activator affect the strength of the slag cement.

In the process of research, the optimal mode of heat and moisture treatment was
determined, which allows to obtain an binders with an activity higher than 25,0 MPa.

The influence of the properties and proportions of the components on the
rheological, structural and strength properties of slag-alkaline cement was studied
during laboratory researches. Also, research was conducted on the main technological
parameters of the production of fine-grained clinker-free concrete obtained on the basis
of modified slag glass binder.

The study of the effect of binder : filler ratio 1: 1, 1: 2, 1: 3 and 1: 4 on the
properties of concrete made with slag-glass binder shows that fine-grained concrete
without clinker (fig.1) has higher strength with mixed aggregate. With the formation of
gel-like compounds in the contact zone, the binder chemically interacts with alkaline
and moisturizing products, due to the self-compression effect leads to an increase in the
density of cement stone not only in the contact zone but also in concrete as a whole.
Increasing the density of concrete helps to improve its physical and mechanical
properties and structural properties.

R
= R

compressive strenght

._,
m ow o
.

-

-

75 50 75 100
sand content in the aggregate

Fig.1. Percentage of sand in the aggregate

Figure 1. and the effect of 1: 2, 1: 3 and 1: 4 ratio of glass-slag binder and filler on
the strength of concrete.

As a results of the work clinker-free concrete was prepared on the basis of slag-
alkaline cemento using waste.

At the same time, the effect of the properties of the components and the ratio of
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components on the quality characteristics of the concrete obtained during the study was
studied and its composition was optimized. The conditions of hardening of concrete
depending on the effect and duration of wet-heat treatment were studied.

Studies have shown that fine-grained clinker-free concrete without autoclave
hardening has high performance: in terms of mechanical strength - 15-20 MPa, frost
resistance - more than 200 cycles; water absorption - not more than 6%, has increased
operational stability and corrosion resistance in aggressive environments.

CONCLUSION

1. Developed theoretical positions of solidification of non-clinker binder,
consisting of waste fined slag, crushed glass, modifying alumina-containing compound
and alkali activator.

2. The possibility of using a clinker-free binder to obtain fine-grained concrete
and products based on them has been theoretically substantiated and practically
confirmed, which opens up a new effective way for the disposal of waste from
steelmaking, broken glass and aluminum-containing waste from the industry.

3. Optimal composition of non-clinker binding activity of 25.0 MPa: dump steel
slag -52%; crushed glass - 37%; modifying aluminum-containing additives -11%;
alkaline aktivatior - 7.4% (from the mass of binding).

4. It is established that for the production of fine-grained concrete grades M 150 is
not required: 25% of clinker binder and 75% of mixed aggregate, consisting of 30% of
dumped slag and 65% of sand. With a water-binding ratio of 0.33.

As a result of the research, a high-strength hydraulic binders (modified concrete)
without clinker was obtained on the basis of steel slag, which makes up a large
percentage of man-made waste in the metallurgical industry of Azerbaijan. Economic
calculation of costs and laboratory experiments show the practical feasibility and
economic feasibility of industrial production of slag cement binders.
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MOJNPULNPOBAHHBIE BETOHbBI HA OCHOBE BECK/IMHKEPHBIX
BSKYIIUX
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Obcyscoaemces UCCIe008aHUe CEOUCE BbILCOKONPOUHBIX DEMOHO8 HA OCHOBE HOBBIX GANCYUIUX
gewecms, U320MOGICHHBIX U3  MEXHO2EHHbIX o0mx0006. Paspabomanvl meopemuueckue
NONOJNCEHUS. MBEPOCHUSL DECKIUHKEPHO20 GANCYWE20, COCMOSWE20 U3 COBMECHHOUMEb-
YEHH020 — OMBANILHO20  CMANENIABUIbHO20 — WIAKA,  CMeKkao00s,  moouguyupyrouei
anomocooepxcawjeii.  000a8Ku U  WEI0YH020 KOMNOHeHmd, meepoerwe20 8 YCIo8UIX
MENN0BNANCHOCMHOU  00pabomku. Onpedenenvbl OnMuMAaibible COCMABbl OECKIUHKEPHO20
gAdMCYUC20 U MENKO3epHUCmo20 Oemona Ha e2o0 ocuoge. Ilpu 25,0 MPa axmuenocmu
OECKIUHKEPHO20 8ANCYUE20 8 COCMABe DEMOHA UMEemcst (MEMALLYPSUYECKO20 0mMX00a) WadK -
52 %,; cmexnobos - 37%, moouguyupyroweil anomocooepoicauel dobaexu -11%,; wenouu
(axmusamop) - 7,4 % (om maccel éadxcywezo). Ycmanogneno, umo Oia NoJIy4eHUs Meixkosep-
Hucmozo b6emona mapku M 150 neobxooumo: 25 % 6ecknunkeprozo eaxcywezo u 75 %
CMEUWAHH020 3anoaHumens, cocmosuezo uz 35 % omeanbho2o cmaneniasuibHo20 wiaka u 635
% necka. Ilpu 800o/éscywem omuowenuu 0,33.

Knrouesvle cnosa: OeckiunkepHblli yemenm, OmMX00bl, MOOUPUYUPOBAHHLIL  OEmoH,
MeMaIypeudecKue uiaKu, CmeKiouerouHoe 65 JCYyuee 6euecmao, WilaKyemeHm.

KLINKERSIZ YAPISDIRICILAR 9SASINDA MODIFIKASIYALI BETONLAR
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TK. Sarl'fbva 0000-0001-6689-3102

Azarbaycan Doviat Neft va Sanaye Universiteti
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Mbaqgals texnogen tullantilardan hazirlanan yeni yapisdiricilar asasinda yiiksak mohkomlikli
betonun xassalorinin oyronilmasindan bahs edilir. Klinkersiz baglayicinin barkimasina dair
nazari miiddaalar islonib hazirlanmisdir ki, bunlar birgs azilmis poladaritma posalart va
stiso tullantilarindan, modifikasiyaedici aliiminium torkibli alavadon va istilik - nam emal
saraitinda barkimani aktiviagdiran qalavi komponentdon ibaratdir. Klinkersiz yapisdirict vo
onun asasinda inco danali betonun optimal torkiblori miiayyan edilmisdir. Klinkersiz
baglayicinin aktivliyinin 25,0 MPa haddinda tarkib (metallurgiya tullantilary) slak -52%;
stisa qurmtilary - 37%, modifikasiya edici aliiminium alavasi -11%; qalavi (aktivator) - 7,4%
(vapisdiricinin ¢akisina gora) ibarat olmalidir. Miiayyan edilmisdir ki, M 150 markali inca
donali beton almagq iiciin 25% klinkersiz baglayict va 75% doldurucudan, doldurucu kiitlasi
isa 35% poladaritma slakindan va 65% qumdan ibarat olan qarisiq hazirlamaq lazimdur. Bu
halda, su/baglayici nisbati 0,33 tagkil edir.

Acar sozlor: klinkersiz sement, tullantilar, modifikasiyall beton, metallurgiva posalari,siisa-
qalavi baglayici, posali sement.
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AMINOMETHOXY DERIVATIVES OF CYCLOHEXANOL
AS BIOCORROSION INHIBITORS

S.V. |Smayi|ova 0000-0001-7399-5510
Institute of Petrochemical Processes of Azerbaijan National Academy of Sciences,

Based on cyclohexanol, aliphatic amines (diethylamine, dipropylamine, dibutylamine,
dihexylamine), and formaldehyde, new Mannich bases have been synthesized. The reaction was
carried out at a temperature of 78-80°C for 4-5 h in a benzene solution at an equimolar ratio
of the starting components. The yield of compounds was 63-80%. The physicochemical data of
the synthesized compounds were determined. The composition and structure of the target
products were confirmed by elemental analysis, IR, *H and **C NMR spectroscopy. Their
influence on the vital activity of sulfate-reducing bacteria (SRB) of the "Desulfovibrio
desulfuricans™ type at three concentrations (25; 50; 100 mg/l) was studied. The resulting
compounds showed high bactericidal properties. 1% solutions of these compounds in isopropyl
alcohol at a concentration of 100 mg/l showed a 100% bactericidal effect. Given that these
aminomethoxy derivatives of cyclohexanol affect bacteria at very low concentrations, they can
be proposed as effective inhibitors against sulfate reducing bacteria.

Keywords: cyclohexanol, aliphatic amines, Mannich bases, sulfatereducing bacteria, inhibitor-
bactericides, biocorrosion.

INTRODUCTION

One of the economic and environmental problems of oil companies is the
difficulties that arise due to corrosion during oil production and transportation of oil.
Corrosion leads to the destruction of production units, tubing and drilling equipment. A
significant part of the corrosion damage of oilfield equipment is due to the vital activity
of a number of microorganisms that enter oil reservoirs with river, lake, sea and waste
water pumped into it, previously untreated from bacteria [1]. In this case, the wells
become infected with SRB and other microorganisms. This complicates the operation of
the field and thereby accelerates the corrosion of oil industry equipment, and also
significantly reduces the quality of oil, thereby complicating oil refining. Oil companies
are showing increased interest in inhibitors, which, along with slowing down hydrogen
sulfide and carbon dioxide corrosion of metal equipment, have a bactericidal effect on
SRBs [2-4].

Organic compounds containing various functional groups and heteroatoms, such
as sulfur and nitrogen, along with biological activity, are characterized by antimicrobial
activity. Among the biologically active compounds of the cyclohexane series, their
amine-containing derivatives stand out, the value of which is associated with the
presence of two pharmacophore fragments in their molecules - a nitrogen-containing
group and a cyclohexane ring [5,6].

One of the easy and widely used methods for obtaining nitrogen-containing
compounds is the aminomethylation reaction. Mannich bases, having pronounced
antimicrobial and antifungal properties, have found their application as bactericide
inhibitors [7,8]. Mannich bases with a cyclohexane fragment, which have a wide range

—_—
54
ISNN: print 2663-7006; online 2709-2666


mailto:ismayilova_s_ch@mail.ru

of properties, also exhibit bactericidal properties, but their effect against the growth of
SRBs has been little studied [9,10].

EXPERIMENTAL PART

This paper presents the results of the synthesis and study of the properties of
aminomethoxy derivatives of cyclohexanol. For this purpose, the Mannich condensation
reaction of cyclohexanol (1), formaldehyde (Il) and secondary aliphatic amines
[diethylamine (I11), dipropylamine (IV), dibutylamine (V), dihexylamine (VI)] was
carried out. The reaction proceeds according to the following scheme:

R
+ CH=0 + HN\Rl o N R
OH gl

| 1l i-vi VII-X
R=R:= CHs (111, VII), CsH7 (IV, VII1), CaHs (V, 1X), CsHiz (VI, X)

The reaction was carried out at a temperature of 78-80°C for 4-5 h in a benzene
solution at an equimolar ratio of the starting components. The yield of the compounds
was 63-80%, with the maximum yield obtained using diethylamine.

To a mixture of 0.1 mol of formaldehyde (I1) and 0.1 mol of cyclohexanol (I) in
benzene, add 0.1 mol of secondary amine (I11-V1) dropwise at 20-22°C with stirring.
After cooling, the mixture was washed with 10% ammonia solution, then with distilled
water until neutral and dried over anhydrous MgSOs. After distilling off benzene, the
residue was distilled in vacuo. Target compounds are liquids with a characteristic odor,
insoluble in water, and readily soluble in organic solvents. The composition and
structure of compounds (V11-X) were established on the basis of elemental analysis, IR,
'H, and *C NMR spectroscopy. The physicochemical properties of the obtained
compounds (VI11-X) are presented in table 1.

Table 1
Physico-chemical properties of compounds (V11-X)
Tboil, °C 20 20 Yleld, Brutto-
Compounds (o, mm Hg) no d; % formul

N,N-Diethylaminomethoxy-

cyclohexane (V1) 111 (3) 1.4531|0.8861 | 80 | Ci1iH2sNO

N,N- Dipropylaminomethoxy-
cyclohexane (VIII)

N,N- Dibutylaminomethoxy-
cyclohexane (1X)
N,N- Dihexylaminomethoxy-
cyclohexane (X)

119 (3) 1.4551|0.8717 | 71 | CisH27NO

121-122 (4) | 1.454 | 0.8606 | 63 | CisHiNO

138-141 (8) | 1.457 | 0.8771| 65 | C1oH39NO

In the IR spectra of all synthesized cyclohexanol derivatives (VI1-X), there is no
absorption band in the region of 3334 cm™, which is characteristic of the hydroxyl
group, and absorption bands are observed in the regions of 1232 and 1024 cm™, related
to the stretching vibrations of the R3N group, absorption bands in the regions 1150,
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1134, and 1070 cm? refer to the stretching vibrations of the ether bond (C-O-C). The
IR spectra of compounds (VII-X) also confirm the structure of the synthesized
compounds (fig. 1).
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Fig. 1. IR spectrum of N,N-dihexylaminomethoxycyclohexane (X)

The *H and *3C NMR spectra of compounds (V11-X) also confirm the structure of
the synthesized compounds. The protons of the methyl group in the position of the
amine fragment give a signal at approximately 6 = 0.86 ppm. in the form of a triplet
(fig. 2). The protons of the methylene groups give signals in the ranges 6 = 1.2-1.86
ppm. in the form of a multiplet, and the protons of the CH>—N-CH: group, in the
regions 6 = 2.4-2.78 ppm. The CHO proton of the cyclohexane ring gives signals
approximately in the region of & = 4.07 ppm. in the form of a doublet of doublets. The
protons of the OCH2N group give signals approximately in the regions 6 = 4.4 ppm. in
the form of a doublet of doublets (J = 2.5 Hz, J = 6.5 Hz).
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Fig. 2. 'H NMR spectrum of N,N-dibutylaminomethoxycyclohexane (I1X)

56
WWW.ajCnews.org



RESULTS AND DISCUSSION

The bactericidal-inhibiting properties were studied according to OCT 39-234-89
at three concentrations (25; 50; 100 mg/l), 1143 strains of Desulfovibrio desulfuricans
were used as SBR, the nutrient medium was Postgate B, pH 7.0-7.5, the duration of
incubation was thermostat at 30-32°C - 15 days.

The synthesized compounds (VII-X) were studied as inhibitor-bactericides
against SRB according to the procedure [11]. For this purpose, 1% solutions of
compounds (VII-X) in isopropanol were prepared. The bactericidal effect of the
reagents is studied mainly by observing for 15 days and calculating the amount of H>S
formed at the end of the experiment. The formation of H>S is determined by iodometric
titration. For comparison, 2 samples without reagent were taken: control 1 and control
2. Control 1 — only Postgate B nutrient medium, control 2 — nutrient medium and SRB
cultures. The results of the study are presented in table 2.

Table 2
Inhibitor-bactericidal properties of 1% solutions of compounds (V11-X) in isopropanol

Reagent | Concentration, | Number of bacteria Amount of Bactericidal
c, mg/l (number of cell/ml) H>S, mg/l effect, Z-%
VII 25 107 213 16.4
50 10 89 60
100 10? 9.6 96.2
VI 25 106 162 36.4
50 103 57 76
100 10* 8.2 98
IX 25 10 105 52.7
50 10? 25 91
100 - — 100
X 25 102 45 82
50 10? 7.8 97.6
100 — — 100
Control 1 — 14.0 —
Control 2 108 222.0 -

Table 2 shows that all three samples showed high bactericidal properties.
Moreover, 1% solutions of compounds (IX) and (X) at a concentration of 100 mg/I
showed 100% bactericidal effect. A 1% solution of compounds (VII) and (VIII) at a
concentration of 100 mg/l showed 96.2% and 98% bactericidal effect. Compounds (VI1I-
X) at a concentration of 50 mg/l showed 60%, 76%, 91%, 97.6% bactericidal effect,
respectively. And at a concentration of 25 mg/l, the bactericidal effect of compounds
(VI1-X) was 16.4%, 36.4%, 52.7, and 82%, respectively.

CONCLUSION
1. Three-component Mannich reaction of cyclohexanol, formaldehyde and

secondary aliphatic amines was used to obtain aminomethoxy derivatives of
cyclohexanol. The yield of compounds was 63-80%. Their physicochemical properties
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were determined, the composition and structure of the obtained compounds were
confirmed using elemental analysis data, IR, *H, *C NMR spectroscopy.

2. The influence of the synthesized compounds on SRBs of the "Desulfovibrio
desulfuricans" type was tested at three concentrations (25; 50; 100 mg/l). Based on the
amount of hydrogen sulfide formed, the bactericidal effect of the presented samples was
calculated. It was found that at a concentration of 100 mg/l, compound (VII1-X) had
96.2%, 98%, and 100% bactericidal effect, respectively. It has been established that 1%
solutions of aminomethoxy derivatives of cyclohexanol exhibit high bactericidal
activity, and they act on bacteria at very low concentrations.
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AMUHOMETOKCHUITPOU3BOJHBIE IIUKJIOTEKCAHOJIA KAK
HUHI'MBUTOPHBI BUOKOPPO3UU
CB. HCMCZ1/7bl]l06(10000-0001-7399-5510
HUnemumym Hedpmexumuuecxux Ipoyeccoe HAH Azepbaiioscana
ismayilova_s_ch@mail.ru

Ha ocnose yuxnocexcanona, anugpamuyeckux amunog (OUDMUNAMUH, OUNPONUIAMUH,
OUOYMUNAMUH, OULEKCUNAMUK) U POpMATbOe2UOA CUHMESUPOBAHDL HOBble OCHO8aHUus Mannuxa.
Peaxyuro nposoounu npu memnepamype 78-80°C ¢ meuenue 4—5 u 6 pacmeope benzona npu
IKBUMONAPHOM COOMHOULEHUU UCXOOHBIX KOMNOHEeHmo8. Buvixoo coedumnenuii cocmasun 63—
80%. Onpeodenenvr puszurxo-xumuueckue ceoucmea cunmesuposanuvix coedunenull. Cocmas u
cmpoenue yenesvix npooyKmoe noomeepicoenvl memooamu snemenmnozo anausa, MK, *H u
BC  AMP  cnexmpockonuu. Hccriedosano — emusmue  ux —HA - AHCUSHEOESMENIbHOCHb
cynopameoccmanasnusaiowux 6axmeputi  muna “Desulfovibrio desulfuricans" 6 mpex
xonyenmpayusx (25, 50, 100 wme/n). Ilonyuennvie coeouneHuss nposiGuiU — GblCOKUE
baxkmepuyuonvie ceovicmsa. 1%-vie pacmeopvl dmux coeounHeHull 8 U30NPONUTOBOM CRUPME
npu xouyenmpayuu 100 me/n nposisunu 100%-uwiii baxmepuyuonviii d¢hhexm. Yuumoisas mo,
YUMo YKA3AHHLIE AMUHOMEMOKCUNPOU3B00HbIE YUKIO2EKCAHONA GIUSIOM HA Oaxmepuu npu
OUeHb HUSKUX KOHYEHMPAYUsX, UX MOJICHO HNPeOIoNCums 6 Kauecmee 3dphexmusHvix
UHSUOUMOPOS NPOMUB CYIbHAMBOCCMAHABTUBAIOWUX DAKMEPUIL.

Knwuesvie cnosa: yuxnocexcanon, —anugpamuyeckue —amuHvl, OocHosanusi Mannuxa,
cynvhampedyyupyrowue baxmepuu, UHeUOUMOP-OaKmMepuyuobl, GUOKOPPO3USL.

TSIKLOHEKSANOLUN AMINOMETOKSI TOROMOLORININ
BIOKORROZIYA INHIBITORU KIMI
S.V. Ismayilova00-0001-7398-5510
Azarbaycan Milli Elmlor Akademiyasimin Neft-Kimya Proseslari Institutu
ismayilova_s_ch@mail.ru

Tsikloheksanol, alifatik aminlaor (dietilamin, dipropilamin, dibutilamin, diheksilamin) va
formaldehid oasasinda yeni Mannix asaslart  sintez  olunmusdur. Reaksiya 78-80<C
temperaturda, 4-5 saat orzinda, benzol mahlulunda ilkin maddalarin barabar mol nisbatinda
apartlmisdir. Birlagsmalarin ¢iximi 63-80% togkil edir. Sintez olunmug birlagmalorin fiziki-
kimyavi gostoricilari milayyon edilmisdir. Maddanin qurulus va torkibi element analizi, IQ, 1H,
13C spektroskopiya itisullari ilo tasdiq edilmisdir. Onlarin ii¢ qatiligda (25; 50; 100 mq/l)
"Desulfovibrio desulfuricans"” tipli sulfatreduksiyaedici bakteriyalarin hayat faaliyyatinag tosiri
OYyronilmisdir. Alinmis birlasmolor yiksok bakterisid xasso gOstormisdir. Bu birlogmalarin
izopropil spirtinda 1%-li mahlullart 100mq/l qatiligda 100% bakterisid taSir QOStormisdir.
Tsikloheksanolun aminometoksi toramoalarinin ¢ox asagr qatiliqlarda bakteriyalara tasSir
gostardiklorini  nazora alaraq, onlart sulfatreduksiyaedici  bakteriyalara qarsi  effektli
inhibitorlar kimi toklif edila bilar.

Acar sozlar: tsikloheksanol, alifatik aminlar, Mannix asaslari, sulfatreduksiyaedici bakteriyalar,
inhibitor-bakterisidlor, biokorroziya.
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X-RAY DIFFRACTION STUDY OF BINARY ZINC-OXIDE
CATALYSTS

T_Ch_Taghiyeva0000-0002-0692-9043
Azerbaijan State Oil and Industrial University
tahmina.taghiyeva@ufaz.az

The phase composition of binary zinc-containing catalysts was studied by X-ray diffraction. It
was found that the formation of two phases of the initial oxides is observed in all the studied
catalytic systems. So, samples of the Zr-Zn-O catalytic system consist of phases of zirconium
and zinc oxides, samples of the Ce-Zn-O catalytic system consist of phases of cerium and zinc
oxides, while samples of the Mg-Zn-O catalytic system consist of phases of magnesium and zinc
oxides. It has been established that the crystallinity of binary zinc-containing catalysts varies in
the range from 70% to 89%.

Keywords: X-ray phase analysis, binary catalysts, zinc oxide, cerium oxide, zirconium oxide,
magnesium oxide.

INTRODUCTION

One of the most important monomers widely used in the petrochemical industry is
acetone. It is used as a solvent and as a raw material in different chemical industries.
Acetone is widely used in the chemical, paint, varnish, food, perfume, and textile
industries [1,2]. There are different methods for production of acetone. Nowadays, the
most widely used method is the cumene method of acetone production. This method is
widely used in many countries, such as the USA, Italy, France, Germany, and others.
However, this method has disadvantages. Benzene which is raw material of this process
is carcinogenic. Cumene obtained as an intermediate product in this process is not
environmentally friendly either. Moreover, in this reaction acetone is obtained together
with phenol, what decreases the yield of acetone. Thus, the production of acetone is
dependent on the market demands for phenol. The cumene route, the three-step process,
not only uses fossil feedstock and shows low yields, but also is highly energy-
consuming [1]. For this reason, new methods for acetone production are searched [2].
One of the most interesting methods for acetone production is the vapor phase reaction
of ethanol. The vapor phase reaction of ethanol is an interesting method for producing
acetone for many researchers. It is known from periodic literature that ethanol is
converted to acetone in high yield on zinc containing catalysts [2—4]. It has been
previously shown that ethanol is converted to acetone in high yield on binary zinc
containing catalysts [5,6]. It is shown that the yield of acetone and the selectivity of the
process with respect to acetone depend both on the reaction temperature and on the
composition of the zinc oxide catalyst, which may be due to a change in the phase
composition of binary zinc-containing catalysts, as well as the degree of their
crystallinity. In this regard, in this work, an X-ray study of binary zinc-containing
catalysts was carried out and the degrees of crystallinity of the synthesized samples
were calculated. The phase compositions of binary zinc-containing catalysts were
studied.
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EXPERIMENTAL PART

Binary zinc oxide catalysts were prepared by mixing aqueous solutions of nitrate
salts of cerium, zirconium, magnesium, and zinc. The resulting mixture was evaporated
and dried at the temperature of 100°C, after which it was transferred into a porcelain
cup and calcined at the temperature of 200-300°C until the complete release of nitrogen
oxides. After that, the catalyst was calcined at the temperature of 700°C for 10 hours.

Thus, in each catalytic system Zr-Zn-O, Ce-Zn-O and Mg-Zn-O, 9 samples were
prepared in various ratios of components, satisfying the following conditions:

mA/nB, where A- Zr, Ce and Mg; B-Zn; m,n =1+9; m+n =10.

X-ray studies were carried out on a “D2 Phaser” automatic powder diffractometer
of the “Bruker” firm (CuKa-radiation, Ni-filter, 5<20>75°). The degrees of crystallinity
of all the formed phases were calculated using the DIFFRAC.EVA program on the D2
Phaser device.

RESULTS AND DISCUSSION

The results of the conducted X-ray studies showed that two phases of the initial
oxides are formed in the Zr-Zn-O system: ZrO; and ZnO. Figure 1 shows the
diffraction patterns of all nine ratios of the Zr-Zn-O catalyst system put together. ZrO»
and ZnO oxides are also present at the beginning and end of these diffraction patterns.
The analyzes of the obtained X-ray diffraction patterns show that all the samples
consist of two phases and the percentage ratio of the components is preserved in all of
them, which is evidenced by the regular change in the intensities of reflections in the
diffraction patterns.

12000

40003 ANV W Aok N, RN A
- | 1 SRS s g,

E| fn\ /
sad Vi L_.__,__,.___.J;._/‘g__,’x.w./\_m/\_,»_.___
2000- ; ~

i S R i T——— - —
o A

o N A

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Fig. 1. X-ray diffraction patterns of zirconium and zinc oxides, as well as all nine
samples of the Zr-Zn-O catalytic system.

Analysis and interpretation of diffraction patterns in the Ce-Zn-O system
showed that at all ratios of cerium to zinc, the samples consist of two phases, namely,
CeO2 and ZnO. Figure 2 shows X-ray diffraction patterns of all nine ratios (mCr/nCu)
put together. For comparative analysis, X-ray patterns of CeOz and ZnO are also
presented at the beginning and end of these diffraction patterns. Analysis of X-ray

—_— =
61

ISNN: print 2663-7006; online 2709-2666



NDNSU

patterns shows that all the studied samples of this catalytic system consist of two phases
of cerium and zinc oxides. In all samples, the percentage ratio of the components is also
preserved, as evidenced by the regular change in the intensities of reflections in the
diffraction patterns.

9000 1 1Ce_82n_25002020.raw (Strip ko2) (Y-Offset)
1 2Ce_B2n_25092020.raw (Strip ko) (Y-Offset)
1 3Ce_TZn_25092020 raw (Strip kn2) (Y-Offset)
| 4Ce_BZn_25092020 raw (Strp ko2 (Y-Offset)
20001 1 5Ce_52n_25092020 raw (Strp kn2} (Y-Ofiset)
1 8Ce_42n_25092020 raw (Strp ko2) (Y-Offset)
| 7Ce_3Zn_25092020 raw (Strip ka2} (Y-Ofset)
1 8Ce_22n_25092020.raw (Strip kn2) (Y-Ofiset)
7000 9Ce_12n_25092020.raw (Strip ko2} (Y-Offset)
1 CeO2raw (Strip ke2)
I 1 20O raw (Stip k) (Y-Offset)

6000 ’
.

5000 o) RIS | ot | O SRy
5 I W U
o

40003 . PRSI CRRes | o S

J)&_~_/
3000 - = Ve
o e & e RSN ] S
2000~

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Fig. 2. X-ray diffraction patterns of cerium and zinc oxides, as well as all nine samples
of the Ce-Zn-0O catalytic system.

Figure 3 shows the diffraction patterns of all nine ratios of the Mg-Zn-O catalyst system
put together. At the beginning and at the end of these diffraction patterns, X-ray
diffraction patterns of the initial oxides of MgO and ZnO are also presented. An
analysis of the obtained diffraction patterns showed that, as in the previous samples, the
MgO and ZnO phases are formed at all ratios.
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Fig.3. X-ray diffraction patterns of magnesium and zinc oxides, as well as all
nine samples of the Mg-Zn-O catalytic system.

The results of calculating of degrees of crystallinity of all the formed phases
presented in table 1. As can be seen from table 1, the crystallinity of the catalytic
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systems Ce-Zn-O and Mg-Zn-O systems practically does not change with a change in
the atomic ratio of cerium and magnesium to zinc in the composition of a binary
catalyst, while with an increase in the content of zirconium in the composition of a
binary catalyst, its crystallinity decreases from 80.7% on a Zr-Zn=1-9 sample to 70% on
a Zr-Zn sample =9-1.
Table 1.
Crystallinity of samples of catalytic systems Zr-Zn-O, Ce-Zn-O and Mg-Zn-O

Ratioofthe |19 2.8 |37 |46 |55 |64 |73 |82 |91

atoms
Zr-Zn-0 80,7 | 759 [798 |790 |780 |799 735|724 |701
Ce-Zn-0O 76,3 | 755 | 78,7 | 754 | 775 |784 |757 | 790 |795
Mg-Zn-O 851 1844 |84 84.8 |84 87.3 713 | 856 |837
CONCLUSION

1. Binary zinc oxide catalysts with additions of zirconium, cerium, and
magnesium consist of two phases of the initial oxides; from oxides of zirconium and
zinc, oxides of cerium and zinc, as well as from phases of magnesium and zinc oxides.

2. The degree of crystallinity of binary zinc containing catalysts varies from 70%
to 89%.
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Penmeenoepaguueckum memooom uzyuen Hazoevlil cOCmasé OUHAPHBIX YUHK COOEPHCAUSUX
kamanuzamopog. Haitldeno, umo 60 6cex UBVYEHHLIX KAMATUMUYECKUX — CUCMEMAX
Habmodaiomcesi 0bpazosanue 08yx az uUcxoouvix oxcudos. Tax obpasyvl Kamaiumuyeckoll
cucmemvl Zr-Zn-0O cocmosam u3 ¢az oKcuo08 YuUpKoHust U YurKka, 00pasybl Kamaiumuyeckou
cucmemor Ce-Zn-O cocmosm u3 ¢haz okcuoos yepusi u yuHkd, a oopasybl KAmMaiumu4eckou
cucmemvr Mg-Zn-O cocmosim u3 ¢az oxcuoo8 MacHusi U YuHKA. Ycmanogneno, umo
KPUCMATIUYHOCIb OUHAPHBIX YUHK COOEPICAUUX KAMATUIAMOPO8 MEHAeMcsl 8 uHmepaaie om
70% 0o 89%.

Knrwueswvie cnosa: penmeenoghazosulii ananus, OuHaphvle KAMaiuzamopbl, OKCUO YUHKA, OKCUO
yepusi, OKCUO YUPKOHUSL, OKCUO MACHUSL.

BINAR SINK-OKSID KATALIZATORLARININ RENTGENOQRAFIK
TODQIQI
T C Ta gvly eV a.0000-0002-0692-9043
Azarbaycan Déviat Neft va Sanaye Universiteti
tahmina.taghiyeva@ufaz.az

Rentgenografik Gsulla binar sink tarkibli katalizatorlarin faza torkibi Oyronilmisdir. Askar
edilmisdir ki, dyronilmis sistemlorin hamisinda ilkin oksidlorin iki fazasimin amola galmoasi
miisahid> olunur. Belalikla, Zr-Zn-O katalitik sisteminin nimunalari sirkonium va sink
oksidlarinin, Ce-Zn-O katalitik sisteminin nlmunalari serium va sink oksidlarinin, Mg-Zn-O
katalitik sisteminin nimunalari isa magnezium va sink oksidlorinin fazalarindan ibaratdir.
Muayyan edilmmisdir ki, binar sink torkibli katalizatorlarin kristallikliyi 70%-dan 89%-dak
araliginda dayisir.

Acar sozlar: rentgen faza analizi, binar katalizatorlar, sink oksid, serium oksid, sirkonium
oksid, magnezium oksid.
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SEAL PRODUCTS AND THEIR ROLE IN THE PROCESS OF CONVERSION
OF ISOBUTENE ON A HIGH SILICA ZEOLITE CATALYST

l. J. Ahmedova 0000-0003-3004-4242
Azerbaijan State Oil and Industry University
ahmadovairada63@gmail.com

Conversion of isobutene on a high silica zeolite catalyst in the temperature interval
(473-773 K) has been studied. The formation of liquid reaction products is observed at
the temperature 473 K, whereas gaseous products form after 523K. Maximum yield of
liquid products is observed at the temperature 573 K and makes up 67 %. With increase
of contact time the yield of liquid reaction products shifts towards high temperatures.
Formation of aromatic hydrocarbons is observed at the reaction temperature higher
than 573 K. At the temperature 673 K the main mass of liquid products consists of
aromatic hydrocarbons. The activity of H-form of HSZ (HHSZ) in the process of
conversion of isobutene in the formation of liquid reaction products occurs only when
6-8% of seal products accumulate on its surface. By the method of ammonia adsorption
on the initial and coked catalyst their acidic properties have been studied. It was shown
that at the beginning of the process decrease in acidic properties of the catalyst occurs
due to accumulation of seal products on it.

Keywords: catalyst, activity, isobutene, zeolite, seal products, temperature, heterogen,
chromatography, spectroscopy.

INTRODUCTION

In a number of industrial processes of oil refinery and petrochemistry low
molecular weight hydrocarbons C>-Cs form at different stages as by-products that can
serve as raw materials for obtaining oligomers, high molecular weight and aromatic
compounds. A large number of works are devoted to the low molecular weight
hydrocarbons conversion study, mainly on natural and synthetic zeolites [1-3]. In these
works the ways of different hydrocarbons conversion routes, affect of technological
parameters on conversion rate and yield of different products, effect of the composition
of a catalyst (ratio Si/Al) on the conversion rate were studied in detail. However, as
final products of conversion of hydrocarbons only gaseous or liquid compounds were
considered. Nevertheless, we know that in many heterogeneous-catalytic processes of
conversion of initial hydrocarbons is followed by accumulation of coked seal products
(SP) on the surface of catalyst, which, on the one hand, are final products of the process,
on the other hand, they can affect on physico-chemical properties of a catalyst, and,
therefore, on the process flow. Participation of SP in the catalytic process was
mentioned before [6]. However, in the works listed above [1-3] formation of LH and
their influence on the character of conversion of initial hydrocarbons wasn’t considered.

In this work, along with the study of the general laws of isobutene conversion on a
zeolite catalyst, the dynamics of SP accumulation on the catalyst surface has been
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studied, and an attempt is made to identify the cause of their influence on the
hydrocarbon conversion process.

EXPERIMENTAL PART

In our work, the H-form of a high-silica zeolite (HHSZ, SiO./Al,03 = 54.2, Na;O
(0.1 %)) was used as a catalyst. The process of isobutene conversion was carried out in
a flow-through laboratory unit with an integral reactor at atmospheric pressure. The
catalyst volume comprised 2 cm?. Isobutene was obtained by dehydration of trimethyl
carbinol on an alumina oxide catalyst at a temperature of 623 K. Before the carrying
out the experiment, the catalyst was treated in a stream of air at a temperature of 773 K
during 3 h, after which the oxygen from the system was removed with a stream of
nitrogen purified from oxygen with copper chips at 573 K. The duration of the
experiments was ~ 10 hours. The reaction products were analyzed on an LHM-8M1
chromatograph and on a PC-20 spectrophotometer. The activity of the catalyst was
evaluated by the yield of liquid products.

Differential-thermal analysis of carbonized samples at different temperatures of
the catalyst samples was carried out on a derivatograph of E. Paulik, N. Eddei of the
“MOM?” company in the temperature range of 20-1000 °C.

The accumulation of seal products on the HHSZ during the conversion of
isobutene and the adsorption of ammonia on the initial and coked catalyst at different
temperatures were studied on a gravimetric installation with McBen weights with a
quartz coil.

RESULTS AND DISCUSSION
The isobutene conversion process at the HHSZ was carried out at 423-723 K and

various volumetric speeds (300, 500 and 1000 h) of its supply. The results of these
experiments are presented in fig.1.
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Fig.1. The dependence of isobutene conversion on temperature at various volumetric
speeds: 1-300; 2-500 and 3-1000 h™.
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At 473 K, the isobutene conversion degree made up 40.0; 38.4; 36.5 % at
volumetric speeds of 300, 500, 1000 h, respectively. With increase in temperature, the
conversion degree increases and at 673-723 K almost complete (more than 98 %)
conversion of isobutene is achieved at all the volumetric rates studied.

By means of chromatographic and infrared spectroscopic analysis, it was found
that gaseous products consist of C»-Cs saturated and unsaturated aliphatic hydrocarbons,
while liquid products, along with aliphatic ones, contain aromatic (benzene, toluene and
xylenes) and 2.8 % unidentified hydrocarbons as well. On this basis, it may be assumed
that, in addition to oligomerization, isobutene and the intermediate products of its
conversion undergo dehydrogenation, isomerization, cracking, dehydrocyclization, etc.

The formation of gaseous products begins at a temperature of 523 K. In the
process, Cz, CsHs and CsHg hydrocarbons are contained in the gas phase. The yield of
gases at this temperature does not exceed 3 %. An increase in temperature to 573 K
leads to the appearance of n-butane, butene-1, cis- and trans-butenes-2 in the products
of the isomerization process. The yield of gases in this case reaches 18 % at large
contact times. In the temperature range of 673-723 K, in addition to the listed gaseous
products, Cs hydrocarbons are also formed. The total yield of gaseous products is at the
same time is 50-55 % and slightly depends on the contact time.

The formation of liquid hydrocarbons begins at 453 K. Up to a temperature of 523
K, as well as on other types of zeolites, the collected condensate consists only of
isobutene dimers and trimers, the output of which at 473K is 33-40 % and weakly
depends on the contact time. Increase in temperature to 573 K leads to a significant
decrease in the yield of oligomers, however, the aromatic hydrocarbons benzene,
toluene, and m-xylene appear in the reaction products. The dependence of the yield of
liquid products on temperature is extreme. The dependence on the value of the
volumetric rate, the maximum vyield of liquid hydrocarbons falls at different
temperatures. At low volumetric velocities (300-500 ht), the maximum vyield of liquid
products is reached at 573-623 K and amounts to 67 and 56 %, respectively. Increasing
the volumetric rate leads to a shift of the maximum to higher temperatures. So, with a
space velocity of 1000 h, the largest yield of liquid hydrocarbons takes place at 673 K
and makes up 65 %. Increase in temperature to 723 K leads to a decrease in the yield of
liquid products, which is accompanied by an increase in the yield of gases.
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Fig.2. Dependence of the yield of aromatic compounds on temperature at different
volumetric rates during the conversion of isobutene: 1-300; 2-500; and 1000 h™.
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The yield of aromatic hydrocarbons increases with temperature, and at 723K their
total amount at volumetric rates of 300, 500, 1000 h?, makes up 41.9; 46.1; 46.4 %,
respectively (fig.2). A further increase in temperature above 723 K leads to a decrease
in the yield of aromatic hydrocarbons.

A characteristic feature of this process is the fact that in the initial period the
catalyst exhibits non-stationary activity. Depending on the reaction conditions during
the first 10-30 minutes after the start of the supply of isobutene, a high (more than 90
%) degree of isobutene takes place, however, there are no liquid hydrocarbons among
the products of the process, and the gas phase contains only hydrogen and small
amounts of methane. Then the degree of isobutene conversion decreases slightly, the
hydrogen content in the gas decreases significantly, and methane almost disappears. At
the same time, the formation of liquid products is detected, the yield of which first
grows and then stabilizes. It was also found that during this period, coke-like
compaction products are deposited on the catalyst.

Figure 3 depicts the accumulation of SP, the yield of liquid products as a function
of time in the process of isobutene conversion, and the regeneration curve of the coked
catalyst. As can be seen, under these conditions, 7.8 % of SP accumulates on the surface
of the HHSZ catalyst during the transformation of isobutene (fig.3,cr.1) within 20-25
min from the beginning of the process. Only after this the catalyst acquires activity in
the formation of liquid hydrocarbons, the output of which at 673 K amounts for 70 %
(fig.3,cr.2). The regeneration curve of the coked catalyst (fig.3,cr.3) indicates the
heterogeneity of the forming SP. The major part of them is removed by simply heating
to 700 K in a stream of nitrogen. The remaining part can only be removed by oxidation
with air at a higher temperature (723-773 K). The presence of heterogeneity of the
composition of SP was previously detected by us in the processes of conversion of
ethylene and butanes on a zeolite catalyst [4-6].
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Fig.3. Dependence of the accumulation of PU (1), the yield of liquid products on time
(2) and the regeneration of the catalyst on the temperature during the conversion of
isobutene at 500 °C
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In order to study the nature of accumulated compaction products, a differential
thermal analysis was carried out on HHSZ samples coked in the process of isobutene
conversion during 10 hours and without losing its activity (fig.4). On the DTA-curve of
the initial samples, a small endothermic effect is observed, which can be attributed to
the process of dehydration of the initial sample, and a smooth decrease in its mass takes
place on the TG curve.
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Fig.4. Differential thermal analysis of the initial (a) and carbonized HCB catalyst during
the transformation of isobutene (b) at 673K.

On the thermogram of the sample coked at 673 K, the DTA curve has a vast
exothermic effect with two maxima at temperatures of 753 K and 833 K (fig.4). The
presence of two maxima on the DTA curve indicates the presence of two different
components in the SP composition. The step form of the TG curve also proves the two-
phase composition of PU accumulated at 673 K.

To explain this phenomenon, it may be assumed that there are a large number of
strong acid sites on the surface of the initial catalyst, which provide strong adsorption of
isobutene, which ultimately leads to its conversion into seal products. As the SP
accumulate on the catalyst, some of these centers are blocked, what leads, on the one
hand, to a decrease in the conversion of isobutene, and on the other, to its conversion to
liquid products. After deposition on the surface of the maximum amount of SP for the
given conditions, the process proceeds for a long time stationary and is characterized by
stable in time values of the yields of gaseous and liquid products.

The acidic properties of the initial and coked catalysts were studied by measuring
the amount of ammonia adsorption on a gravimetric unit with McBen weights at room
temperature. The results are shown in fig.5.

As can be seen from the presented data, the initial catalyst is able to adsorb 8.6 %
(mass., %) of NHs, which is, as the calculation shows, about 3.10%* molecules of NHa/g
of the catalyst. Assuming that one molecule of NH3 is sorbed at one acid center, it may
be supposed that the concentration of acid centers on the surface of the initial catalyst

makes up 3-10%g?.
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Fig.5. Dependence of the amount of adsorbed ammonia at room temperature on the
initial (1) and on the coked at 673(2) catalysts during the conversion of isobutene on
time.

It is obvious that the acidity of the catalyst is due to the presence of both Brensted
and Lewis acid sites. Taking into account that oligomerization of olefins on zeolite
catalysts takes place at both types of acid sites [4], it may be assumed that coke
formation in this case takes place at both Brensted and Lewis acid sites. The termination
of the formation of SP in 20 minutes after the start of the process suggests that during
this period, seal products block all initial acid sites. However, new Brensted acid sites
(H*) are formed on the catalyst surface, at which olefin conversion can also occur. The
presence of such acid sites is confirmed by the fact that NH3 adsorption occurs on the
coked catalyst (fig.5,cr. 2). The presence of such acid sites accounts for 1.8-10%!g™.
Taking into account that coke formation does not occur at such acid sites, it can be
assumed that they have less acidic strength .

CONCLUSION

1. The obtained experimental results indicate that in the initial period of the
process, characterized by a high degree of conversion of the initial hydrocarbon and low
yields of gaseous and, especially, liquid products, at the strong acid sites of the zeolite
catalyst, mainly condensation reactions occur, accompanied by the formation of low
molecular weight gaseous products ( CHs and Hy).

2. At the same time, new Bronsted acid centers are formed on the surface of the
resulting SP, at which the initial hydrocarbon is transformed into liquid aliphatic and
aromatic products of the process. The stable activity of the catalyst is maintained for a
long time. HHSZ - H-form of high-silic a zeolite (SiO2/Al,03 = 54.2, Na,0<0.1 %) SP -
seal products
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IMPOAYKTHI YIINIOTHEHUA U UX POJIb B IIPOINECCE KOHBEPCHUU
N30BYTEHA HA BBICOKOKPEMHE3EMHOM HEOJIUTHOM
KATAJIM3ATOPE

H,ZZochxmedoea 0000-0003-3004-4242

Azepoatioscanckuii I'ocyoapcmeennuiti Yuueepcumem Heghmu u Ilpomviuiniennocmu
ahmadovairada63@gmail.com

H3yuena romeepcus uzoOymena Ha GblCOKOKPEMHEIEMUCNOM YeONUMHOM Kamanuzamope @
uumepsane memnepamyp (473-773 K). Obpazosanue HcUOKUX NpoOYKmMos peaxyuu
Habmodaemcs npu memnepamype 473K, moeda kax 2azo00paszmvle NPoOyKmsl 00pA3YIOMCs
nocie 523 K. Maxcumanoholll 8b1X00 HCUOKUX NPOOYKMO8 HAOII00Aemcs npu memnepamype
573 K u cocmasnsiem 67%. C ysenuuenuem epemeHu KOHMAKMA 6bIX00 IHCUOKUX HPOOYKMOS
peakyuu cmewaemcs 6 CMOpPOHY @vlcokux memnepamyp. Obpasosanue apomMamuyeckux
y211e6000p0008 Habaodaemces npu memnepamype peaxyuu eviuie 573K. Ilpu memnepamype 673
K ocnosnas macca orcudxux npoOykmog cocmoum u3 apoMamudecKux y2ie6000p00os.
Axmuernocme H-popmur HBKI] 6 npoyecce npespawjenus uzobymena ¢ 00pazosanuem HCUoKux
NPOOYKmMO8 peaxyuu Nposeusiemcsi moabko mozod, Ko20a Ha e20 NOGEPXHOCU HAKANAUBACTNCS
6-8% npoodyxmos ynnomuenusi. Memoodom adcopbyuu ammuara Ha UCXOOHOM U 3aKOKCOBAHHOM
Kamanuzamope usyyeHvl UX Kuciomuwvie ceoticmea. lloxazano, umo 6 Hauane npoyecca
NPOUCXOO0UM CHUdICEHUE KUCTOMHBIX CEOUCME KAMAIUIAMOPA 34 CHUem HAKONACHUs HA HeM
NPOOYKMO8 YNJIOMHEHUSL.

Knwuesvie cnoea: kamanuzamop, akmugHOCHb, U300yMeH, Yeoaum, npooyKmul YNIOMHEHUS,
memnepamypa, 2emepocet, Xpomamozpagus, CneKkmpocKonusl.
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iZOBUTENIN YUKSOK SILISiUMLU SEOLIT KATALIZATORU
UZORINDO CEVRILMOSI NOTICOSINDO OMOLO GOLON SIXLASMA
MOHSULLARI VO ONLARIN PROSESDO ROLU

I.. C. Ohmadova 0000-0003-3004-4242
Azarbaycan Dovlat Neft va Sanaye Universiteti
ahmadovairada63@gmail.com

Yiksak silisiumlu seolit katalizatoru (zarinda muxtalif temperatur intervalinda (473-773 K)
izobutenin konversiyasi tadqiq edilmisdir. Maye reaksiya mohsullarimin amoala galmasi 473 K
temperaturunda miisahida olunur, qazvari mahsullar 523 K temperaturdan sonra amala goalir
.Maye moahsullarin maksimal ¢iximi 573 K temperaturunda miisahido olunur vo 67% -taskil
edir. Kontaktin artmasi ila, maye reaksiya mahsullarimin ¢ixinmi yiiksok temperaturlara dogru
dayisir. Aromatik karbohidrogenlorin formalasmasit 573K-dan yuxar: temperaturunda miisahido
olunur. 673K temperaturunda maye mohsullarin 2sas kiitlosi aromatik karbohidrogenlardan
ibaratdir. Mlayyon olunmusdur ki, izobutenin H-formalr yiiksak silisiumlu seolit katalizatoru
(HYSS) Uzarinda cevrilmo prosesinda katalizatorun aktiviiyi prosesin baslangic anindan
25 dagige middatinda 6-8% sixlasma mohsullart amalo  Qoldikdan sonra miisahido
olunur. Ammonyak adsorbsiyasi disulu ilo onlarin tursu xiisusiyyatlori ilkin va
oksigenlonmis katalizatorda d&yronilmisdir. Géstorilmigdir ki, prosesin baslangicinda
katalizatorun tursu xassalorinin azalmasi onun iizorindo sixlasma mohsullarinin yigilmasi
hesabina bas verir.

Acar sozlar: katalizator, aktiviik, izobuten, seolit, sixlagsma mohsullari, temperatur, heterogen,
xromatografiya, spektroskopiya.
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SYNTHESIS OF COMPLEXES OF DIAZACROWN ETHERS AND
TRANSITION METALS AND INVESTEGATION OF THEIR BIOLOGICAL
ACTIVITY
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The synthesis of diazacrown ethers was carried out using efficient methods. New
dibenzoazacrown ethers with functionally substituted hydroxyl and amino groups in the
macrocyclic (MC) ring have been synthesized. The structure of the synthesized crown
compounds - determined by IR mass NMR, -spectroscopy. Methods for the preparation of
transition metal complexes with organic functional ligands based on diazacrown ethers having
four, five, and six coordinating atoms in the rings. The synthesized new diazacrown ethers, due
to hydroxyl and amino groups, increase the degree of intermolecular interactions and transfer
from a two-dimensional structure to a three-dimensional one, which has an increased their
biological activity.

Keywords: Crown ethers, transition metals, biological activity,complex.

INTRODUCTION

Methods for the synthesis of macrocyclic compounds are numerous and varied.
On the other hand, complex macrocycles with multifunctional groups containing
azacrown fragments have been studied to a much lesser extent [1,2]. One of the reasons
for this is the instability of the obtained compounds in chemical reactions, which
complicates the synthesis of aza crown ethers. In this regard, the search for new ways to
obtain azacrown compounds under "soft" conditions is an urgent chemical problem.
Basically, new methods of analysis and selective extraction of different inorganic ions,
separation of isotopes of radioactive elements, obtaining special monomers, polymers
and radiofrequency abrasions are formed on the basis of crown ethers [3]. Great works
are on the application of production of crown-ethers for the creation of photo- and
chemo sensors, selective for cations of metals, for photometric and fluorescent analysis
of soil and water. At the same time, crow-ethers are all the more studied and used in
excellent areas of science, for example, are actively conducting research on the
biological and medical potential of these compounds and their metal complexes [4].

At the same time investigation of new antibacterial substances and associated with
resistance to classical antibiotics and strains of pathogenic microorganisms is a main
problem of modern medicine. The most interesting direction in the study of crown
ethers and their metal complexes is the possibility of their use as amicrobial agents
especially against gram negative and gram positive microorganisms [5-8].

EXPEREMENTAL PART

In order to further use new azacrown compounds were obtained. We studied the
macrocyclization reactions of salicylic aldehyde with 1,4-dibromobutene-2 followed by
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condensation with diamino compounds. We synthesized new dibenzoazacrown ethers
by macrocyclization of salicylaldehyde with 1,4-dibromobutene-2 form 1,4-bis(2-
formylphenoxy)-butene-2.Further condensation with diamino compounds, namely,
ethylenediamine and triethyltetramine, and subsequent reduction of the corresponding
bis-imine derivatives with sodium tetrahydroborate, led to the formation of new
diazacrown ethers.
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An alternative synthesis was also carried out by a two-stage method, including, at
the first stage, the condensation of salicylaldehyde with the corresponding diamines,
followed by the reduction of bis-imine derivatives with sodium tetrahydroborate. The
second stage of the synthesis was a ring closure reaction of the corresponding derivative
with 1,4-dibromobutene-2, leading to the formation of a diazacrown ether.
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It has been established that when the macrocyclization reaction is carried out in a
three-component system, the yield is 30-35%. An alternative two-stage synthesis is
completed with a lower yield of the target product (20-25%).
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The purity and individuality of the synthesized compounds were determined by thin-
layer chromatography on a Silufol plate (eluent - a mixture of ethanol with diethyl ether
in a volume ratio of 1:1) and by melting temperature. The structure of the obtained
crown compounds was established on the basis of elemental analysis data, by mass and
NMR spectroscopy, and by studying the IR spectra of the samples.

In order to investigate physical chemical and biological properties of sintezed
substances some complexes of transition metals (cobalt and nickel) with synthesized
diazacrown ethers, which were used as polydentate ligands were obtained. (fig.1). The
elements cobalt and nickel, as is known have 2 electrons at the external energy level.
These electrons participate in chemical reactions with the electrons of the 3d orbitals of
the second level from the outside. Due to this, a chemical bond is formed in the
complexes.

W
NH NH NHNH th\

CH’: \‘CHA CH, CH,
OH L1 H L2
NH NH NH

NH
CH:/ TSCH;
: ~0

OH

Fig.1. Crown ether schemes used as ligands for (L) complexes

Ligands L1, L2, and L3 have four, five, and six potential coordinating atoms in the
rings, respectively. These crown ether complexes readily reacted with some transition
metals by adding the appropriate ligand to the appropriate metal chloride in methanol.
In this case, multi-colored crystals of the complexes are precipitated. Microanalytical
data confirm the stoichiometry of the complexes 1:1 (ligand:metal) for all obtained
complexes. The melting points of the complexes show that all complexes are thermally
stable.

Composition, yield, melting points and elemental analysis data of crystalline solid
complexes are given in table. 1.

Table.1
Transition metal complexes with synthesized diazacrown ethers date analysis
Complex Color Melting Yield Elemental analysis
point (C) (%) C H N
CoL1Cl-3H,0 |Dark-blue | 188-192 78 44,7 (44,5) | 56(59) | 54 (55)
NiL:Cl, -H>O Blue >250 86 48,0(47,9) | 54 (55) | 57(59)

CoLsChL-3H,0 | Brown | 190-194 74 | 455 (454) | 6,1(64) | 7,5(7.,5)

NiLsCl,-3H,0 Blue 216-220 81 | 453(454) | 63 (64) | 7,3(7.6)

NiLs(ClOs),  |Light-blue | 314-316 82 | 40,1(40,1) | 46 (47) | 6,7 (6,7)

CoL4Cl-3H,0 |Dark-green| 168-170 71 46,0 (46,2) | 6,6 (6,7) | 9,1(9,4)

NiL4Cl,-2H,0 Blue | 207209 | 79 | 47,3(47,6) | 6,5(6,6) | 9,3(9,7)
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RESULTS AND DISCUSSION

IR study of the resulting complexes shows that the absorption band v (C-N-C) at
1128-1140 cm-1 in free ligands shifts to 1110-1120 cm-1 during the formation of
complexes (fig. 2). This shows that the nitrogen atoms of the macrocyclic ring are
coordinated with metal ions. The absorption band v (Ar-OC) at 1245 cm-1 in free ligads
shifts to the region 1232-1240 cm-1, which indicates that oxygen atoms also take part in
coordination with metal ions.

In the complex of the synthesized diazacrown ether based on diethylenetriamine with
nickel perchlorate, strong bands are observed in the spectrum in the region of 1100 cm-—
1, which belong to the vibrational absorption bands of ClIO4-.
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Fig 2. IR study of complexes.

The essence of the procedure for obtaining complexes is as follows: to a hot
solution of the corresponding salt (0.3 mmol) in methanol (20 ml) was added solution of
the ligand (0.3 mmol) in methanol (20 ml). The resulting mixture was heated to reflux
for 0.5 h and then cooled to room temperature. The complex precipitated from the
solution was filtered off, washed with methanol and diethyl ether, and dried in a
vacuum.

The above method for the synthesis of complexes involving crown compounds is
also more profitable from an economic point of view. Since this method of synthesis
does not include the labour -intensive and resource-consuming process of obtaining
intermediate compounds.
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Table. 2
Data of ir spectroscopic analysis of the obtained transition metal complexes with the
synthesized diazacrown ethers

Complex IR date (sm™)

L1 3350, 3330, 1610, 1585, 1459, 1245, 1131, 758
CoL:Cl2-3H20 3300, 1602, 1585, 1494, 1240, 115, 575
NiL:Cl, -H,O 3300, 1598, 1489, 1235, 1118, 750

L3 3350, 3330, 3200, 1600, 1585, 1496, 1245, 1135, 758
CoL3Cl-3H20 3350, 1600, 1584, 1492, 1237, 1110, 756
NiLsCl -3H20 3350, 1600, 1582, 1490, 1238, 1112, 750

NiL3(ClO4), 3380, 3200, 1607, 1584, 1492, 1238, 1100, 752, 622

L4 3350, 3330, 3320, 1600, 1583, 1494, 1245, 1137, 756
CoL4Cl> -3H20 3350, 1598, 1487, 1238, 1115, 755
NiL4Cl> -2H,0 3350, 1598, 1489, 1237, 1114, 752

It was assumed that the resulting ligands would have biological activity against
microorganisms, so they were tested against Gram-positive Staphylococcus aureus and
Gram-negative strains of Escherichia coli. Tests of the antimicrobial activity of some
synthesized new chemical compounds were carried out by the disk diffusion method
and the method of serial dilutions.

The antibacterial activity of MC@Co and MC@Ni was tested by the micro-
diffusion method, performed on Petri dishes, against Staphylococcus aureus and
Escherichia coli.

Synthesized substances were taken in an amount equal to 30 pg. The colony of
Escherichia coli was cultivated on Endo's medium, Staphylococcus aureus on Baird-
Parker agar (the cultures were kindly provided by one of the clinical laboratories in
Baku).

Table 3.
Antimicrobial activity of synthesized compounds

Culture Concentration | MC@Co) (SAMPLE Ne 1) | (MC@Ni) (SAMPLE Ne2 )
(mg) zone of inhibition (mm) zone of inhibition (mm)
St. Aureus
. 5 - - - _
E. coli
2.5 - - _ i

The microbial load in all tests was 1 billion microbial bodies per 1 ml, of which
one drop was added to each tube. For a comparative study of the activity of the studied
preparations, well-known preparations (ethyl alcohol, rivanol, furacillin, nitrofungin,
ceftriaxon) were taken as controls. The results of the microdiffusion method showed
that the diameter of the inhibition zone as a result of exposure to the studied MC@Co at
a concentration of 5 on Staphylococcus aureus was 24 mm, and at a concentration of 2.5
it was 12 mm. (fig.3). The table shows that sample 1 and 2 has a strong anti-microbial
effect against St. Aureus. The zones of inhibition for MC@Ni at concentrations of 2.5
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and 5 were 15 and 28 mm respectively. The data obtained show that the bactericidal
effect of MC@Co and MC@Ni is associated with their inhibitory effect on the
formation of the cell wall of microorganisms, protein denaturation, impaired
permeability of the cytoplasmic membrane, and inhibition of enzymes important for the
life of bacteria.

Fig 3. The results of the microdiffusion method

CONCLUSION

Summarizing the results of our studies, we assume that the synthesis of complexes
based on azacrown ethers and transition metals have great potential for creating new
effective antimicrobial drugs against gramm positive microorganisms.
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CHUHTE3 KOMIUVIEKCOB JTUA3AKPAYH 2®HUPOB C IEPEXOJHbBIMH
METAJIJIAMHA U HCCJEJTOBAHME NX BUOJOTMYECKOM
AKTUBHOCTH

JL.3 Ba3up06a0000-00030008-8973

Azepbatiodscanckuii ['ocyoapcmeennuviti Ynueepcumem Hegpmu u Ilpomviuiniennocmu
vazirova.leyla@gmail.com

Cunmes ouazaxpayn-s¢hupos nposoounu d@@exmusHvimu memooamu. bvliu cunmesuposarvl
HO8ble OUOEH30A3AKPAVH-9PUpbl ¢ (QYHKYUOHATLHO 3AMEUWEHHbIMU CUOPOKCUTLHLIMU U
amunoepynnamu 6 maxpoyuxiuideckom (MK) xonvye. Cmpoenue cuHmesupo8aHHbIX KPAYH-
coedunenull - onpeodenero memooamu UK, macc u AMP cnexmpockonuu. Memoowst nonyuenus
KOMNIEKCO8 NePexOOHbIX MEMallo8 C OpP2aHUYeCKUMU QOYHKYUOHANbHOIMU JUAHOAMU HA
OCHOBe OUa3aKpayH-3pupos, umerwux yemslipe, Nameb U Uecms KOOPOUHUPYIOUWUX aAMOMO8 8
Koavyax Oviiu  usyyenvl. CummesuposamnHvie HOBble  OUA3AKPAYH-IPupbl  3a  cyuem
2UOPOKCUTIbHBIX U AMUHOZPYNA YEENUYUBAIOM CIENeHb MEeNCMONLEKYIAPHbIX 83aUMOOeticeull U
nepexoosim om O08YMEPHOU CMPYKMYpPbl K MPEXMEPHOU, Ymo NOGbliaem ux OUOI0SUYECK)IO
AKMUBHOCMb.

Kntouesvie cnosa: Kpayn-sgpupsi, nepexoonvie memannvl, OUOIOZUYECKAS AKIMUBHOCMD,
KOMMNJIEKCbL.

DIAZAKRAUN EFIRLORI VO KECID METALLARINDAN iBAROT
KOMPLEKSLORIN SINTEZI VO ONLARIN BIOLOJI AKTIVLIYININ
TODQIQI

L.Z Vazirova0000—00030008—8973
Azarbaycan Dovlat Neft va Sanaye Universiteti
vazirova.leyla@gmail.com

Diazakron efirlarinin sintezi somorali iisullarla aparilmisdir. Makrosiklik (MC) halqada
funksional  avazli hidroksil va amin qruplari olan yeni dibenzoazakraun efirlori sintez
edilmigdir. Sintez olunmug Kraun efirlarin strukturu 1Q, kiitlo voa NMR spektroskopiya iisullar
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ilo tadqiq edilmisdir. Makrotsiklik halgada dord, bes vo alti koordinasiya edici atoma malik
olan diazakraun efirlari asasinda tizvi funksional ligandlarla kecid metal komplekslari sintez
olunmusdur. Hidroksil va amin qruplart hesabina sintez edilmis yeni diazakraun efirlori
molekullararasi qarsiligl tasirlarin  artmas: naticasinda ikiolgulu strukturdan bioloji aktivliya
malik olan zi¢élgiilii qurulusa kegir.

Acar sozlar: Kegid metallari, kraun-efirlari, bioloji aktivlik, komplekslar.
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HYDROGENATION OF CARBON DIOXIDE ON SIRAL
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The reaction of hydrogenation of CO, in flow mode at atmospheric pressure on Siral
aluminosilicates with 1, 10, and 40 wt.% SiO, and containing Co and Co-Pd has been studied.
The synthesized catalysts were characterized by XRD and EPR spectroscopy. It has been
established that on catalysts containing only cobalt, at a reaction temperature of < 300°C,
practically only methane is formed, and at a reaction temperature of T > 300°C, methane and
no more than 1% CO are formed. It is shown that with an increase in the SiO./Al,Os ratio, a
decrease in the methane yield is observed. The introduction of palladium into the composition of
the Co/Siral catalyst stimulates the formation of methanol, the yield of which increases with an
increase in the reaction temperature and reaches its maximum value at a reaction temperature
of 500°C for the Co,Pd/Siral-10 catalyst. The mechanism of the reaction of CO, hydrogenation
to methanol and the role of palladium in this reaction are discussed.

Keywords: carbon dioxide, hydrogenation, methane, methanol, Siral, Pd, Co.

INTRODUCTION

In recent years, the search for non-traditional raw materials for hydrocarbon production
has been intensively conducted. At present, the problem of converting CO; into valuable
chemical products is gaining importance, since this process can also be used for the utilization
of CO, emitted in large quantities into the atmosphere [1]. One of the uses of CO: is its
hydrogenation into methane, a synthetic substitute for natural gas, and methanol [2, 3]. The
involvement of a stable carbon dioxide molecule in chemical processes is hampered by the
lack of effective catalysts that allow the conversion of CO- into hydrocarbons, alcohols, and
other valuable products with high yields and selectivity [4].

Despite the fact that a large number of theoretical studies and experimental
observations have been carried out using a variety of catalysts and metal-based modifiers, the
mechanisms for the hydrogenation of CO. to methanol are still controversial. There is still no
consensus on how the CO2 molecule is activated on the catalyst surface. In the literature, there
are two ways describing the route of obtaining methanol. One of them is the formate pathway,
where the rate of formation of the intermediate HCOO is usually considered to be the
determining one [5]. The other way goes through the formation of CO by the water-gas shift
reaction (WGSR) reaction and the usual conversion of synthesis gas to methanol (CO + 2H;
— CH30H). The formate mechanism suggests that CO can be formed by the decomposition
of methanol, while the second mechanism can explain the direct formation of CO from
WGSR as the main product [6]. This paper presents the results of studying the reaction of
CO:2 hydrogenation on Co- and Co,Pd- containing samples of Siral aluminosilicate,
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phase composition and magnetic properties, previously reduced at 450 °C in a hydrogen
flow.
EXPERIMENTAL PART

SIRAL aluminosilicates (SASOL, Germany) with SiO2 content of 1, 10 and 40 wt %
were used as carriers for the preparation of catalysts [4]. Catalysts were prepared by
impregnating supports with an aqueous solution of Co(NOs), 6H.O and PdCl,. After
drying, the catalyst was molded into balls with a diameter of 2-3 mm and calcined at 500°C
for 4 hours. The reduction of the catalysts was carried out in a stream of hydrogen at a
temperature of 450°C for 1 hour.

The phase composition, structure, and magnetic properties of the synthesized
catalysts were characterized using an XRD 3500 TD X-ray diffractometer, China, and
EMRmicro electron magnetic resonance spectrometer, Bruker, Germany.

Catalytic testing of samples in CO> hydrogenation was carried out in a flow reactor
with on-line chromatographic analysis of gas-phase reaction products using a Perkin Elmer
Instruments Auto System XL chromatograph.

RESULTS AND DISCUSSION

Tables 1 and 2 show the compositions of CO. hydrogenation products over 10%
Co/S-1,10,40 and 10% Co,0.5%Pd/S-1,10,40 catalysts (reaction conditions: atmospheric
pressure, CO; : H; ratio is 1:3, space velocity - 120 h?).

Table 1
Composition of CO> hydrogenation products into hydrocarbons on Co/Siral-1,10,40 oxide
catalysts: P =0.1 MPa, CO; : H, = 1:3, vol. W =120 h*
*Chromatographic analysis was performed every 30 min. from the start of the reaction.

Conversion of Selectivity, Yield, %
Catalyst T,°C CHa C2Hs CO
CO2, % . - -
sel. | yield sel. yield sel. | yield.
200 55 99.5 | 55.7 0.5 0.28 - -
, 300 58 99.6 | 57.8 0.4 0.23 - -
Co/SIRAL-L 400 52 98.7 | 51.3 - - 1.3 | 0.68
500 41 97.8 40 - - 2.2 0.9
200 38 100 38 - - - -
. 300 41 100 41 — — — -
Co/SIRAL-10 400 37 97.3 36 - - 2.7 | 0.99
500 28 96.8 | 27.1 - - 3.2 | 0.89
200 29 100 29 - - - -
: 300 33 100 33 - - - -
Co/Sl 40 400 29 96.6 28 - - 3.4 | 0.98
500 25 98.8 | 24.7 - - 1.2 0.3

—_—
82

WWW.ajCnews.org




Table 2

Composition of CO> hydrogenation products to hydrocarbons on Co,Pd/Siral-1,10,40
oxide catalysts, P = 0.1 MPa, CO; : H, = 1:3, vol.W-120 h1*
*Chromatographic analysis was performed every 30 min. from the start of the reaction.

Conversion Selectivity, Yield, %

Catalyst T,°C CH4 C2Hs CO

of CO2, % - . -
sel. | yield | sel yield | sel. | yield.

200 49 988 |484 |12 |06 : -

. 300 54 939 [50.7 |41 |31 20 |02

Co, PA/SIRAL-1 400 57 847 | 483 |47 |35 106 |52
500 65 672 | 437 |91 |59 237 |15.4

200 54 985 | 532 1093 |05 057 |03

. 300 56 898 [503 |1.96 |11 824 | 4.6

Co, PA/SIRAL-10 55 62 765 | 474 |50 |31 185 | 115
500 69 574 396 |135 |93 291 | 201

200 a1 992 [ 406 |049 |02 048 |02

. 300 13 963 |414 |14 |06 23 |1

Co, PA/SIRAL-40 =75 44 023 1406 1227 |10 1543 |24
500 15 791 | 356 |56 |25 153 | 6.9

The results of catalytic tests show that the main products of the reaction of a
CO2/H2 = 1:3 mixture with the studied catalysts are methane, ethane, carbon monoxide,
methanol and water (5CO; + 15H; = CHs + CoHs + CO + CH3OH + 8H:0). On
catalysts containing cobalt, at a reaction temperature of < 300°C, practically only
methane is formed, at a reaction temperature of T > 300 °C, methane and no more than
1% CO, and with an increase in the SiO2/Al.O3 ratio, a decrease in the methane yield is
observed. The introduction of palladium into the composition of the catalyst stimulates
the formation of methanol, the yield of which increases with an increase in the reaction
temperature and reaches its maximum value at a reaction temperature of 500 °C. The
maximum Yyields of methane (57% and 41%) at a reaction temperature of 300°C are
observed on the Co/S-1 and Co/S-10 catalysts, respectively. The maximum yield of
methanol (21%) is observed on the Co,Pd/S-10 catalyst at a temperature of 500°C and
atmospheric pressure. The activity of the Co,Pd/Siral catalyst with a SiO content of 1
and 10% compared to catalysts with S-40 is noticeably higher, which indicates that the
reaction of CO2 hydrogenation to methane and methanol depends on the SiO2/Al,O3
ratio.

Figure 1, a, b shows X-ray diffraction patterns of samples reduced in a stream of
hydrogen at 450°C for one hour: a) Co/S-10 and b) Co,Pd/S-10. As can be seen from the
given X-ray diffraction patterns for Co/S-10 and Co,Pd/S-10 samples reduced in a hydrogen
flow at 450°C, Co304 and Co030s4, metallic Pd phases, respectively, are detected, that is
processing first in a stream of air at 500 °C for 4 hours and then in a stream of hydrogen at
450 °C for one hour of samples of aluminosilicate matrix S-10 with salts of cobalt(ll) nitrate
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and palladium(ll) chloride deposited at room temperature from aqueous solutions leads to
formation of cobalt oxide Co304 and metallic Pd.

The EPR spectra shown in fig.2, a, b belong to ferromagnetic CoOx particles,
most likely Co304. The introduction of palladium into Co/S-10 noticeably affects the
EMR spectra of the Co/S-10 samples, which is associated with a change in the magnetic
state of the Co304 particles, most likely caused by a change in their dispersed state.
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Fig.1, a, b. X-ray diffraction patterns recorded at room temperature of samples
reduced in a hydrogen flow at 450°C for one hour: a) Co/S-10 and b) Co,Pd/S-10.

Figures 2,a and 2,b show the EMR spectra of Co,Pd/S-10 and Co/S-10 samples
recorded at room temperature

=103
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Fig.2. EMR spectra of recorded at room temperature samples:
a) Co,Pd/ S-10 and b) Co/ S-10.

This, in turn, affects the catalytic properties and changes in the composition of the
reaction products. We assume that the hydrogenation of CO, to methanol is catalyzed
by nanodispersed palladium particles. With the participation of palladium, it is very
likely that the following stepwise mechanism of the conversion of CO; into methanol
takes place. At the initial stage, molecular hydrogen reacts with palladium particles to
form Pd-H particles (Pdy + Hz, = 2Pd-H + Pdn2), then CO; is hydrogenated upon
interaction with Pd-H particles to form first mono
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and then bidentate formate, which then converted to methanol through a series of
intermediates. The second possible route of CO2 conversion in the presence of
dissociated hydrogen is the formation of carboxyl, which is converted into methanol
through a number of intermediates, including formyl [6, 7].
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T'UJIPUPOBAHUE JUOKCHJIA YIJIEPOJIA HA MOJN®UIIMPOBAHHBIX
KOBAJIbTOM U NAJUIAJMEM AJIIOMOCHUJIMKATAX SIRAL

1. @. Tazueeq®00-0003-4913-3907
Hnemumym Hegpmexumuuecxux Ilpoyeccos um. FO.I" Mameoanruesa
tshaxla@mail.ru

HUccneoosana peaxyus euopuposarusi CO2 6 npomourom pexcume npu ammocghepHom 0agieHul Ha
amomocunuxamax Siral ¢ codeporcanuem SiOz 1, 10 u 40 mac.% u cooepaucawux Co u Co-Pd.
Cunmesuposannvle Kamanuzamopbsl oxapaxmepuzosarvt memoodamu PDOA u JIIP cnexmpockonuu.
Yemanoeneno, umo na xamanuzamopax, cooepoicawjux auuib KoOanibm, npu memnepamype
peaxyuu < 300°C obpaszyemcsa npakmuuecku iUy Memaw, npu memnepamype peaxyuu T >
300°C — meman u ne 6onee 1% CO. Ilokazano, umo ¢ pocmom coomuoutenusi SiO/Al;Os
HaO00aemcs: ymenvuieHue 6vixo0a memaunda. Beedenue nannaous 6 cocmag xamanuzamopa
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ColSiral cmumyrupyem obpasosanue memanoia, 8bixo0 KOMOPO20 YEEAUUUBAENICS C POCIOM
memnepamypbl peakyuu u 00Cmu2aem MakCUMAaIbHO20 3HAYEHUs. NpU memMnepamype peakyuu
500°C ons kamanuszamopa cocmasa Co,Pd/Siral-10. O6cyscoaemes mexanusm peaxyuu
euopuposarusi CO2 6 MemaHo u poib NALIAOUS 8 IMOU PeaKyUl.

Knroueswvie cnosa: ouoxcuo yenepooa, 2uopuposanue, meman, memarnoa, Siral, Pd, Co.

Co VO Pd — LA MODIFIKASIYA EDILMIS SIRAL ALUMINOSILIKATLARIN
KARBON DIOKSIDLO HIDROGENLOSMOSI

S' F_Tagiyeva0000-0003-4913-3907
Y.H. Mommadbliyev adina Neft Kimya Proseslori Institutu
tshaxla@mail.ru

Torkibindo 1,10 va 40% SiO, olan, Co- veo Co,Pd-la modifikasiva olunmus Siral
aliiminosilikatlarin iizorinda atmosfer tozyiqda axin rejiminda karbon dioksidin hidrogenlogmo
reaksiyast tadqiq edilmisdir. Sintez edilmis katalizatorlar rentgen difraktometriyast va electron
maqgnit rezonans:  metodlart ilo xarakterizo edilmisdir. Miiayyon edilmigdir ki, torkibind
yalniz kobalt olan katalizatorlarda < 300°C reaksiya temperaturunda praktiki olaraq yalniz
metan, T > 300°C temperaturda iso metan va migdart 1%-don ¢ox olmayan CO amala galir vo
SiOL/AL,O3 nisbatinin artmast ilo metamin caninda azalma miisahids edilir. Katalizatorun
torkibina palladiumun daxil edilmasi metanolun amalo galmasini stimullasdirir, onun ¢iximi
reaksiya temperaturunun artmast ilo artir vo 500°C temperaturda maksimum olur. Karbon
dioksidin metanola hidrogenlosma reaksiyasinin mexanizmi va bu reaksiyada palladiumun rolu
miizakira olunur.

Acar sozlor: karbon dioksid, hidrogenlagsma, metan, metanol, Siral, Pd, Co.
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