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LOW-PERCENTAGE Co/CLAY CATALYSTS IN THE PROCESS OF
OXIDATIVE CONVERSION OF C3-C4 SATURATED HYDROCARBONS

Abstract. Oxidative conversion of C3;-C, hydrocarbons by air to oxygen-containing compounds at T = 400-
550°C and space velocity of 7500 h', 9000h™ on monoxide catalysts containing 1-, 3-, 5% Co supported on natural
red clays was studied. The reaction temperature, contact time, change in the space velocity in the process of partial
oxidation of C;-C4 hydrocarbons have been studied.

Acid treatment of the sorbents contributed to the development of the surface area and the enlargement of pore
radius, which led to an increase of oxygen-containing compounds in the final product. The SiO,/Al,O; ratio (silica
modulus) was increased after acid treatment too.

Key words: catalysts, hydrocarbons, natural clay.

Introduction. The rational use of hydrocarbons and environmental protection are of the most
important goals of the fuel and energy complex. Incineration of associated gas is a national problem which
leads to environmental and economic damage of our country [1-3]. When burning gas without maintaining
the optimal mode of combustion, about 250 harmful chemicals are released into the atmosphere, namely,
non-combustible hydrocarbons; oxides of carbon, nitrogen and sulfur; hydrogen sulfide, heavy metals
(mercury, chromium), arsenic compounds, aromatic hydrocarbons, including polycyclic compounds [3-5].

These substances pollute the atmosphere, water and soil. Associated gas can be used as a fuel for
power generation, as well as hydrocarbons for the production of petrochemical products as a raw material.
Efficient use of hydrocarbon resources is one of the most relevant sectors of the oil and gas industry.
Associated gas as an unconventional source of hydrocarbons is still not used effectively [5-7].

In recent years, many researchers and manufactures have been interested in the technological
processes of converting natural gas into liquid chemicals. Natural gas is a perspective energy source for
the needs of mankind in the energy and hydrocarbon raw materials for over hundred years. About 5% of
world natural gas is still used as a motor fuel or raw material for petrochemical production. Petrochemical
natural gases C,-C4 and natural gas are underutilized [1-5].

Methods. Today, about 80-85% of the various processes occurring in the chemical, petrochemical,
and oil refining industries are implemented with the participation of the catalysts. The temperature impact
on the process of partial oxidation of the propane-butane gas mixture is discussed. The experiments were
carried out at atmospheric pressure in a continuous-flow unit with a fixed-bed quartz-tube reactor [7].

To conduct the experiment, the catalysts with different Co content supported on the natural red clay
were used. The experiment were carried out at a temperature of 400°C-550°C with a change of space
velocity of 7500 h™', 9000 h™.

The natural red clay was used as a carrier. Catalysts with 1 -, 3 -, 5% of cobalt supported on the
natural red clay (NRC) were produced. The carrier was pretreated with 4 different methods: adjustment of
active phase at constant atmospheric pressure in different temperature ranges.

— §f —
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In the case of partial oxidation of C3-C4 hydrocarbons initial and final gaseous products C,Hy, Hy,
CO, CH,4, CO, as well as liquid organic substances were detected by the chromatographic method.

Partial oxidation of C3-C4 hydrocarbons was carried out on 1% Co/NRC catalyst, at atmospheric
pressure, under the following conditions: C3-C4=33.33%; O,=7.0%; N,=26.34%: Ar=33.33%; space
velocity of 7500h™.

When the temperature rises to 300-350°C, liquid organic compound is not formed. In the gas phase,
only traces of C,Hy4, Hy, CO, CH,4 and CO, are observed.

With gradual increase of temperature to 400°C the following products formed on catalyst are
preferably formed: acetaldehyde, 26.6%; acetone - 23.0%; methanol - 20.7%. Aromatic compounds and
carboxylic acids are not fully formed. When the reaction temperature reaches 500°C, the reaction
selectivity for acetaldehyde and acetone gradually decreases and the selectivity for methanol reaches
41.8%. The conversion of propane is 9.8%, the conversion of butane is 25.4%.

At this temperature, it can be seen that the selectivity for acetaldehyde and methanol gradually
increases, and the selectivity for ketone decreases. Conversion of gases contained in compressed
petroleum gas at 450°C was equal to: C;Hg=7.4%; C4H;(=25.4%. Table 1 demonstrates the conversion
increase of the propane-butane gas mixture in the following sequence: C;Hs=4.6-10.2%; C4H0=17.3-
30.0%. With the gradual increase of temperature in the gas-phase product the number of components
C,Hy, Hy, CO, CH,4 and CO;, increases (table 1).

Table 1 - The effect of temperature on the yield of products
in the liquid phase resulting from the partial oxidation
of C3-C4 hydrocarbons. State of the reaction: C3-C,:0,:N,=7:1:4; W=7500h"". Catalyst 1Co/ NRC

Selectivity, %
V, %
T, °C CsHy/
CHio | o < B
E G = 3 3 g
g 0 E = |2 |2|% |=|§ S s | g
T |5 |E | |2 g |ElElgElz |g |z |2
3 Q k5] = = 5 o ° = \ 3 13) o
< g g = © © gl & 5 | = < < ~
400 4,6 26,6 23,0 20,7 21,0 6,4 0 0 1,1 0 0 0,7 0 0
17,3
450 74 260 | 226 | 258 | 187 | 50| 0 |0 | 1,0 ] 0 0 0,7 0 0
21,5
500 9,8 18,0 16,0 41,8 21,0 32 0 0 0 0 0 0 0 0
25,4
550 10,2 11,2 27,8 22,8 27,1 43 1,7 0 3,6 0 0 0,8 0 0
30,0

The NRC carrier used in the experiment was analyzed by physical and chemical methods: BET,
elemental analysis.

The main factor determining the catalytic properties is the chemical composition. However, even
while maintaining the chemical composition, the catalytic characteristics of the catalysts, depending on the
state and method of preparation, undergo changes in surface area as a result of dispersion, porous
structure, nature of the interaction of the constituent parts of the catalyst and crystal chemical changes,
which ultimately significantly affects the passage of catalytic reactions [7].

The catalytic system 1, 3-, 5% Co/NRC for the reaction of partial oxidation of C3-C4 hydrocarbons
was studied. The content of the products formed as a result of partial oxidation reaction carried out in
stable state in the temperature diapason of 400°C-550°C on the NRC and other catalytic systems is given
in table 2.

According to table 2, the oxidation product obtained on 3% Co/NRC contains acetaldehyde, acetone,
methanol, MEK, benzene, crotonaldehyde, propanol, and acetic acid, which were determined by
chromatography.
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Table 2 - The influence of the contact time of hydrocarbons C3-C4 on the flow of products formed in the process of partial
oxidation. State of the reaction: C3-C4=33,3%; 0,=7,0%; N,=26.4%; Ar=33.3%7. 3%Co/ NRC; V=2cm’

W, t,c | T,°C V, %
h! C;Hy/ yield , %
CHg aldehyde ketone alcohols Carboxylic acid Gas
phase
9000 0,4 500 26,6 29,2 5,4 9,0 0 12,0
48,3
550 40,0 21,4 8,0 6,6 0 19,6
58,7
7500 0,5 500 32,3 32,0 19,8 14,1 1,3 20,8
55,7
550 41,8 34.4 20,3 142 3.1 35,6
82,5

The experiment on 3% Co/NRC catalyst, was conducted at atmospheric pressure, at temperatures of
500-550 °C, at a space velocity of 7500 h™', 9000 h''. As it is shown in table 2, 29.2% of aldehyde, 5.4% of
ketone and 9.0% of alcohols are formed in the process of liquid catalysis at a temperature of 500 °C on 3%
Co/NRC catalyst. The conversion of propane is 26.6%, and the conversion of butane - 48.3%. When the
temperature exceeds 550°C, the content of acetaldehyde in the catalyst decreases to 21.4%. In the ranges
of these temperatures, the yield of ketone increase to 8.0%. The formation of ketone is increased by 34.4%
at a temperature of 600°C at space velocity of 7500 h™'. Carboxylic acids are not formed at temperatures of
500°C-550°C at space velocity of 9000 h™', but at space velocity of 7500 h™" at this temperature interval
1.3-3.1% of Carboxylic acids are formed. In the gas phase, ethylene and hydrogen yield is 10-19% (table 2).

Results and discussion. During partial oxidation of C3-C4 the hydrocarbons were processed with
cobalt catalysts. The catalysts were investigated by physicochemical methods: X-ray diffraction, BET,
elemental analysis.

The phase composition of the catalyst was determined on X-ray diffractometer DROH-4 -07.
Comparison of refractometric reflexes was performed using powder paper (standard JCPDS). Natural red
clay is X-ray morphic mineral (4.20°) consisting of -a-quartz / 3.33; 2.28 / (JCPDS 5-490) - and kaolinite
(JCPDS 29-1488). The diffractogram of the initial catalysts 1,3-, 5% Co/NRC correspond to the clay.
Since it is dispersed, due to different doses of metal, the structural elements are not detected.

The determination of the specific surface area and porosity of solids is based on the determination of
isothermal adsorption of gas phase molecules on the surface. The adsorption isotherm takes shape on the
dependance of the number of adsorbed molecules on pressure at moderate temperatures.

The textural and adsorption characteristics of the catalyst were measured by the American
“micrometritics Accusorb” using the BET method for low-temperature nitrogen adsorption.

Table 3 - The surface area of the catalyst, the volume of porosity and changes in the main volume

Ne results
Catalyst Surface, m/g Pore volume Viucr, (ml)=
composition V ADSmax.M1/g V apsmax ' K(0,001558)
1 NRC 15,39 221,69 0,345
2 1%Co/ NRC 29,90 221,74 0,345
3 3%Co/ NRC 51,35 467,63 0,729
4 5%Co/ NRC 58,12 328,19 0,511

The catalysts shown in table 3 also have different porosity volumes. The porous volume of NRC is
221.69 ml/g; 1% Co/NRC - 221.74 ml/g; 3% Co/NRC - 467.63 ml/g; 5% Co/NRC- 328.19 ml/g. The main
volume of catalysts is as follows: the pore volume of the NRC is 0.345 ml; 1% Co/ NRC - 0.345 ml; 5%
Co/ NRC - 0.729 ml; 5% Co/NRC - 0.511 ml.

It has been shown that the surface area of the catalyst and the porosity affect the selectivity of
hydrocarbons in the liquid and gas phase resulting from the partial oxidation of hydrocarbons. Natural red
clay was treated in four different ways. Elemental analysis of 1-, 3-, 5% catalysts which were used as
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catalysts for the oxidation process was performed using an Agilent 4200 atomic emission spectrometer.
The catalysts were investigated on the Australian apparatus Agilent 4200 MP-AES which is located in
Taraz State University named after M.Kh. Dulati at the Department of Chemistry and Chemical
Technology. In the new spectrometer, the electromagnetic microwave field excites plasma in nitrogen,
which is generated from the air. The concentration of the analyte was determined by the AES method. All
measurements were performed using an Agilent 4200 MP-AES equipped with an Agilent 4107 nitrogen
generator. The sample introduction system consisted of a two-pass cyclone spray chamber, OneNeb
sprayer, Solvaflex pump tube (orange / green) and an Easy-fit burner for sample introduction. Used multi-
element calibration standards containing elements with a concentration of 50 mg L. The standard was
prepared in an environment of 5% HNO; / 0.2% HF (v / v).

Table 4 - Results of elemental carrier analysis

elements NRC 1Co/ NRC 3%Co/ NRC 5%Co/ NRC
% % % %
Sr 0.0005 0.0005 0.0005 0.0004
Ce 0.003 0.002 0.003
Zn 0.002 0.002 0.002 0.0015
Cu 0.001 0.004 0.002 0.002
Sn 0.0003 0.0003 0.0003 0.0003
Mo 0.00015 0.00015 0.00015 0.00015
Ba 0.003 0.0033 0.0025 0.0025
Ni 0.008 0.005 0.01 0.01
Mn 0.015 0.015 0.015 0.015
\Y 06 >1 06 06
Tl 0.0015 0.0025 0.0025 0.0025
Pb 0.006 0.01 0.008 0.01
Cr 0.000005 0.000008 0.000005 0.000005
Ag 0.03 0.03 0.02 0.03
Nb 0.0015 0.0015 0.0010 0.001
Be 0.00015 0.00015 0.00015 0.00015
Ge 3 6 9 12
Bi 0.0001 0.0001 0.0001 0.0001
Ga 0.00008 0.0008 0.0008 0.0008
P - - 0.003 -
CaO <01 <01 <01 <01
MgO 01 015 <01 <01
Fe,0; 21 15 20 19
AlO; 45 47 48 42
Na,O 015 <01 015 02
Kzo - - - -
SiO, 25 30 25 30

According to elemental analysis, all the elements in table 4 are common in the catalyst used, but the
difference lies in the amount of these elements. Also, the main distinguishing feature is the change in the
content of oxides in the composition of the carrier. For example, oxide of 3 valence iron is up to 21% of
NRC, 1% Co/NRC - 15%, 3% Co/NRC - 20% and 5% Co/NRC - 19%. Al,O; ranges from 42 to 48% in
all catalysts. And in the composition of all catalysts 25-30% of SiO, was found.

Conclusion. For the development of the petrochemical industry, Kazakhstan has large reserves of
hydrocarbon raw materials - natural and associated gases, oil and products of its processing, as well as oil
bituminous rocks. The main deposits are developed in the western regions of Kazakhstan. According to
the forecast geological exploration data, hydrocarbon reserves in the northern, central and eastern regions
are insignificant [6-7].

To ensure the processing of natural resources of hydrocarbon raw materials in the republic, an
important issue is the creation of petrochemical complex for the final stages of processing hydrocarbon
raw materials to marketable products via the modernization of the existing capacities of oil refining
industries to obtain basic products for the oil and gas industry.

— Q —
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The process of partial oxidation of hydrocarbons C;-C4 was carried out on catalytic systems 1-, 3-, 5%
Co/NRC supported on the NRC.

The influence of temperature, space velocity (750 and 7500 h™), the effect of the active phase dose
were tested, the optimal ways to conduct the C;-C4 hydrocarbon partial oxidation process (300°C-600°C)
and to obtain the reaction products were determined for the catalytic systems studied.

In the process of oxidation of hydrocarbons C;-C,, the following results were obtained:

1) The oxidation process of C;-C4 hydrocarbons occurs in a mild state at atmospheric pressure.

2) At 1% Co/NRC catalyst at a ratio of 500°C, C;-C4 HC: O,: Ny: Ar=5: 1: 4: 5 at a space velocity of
7500 h™', 41.8% methanol is formed.

It is necessary to conduct a study of catalysts for partial oxidation of C;-C4 hydrocarbons on an
electronic scanning microscope.

Source of research funding. Initiative project "Conversion of hydrocarbon raw materials of
Kazakhstana" Department of «Chemistry and Chemical Technology" of M.Kh.Dulaty Taraz State
University.
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C3;-C4 KAHBIKKAH KOMIPCYTEKTEPIIH TOTBIFA AMHAJTY IMTPOLECIHJIETT
TOMEHI'T HANBI3IBIK Co/CA3BAJIIIBIK KATAJTU3ATOPHI

AnHoTanus. C3-C4 xkeMipCyTeKTepiH OTTEK KYpamIbl KOMIIO3UTTEPre JACHiH ayaMeH TOTBIKThIpY Ke3inge T =
400-550°C-Ta xoHe TaOWFM KbI3bUI ca30almbIKKa KOHAbIppUFaH 1-, 3-, 5% Co ©0ap MOHOKCHATI
katammsaropiapaarsl 7500 car”', 9000car kemeMmik KblnaaMabFsl 3eprreni. C3-C4 KeMipCyTeKTep i KapThinaii
TOTBIFY MPOLIECIHE PEAKIHs TEMIIEPaTypachl, )KaHACY YaKbIThI, KOJIEMJIIK >KbIIIaM/IBIKTHIH ©3Tepici 3epTTeII .

CopOeHTTepi KBIIKBUIABIK OHAeYy e OCTiHIH maiiaa 00IybIHA )KOHE KEYEK PaJlyChIHBIH YJIFAIObIHA BIKIAI STTi,
Oyn karammsarrta oTTeri Oap KochUIbICTapiblH keOeroine okenmi. SiO,/Al,O; KaTbIHACH (CHIIMKATTHI MOIYJIb)
KBIIIKBUIIBIK OHJICY/ICH KSHIH JIe apTa/ibl.

Tyiiin ce3aep: Katanu3aTop, KOMipCyTeKTep, TAOUFH Ca30aIIIbIK.
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Bb.K.Macanumosa', I'.Jl. :xernucéaesa', . T.AnTbinGexosa’,
C.M.Haypy3kysioBa', A.A.AtakoxkaeBa’, B.A.Caxbikon’

lTapa.:’,01<1/1171 rocyaapcTBeHHbIl yHuBepcuTeT uM. M. X. Jlynartu, Tapa3, Kazaxcran;
*HoBocubupcKHii rocy1apcTBeHHslil yauBepcutet, HoBocubupck, Poceus;
Wucturyt katanusa uM. I'. K. bopeckosa

HU3KOIMPOLUEHTHBIE Co/TJIMHOBBIE KATAJIUM3ATOPBI
B ITPOLECCE OKNCEHUS HACBIIMEHHBIX C3-C4 YIJIEBOJAOPOJ10B

AnHotauusi. UccnemoBano oxucnurtensHoe —mnpeBpamienne C3-C4  yrimeBomopomoB  BO3AYyXOM B
KHCIIOPO/ICOIepKalIie KoMIo3uiuu mpu T=400-550°C u oGbemuoit ckopoctr 75004™", 90004 Ha MOHOOKCHIHBIX
Karanuzaropax, cogepxamux 1-, 3-, 5% Co, HaHECEeHHBIX Ha TPUPOJHBIE KpacHble TJMHBL. B mporecce
nonyokucnenuss C3-C4 yrieBofopoJloB HCCIEIOBATINCH TEMIEpaTypa peakiiM, BpeMs KOHTaKTa, H3MEHEHHE
o0beMHOI ckopocTH. KucnoTHas oOpaboTka copOEHTOB criocoOCTBOBaIAa pa3paboTKe MOBEPXHOCTH M YBEIHYCHUIO
pamuyca TOp, YTO NPUBOAWIO K YBEJIMYEHHIO KHCIOPOJCOAEpKAIIMX coeAnHeHWi B karamuszare. SiO,/Al,0s
COOTHOUIECHHE (CHJIMKATHBIA MOJYJIb) TAKXKE YBEIMUIHUBAIICS ITOCIIE KUCIOTHOH 00paboTKH.

Ki1ioueBble c10Ba: KaTann3aTop, yIriieBoI0POAbL, IPHUPOIHAS TIIMHA.

— 10 ——



ISSN 2224-5286 2.2019

Information about authors:

Massalimova Bakytgul Kabykenovna — candidate of chemical sciences, associated professor, manager of the department of
“Chemistry and chemical technology”, M.Kh. Dulaty Taraz state university, e-mail: massalimovalS@mail.ru ORCID ID
https://orcid.org/0000-0003-0135-9712

Jetpisbayeva Gulim Danebaevna - PhD student of 6D060600- Chemistry of the department of “Chemistry and chemical
technology”, M.Kh. Dulaty Taraz State University, e-mail: gulim 86@mail.ru

Altynbekova Dinara Tansykovna - PhD student of 6D060600- Chemistry of the department of “Chemistry and chemical
technology”, M.Kh. Dulaty Taraz State University, e-mail: altynbekova.1985@inbox.ru

Naurzkulova Symbat Muratbekovna- PhD student of 6D060600- Chemistry of the department of “Chemistry and chemical
technology”, M.Kh. Dulaty Taraz State University, e-mail: simbat 3@mail.ru

Atakozhaeva Aygul Amalbekovna — 1* year master student of the department of “Chemistry and chemical technology”,
M.Kh. Dulaty Taraz State University. e-mail: ataqojaeva_aigul@tarmpu.kz

Sadykov Vladislav Aleksandrovich - doctor of chemical sciences, professor, Novosibirsk State University, Institute of
Catalysis named after G.Boreskov. E-mail: sadykov@catalysis.ru

REFERENCES

[1] Zakarina N, Volkova L, Kim A, Akulova G, Chanysheva I, Latypov I, Grigorieva V. (2010) Industry of Kazakhstan, 6
:83-85.

[2] Tungatarova S.A, Xanthopoulou G, Kaumenova G.N, Zhumabek M, Baizhumanova T.S, Grigorieva V.P, Komashko
L.V, Begimova G.U (2018) Development of composite materials by combustion synthesis method for catalytic reforming of
methane to synthesis gas. News of the NAS RK. Series chemistry and technology, 432:6-15. https://doi.org/10.32014/2018.2518-
1491.20 (in Eng).

[3] Baizhumanova T.S, Tungatarova S.A, Xanthopoulou G, Zheksenbaeva Z.T, Kaumenova G.N, Erkibaeva M.K,
Zhumabek M, Kassymkan K (2018) Catalytic conversion of methane into olefins. News of the NAS RK. Series chemistry and
technology, 431:132-138542.973.7,547.211. https://doi.org/10.32014/2018.2518-1491.17 (in Eng).

[4] Zakarina N.A, Kornaukhova N.A, Toktassyn R (2019) Pt- and Pd-catalysts on modified kaolinites in the reaction of n-
hexane isomerization. News of the NAS RK. Series chemistry and technology, 433:47-56. https://doi.org/10.32014/2019.2518-
1491.7 (in Eng).

[5] Bayeshova A.K, Molaigan S, Bayeshov A.B (2018) Hydrogen energetics current state and hydrogen production methods.
News of the NAS RK. Series chemistry and technology, 431:107-116. https://doi.org/10.32014/2018.2518-1491.14 (in Eng).

[6] Dosumov K, Tungatarova S.A, Kuzembaev K.K, Masalimova B.K (2005) Oxidative C3-C4 hydrocarbon conversion to
olefins and oxygen-containing compounds in the presence of molybdenum and tungsten polyoxometalates, Petroleum Chemistry,
45:261-263. (in Eng).

[7] Massalimova B.K. (2019) Partial oxidation C3-C4 hydrocarbons. Kazakhstan. ISBN 978-601-7300-69-2. (in Kaz).




News of the Academy of sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 2, Number 434 (2019), 12 — 20

https://doi.org/10.32014/2019.2518-1491.12

UDC 621.383; 541.13
CICSTI 44.41.35

K.A. Urazovl, M.B. Dergacheval, V.F. Gremenokz, E.P. Zaretskaya2

'D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, Kazakhstan;
*Scientific-Practical Materials Research Centre of the National Academy of Sciences of Belarus, Minsk, Belarus
u_kazhm@mail.ru

STRUCTURE AND PHOTOELECTROCHEMICAL PROPERTIES
OF ELECTRODEPOSITED Cu,ZnSn(S,Se); FILMS

Abstract. A one-step electrochemical synthesis of Cu,ZnSnSe, (CZTSe) and Cu,ZnSnS, (CZTS) films on Mo-
coated glass from aqueous electrolytes containing both Cu'?, Zn', Sn*? and Se™ or S™ ions has been developed.
Electrodeposition was performed at a constant potential with subsequent annealing at a temperature of 450 °C in air
for 60 minutes. Cu,ZnSn(Sy.96,5€0,04)4 films were obtained by sulfurizing electrodeposited Cu,ZnSnSe, layers in a
sulfur atmosphere at 500 °C for 60 minutes. The structure and phase composition of the films was confirmed by
XRD and Raman spectroscopy. It was confirmed by the PEC method that all films had p-conductivity. It was
established that a change in the chemical composition of the films affects the electrophysical properties, and for
Cu,ZnSn(S,Se), layers the photoresponse was 5-6 times higher than for four component compounds.

Key words: electrodeposition, CZTSSe, kesterite, thin film, photoelectrochemistry.
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Introduction

Recent progress in creating solar photovoltaic cells based on four-component semiconductors
Cu(In,Ga)Se, (CIGS), Cu,ZnSnS, (CZTS) stimulates researchers to further develop the technology of
growing more advanced and efficient thin-film structures [1, 2]. It is known that polycrystalline thin films
of the compounds Cu,ZnSnS,, Cu,ZnSnSe; and Cu,ZnSn(S,Se; x); with the structure of kesterite are
promising materials for the production of cheap solar cells. These compounds consist of components that
are widespread in nature and can be considered as an inexpensive, affordable material, the use of which
does not violate environmental standards, in contrast to frequently used cadmium sulfide, copper-indium
selenides, etc. The band gap of these kesterites, depending on the content of sulfur and selenium, can vary
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from 0.98 to -1.8 eV, [3, 4], and a high adsorption coefficient (0. = 10* cm™") for photons with energies
greater than width the band gap allows efficient radiation absorption in the chalcogenide layer to be
thinner than a few microns. This reduces the amount of material used. Global studies show that the
effectiveness of thin-film elements with a material based on multicomponent chalcogenides with a
structure of kesterite is continuously increasing [2-5]. An effective solar radiation conversion of 12.6%
was reported, which was achieved for the Cu,ZnSn (S,Se; )4 solid solution [5].

The deposition of thin-film absorption layers is often performed using various vacuum techniques at
high temperatures. However, single-stage methods of electrodeposition of four and five-component film
semiconductors from aqueous electrolytes at low temperatures are attracting more and more attention [6—
9].

One of the important applications of multicomponent chalcogenide semiconductors CZTSSe is their
use as photocathodes in photoelectrochemical (PEC) decomposition of water. This process attracts
attention due to its environmental friendliness and low cost [10, 11]. Methods for the decomposition of
water using CZTS photocathodes were developed when they started using compositions of this material
with thin layers of sulphides of other metals, for example, cadmium and indium [12]. The CZTS method
of electroplating and the subsequent deposition of metal sulfide layers and their activation with platinum
are also being successfully used. For example, modification of CZTS by applying a double layer of In,S; /
CdS followed by precipitation of a dispersed Pt catalyst made it possible to obtain in the two-electrode
PEC process the efficiency of water decomposition equal to 1.63% without any noticeable degradation of
the photocathode due to photocorrosion. In,S; films act as mediators for efficient electron transfer on Pt
blotches as well as a protective layer to avoid contact between the CdS layer and the external electrolyte
solution [13].

In order to develop the technology of using materials based on kesterite to create thin-film photocells
or film photocathodes, information on the correspondence of the composition, structure, and optical, in
particular, photoelectrochemical properties of these materials, which significantly depend on the
production method, is needed [14].

The work of a number of authors [15-21] is devoted to this question. An XRD microstructural
analysis for films prepared by magnetron sputtering of metal precursors followed by sulfurization /
selenization showed a strong dependence of domain sizes and microstresses on the composition. Domain
sizes increased with increasing sulfur content, and selenium-rich films tended to have a more
homogeneous domain size distribution. This phenomenon is associated with a lower energy of formation
of binary phases with sulfur, which leads to the formation of kesterites, whereas the increase in
microstrains is explained by the replacement of large selenium atoms by smaller sulfur atoms in the lattice
and the presence of secondary phases. [18].

The method of single-stage electrodeposition of all components at a constant potential from aqueous
solutions allows one to reduce the content of double phases in the structure and their influence on the
photoelectrochemical properties [5—8].

In this work, the method of potentiostatic deposition of Cu,ZnSnS, and Cu,ZnSnSe, from electrolytes
containing simultaneously all components is used. The goal of this work is to compare the structural
characteristics of CZT(S,Se) films obtained using a single-stage electrodeposition method with subsequent
annealing, and their photoelectrochemical properties.

Experimental part

Electrochemical deposition of thin films of compounds Cu,ZnSnS, and Cu,ZnSnSe, was carried out
on Mo/glass substrates (working electrode), from aqueous solutions at a constant potential. The potential
was maintained using the Gill AC potentiostat-galvanostat from ACM Instruments relative to the Ag/AgCl
electrode (KCI sat). A three-electrode thermostatted cell was used. The counter electrode was a platinum
coil (or platinum mesh).

Cu,ZnSnS, (CZTS) films were electrochemically precipitated from an electrolyte based on 0.2 M
sodium citrate with the addition of 0.1 M tartaric acid and 0.01 M CuSO4 « 5H20, 0.005 M SnSO4, 0.01
M ZnSO4 « TH20, and 0.05 M Na2S203 « SH20 at pH 4.6. The electrolysis was carried out at a constant
potential E = -1.0 V with stirring the electrolyte with a magnetic stirrer at room temperature.
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Electrodeposition of Cu,ZnSnSes (CZTSe) films was carried out from an electrolyte with a pH of 1.5
based on a solution of 0.1 M tartaric acid, which contained 0.002 M CuSO, ¢ 5H,0, 0.01 M ZnSO, *
7H,0, 0.01 M SnCl, * SH,O and 0.005 M NaHSeOs;. The electrolysis was carried out at a constant
potential E =-0.6 V with stirring the electrolyte with a magnetic stirrer at room temperature.

The obtained samples were washed with distilled water and dried in air. The obtained CZTS and
CZTSe films were annealed at a temperature of 450 °C in an atmosphere of air for 30 minutes.

To form the five-component compound Cu,ZnSn (Sey, Si.) 4, the process of sulfurization of freshly
precipitated thin films Cu,ZnSnSe4 was carried out. The process was carried out in a quartz tube, where
the sample Cu,ZnSnSe, and colloidal sulfur were located. Argon was used as the carrier gas. The
temperature in the furnace was raised at a rate of 13 °C / min and, after reaching a temperature of 500 ° C,
annealing was performed for 60 minutes, then the samples were cooled with the oven to room
temperature. After that, the films were not chemically treated. This stage is performed at the State
Research Institute for Physical Sciences and Technology, Vilnius.

The study of the structure of the obtained films was performed by the XRD method. XRD spectra
were obtained using a SmartLab X-ray diffractometer (Rigaku) at a constant voltage of 9 kW using a
rotating Cu anode to study the structure of the samples obtained.

A combined Solver Spectrum system (NT-MDT, Russia) was used to study the Raman spectroscopy
method and record the Raman spectra (using a 600/600 grating; 532 nm laser; signal accumulation time 60
seconds). The EDAX method (JSM 6610 LV JOEL, Japan) was used to determine the elemental
composition of the electrodeposited CZTS, CZTSe and CZT(S,Se) films after they were annealed.

The method of photoelectrochemical (PEC) analysis was performed using a Gill AC potentiostat-
galvanostat in a three electrode quartz cell, where the working electrode was made with thin film samples,
the platinum coil was used as a counter electrode, and a silver chloride electrode was used as a reference
electrode. Photocurrents were recorded in the dark / light mode in a solution of 0.1 M sodium sulfate. A
halogen lamp was used as the light source, and the lighting power was 80 mW/cm2.

Results and discussion

Structure analysis

A structural analysis of electrodeposited CZTS films on a Mo/glass substrate and annealed in air at
450 °C was performed using XRD (Fig. 1 (a)). Observed reflexes CZTS kesterite phase and Mo substrate.
From the analysis of the diffraction data, it becomes obvious that there are no pronounced reflexes of the
double sulfide phases in the electrodeposited films. Estimation of the main peaks corresponds to the
provisions 112 and 220 of the kesterite. Peaks are also noted that correspond to the ester levels of 200 and
312. The polycrystalline nature of the precipitates obtained corresponds to the crystal structure of the
kesterite [JCPDS card: 26-0575]. Similar results were obtained in [8, 10].

SEM images of deposited CZTS films are shown in Figure 1(b). This picture shows an image in
cross-section mode, from which it can be seen that the CZTS film has good adhesion to the glass substrate.
CZTS film thickness varies from 0.35 to 2.9 p.
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Figure 1 - (a) XRD spectre and (b) cross-sectional SEM image of CZTS film after annealing
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Electrodeposited CZTSe films after annealing were investigated using x-ray diffraction analysis.
Figure 2 shows the diffraction patterns before and after annealing. On as-deposited films (Fig. 2, spectrum
1), weak reflections of CZTSe and Mo phases appear (cubic lattice, parameter a = 3.149-3.150 A). The
XRD spectrum of the film after annealing showed three main reflexes at 27.49 °, 45.25 © and 53.53 °,
which correspond well to CZTSe values (ICDD 96-153-1984) with crystalline orientations (112), (220)
and (312).

Mo

Mo

Intensity (a.u.)

20 30 40 50 60
20, deg

Figure 2 - XRD spectrum of CZTSe films: 1 - before annealing; 2 - after annealing

As can be seen from Fig. 3(a), the grain size and morphology of the film surface is similar to the
images obtained in [8] for CZTSe films deposited by an electrochemical method in one stage. The study
by the cross-section method showed that the films deposited in our experiments have a maximum
thickness of 1.9u (Fig. 3 (b)).

Crexio

Figure 3 - SEM images of (a) surface and (b) cross-section of CZTSe/Mo/glass

Immediately after deposition, CZTSe samples were subjected to sulphurization to obtain thin films of
the five-component compound CZTSSe. The study of the phase composition of thin films obtained after
sulfurizing CZTSe showed the presence of a polycrystalline kesterite phase CZTSSe (Fig. 4). All the
dominant diffraction peaks of this film can be attributed to the peaks of the tetragonal structure for
CZTSSe: (112), (020/004), (132/116) at 28.4°, 33.05°, 47.39° and 56.15° (ICDD 96- 900-4751). Metal
phases other than Mo, as well as intermetallic compounds or oxides were not detected. Detailed analysis
of the samples showed that the peak (112) of the CZTSe phase is shifted from 27.49 © to 28.4 ° due to the
partial replacement of Se by S and the formation of the five-component compound CZTSSe. Logarithmic
intensity was used to better show low intensity peaks. As can be seen from the fragments of the XRD
spectrum, low-intensity peaks can be attributed to the CuS (ICDD 00-085-39280) and ZnS (ICDD 00-002-
0564) phases. As well as the presence of double peaks 220/204 and 132/116 at 47.29 ° and 56.03 °,
confirm the formation of the CZTSSe phase.
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All the CZTSSe phase peaks are shifted to large angles, which indicates a decrease in the lattice
parameters due to the replacement of Se with S. Given these data, we can conclude that the film was
single phase and crystallized in a partially disordered structure of the kesterite.

In addition to the XRD analysis, a combination scattering study (Raman spectroscopy) was
performed, which is useful for studying the phase purity and composition of the materials of the kesterite.
A simple XRD analysis does not always allow us to determine that a film has a single phase, because
many double and triple intermediates have a similar structure and exhibit reflections similar to CZTS (for
example, Zn(S)x, Cu2Sn(S)3) [22]. Fig. 5 compares the Raman specters for the three studied compounds
CZTS, CZTSe and CZTSSe, obtained using the method of electrodeposition with subsequent annealing.
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Figure 4 - XRD specter of CZTSSe films

In Fig. 5 (a), the main peaks of the Raman spectrum for CZTS are located around the vibrational
mode of the Al lattice, which reflects the vibrations of the sulfur atom, while the remaining atoms remain
fixed. The main peak appears at 338 cm™, which is consistent with a previously published work for CZTS
(338 cm™ main peak with additional peaks at 287, 368 cm™) [23]. This suggests that under selected
conditions of single-stage potentiostatic deposition with subsequent annealing, the compound Cu,ZnSnS,
(CZTS) was obtained. Figures 5(b,c) show the Raman specters for the CZT(S,Se) and CZTSe films.
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Figure 5 - Raman specters of kesterite thin films: (a) Cu,ZnSnS, (CZTS); (b) CZTSSe; (c) CZTSe

— 16 ——



ISSN 2224-5286 2.2019

For the CZTSe compound, the appearance of three peaks was noted (Fig. 5 (c)), where the main
vibration mode (196 cm™) reflects the vibrations of the selenium atom bound to the CZTSe compound.
The two main peaks 196 (197) and 173 (170) are most often discussed as the main attributes of the
Cu,ZnSnSe, structure [19].

For CZT(S,Se) (Fig. 5 (b)), four peaks were found, of which one at 173 cm-1 corresponds to the
CZTSe phase and another peak at 287 cm™ corresponds to CZTS, the other two peaks can be attributed to
the CZT(S,Se) phase. The strong shifts of the fundamental vibrational modes can be associated with the
replacement of Se atoms with a large diameter by small sulfur atoms. The method of Raman scattering
refers to the methods of studying the surface with a penetration depth of 100-150 nm with laser energy
higher than 2.2 eV [24]. Therefore, the obtained Raman spectra reflect the state of the surface atoms and
the structure of the formed films.

To determine the elemental composition of the films obtained, the EDAX method was used (table 1).

Table 1 - Chemical composition (at.%) of CZTS, CZTSe and CZT(S,Se) thin films

Material Cu Zn Sn Se S
CZTS 25.7 114 124 — 50.3
CZTSe 19.6 10.6 14.6 55.2 —

CZTSSe 13.7 25.98 7.30 1.6 47.5

According to the results of EDX analysis, as a result of sulfurization, a high S/(S+Se) ratio is
achieved in films subjected to sulfurization at 500 °C. This ratio remains approximately constant and
varies within 0.94 * 0.02.

Photo electrochemical properties

The photoelectric properties of the obtained materials (CZTSe, CZTS, CZTSSe) were studied using
the photoelectrochemical analysis (PEC) method with the Gill AC potentiostat-galvanostat in a three
electrode quartz cell, where the working electrode was samples obtained on Mo/glass substrates, the
platinum coil served as a counter electrode, a silver chloride electrode (Ag/AgCl, saturated KCl) was used
as a reference electrode. Photocurrents were recorded in a solution of 0.1 M sodium sulfate. A halogen
lamp (80 mW/cm?) was used as the light source. The results of the study of photovoltaic properties are
presented in Figure 6.
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Figure 6 - Chronoamperometric dependence of the photocurrent of electrodeposited films

The dependence of photocurrent density on time was obtained in the dark / light mode (light off / light
on) at a constant potential of -10 mV, which is defined as the stationary potential established between the
semiconductor and the electrolyte. The photocurrents of CZTSe films remain constant, while for CZTS
they slightly decrease in time and amount to 3 pA/cm® and 2-2.5 pA/em’, respectively. For the
CZT(S,Se)/Mo/glass sample, the photocurrent obtained after sulfurization is higher and amounts to ~ 20
nA/cm?. Photo corrosion and chemical corrosion are the main problems of semiconductors at PEC, where
there is a likelihood of chemical corrosion of the semiconductor surface in the electrolyte. It can be seen
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from Fig. 6 (b, ¢) that the photocurrent gradually decreases, and this is probably due to photo-corrosion S*
from the surface of a thin chalcogenide film, since it is more strongly observed on unprotected CZTS
photoelectrodes, similar to observations [17]. Whereas for a sample with a CZTSe film (Fig. 6(a)), the
photocurrent remains constant for 500 seconds and longer.

For a five component compound, the decrease in photocurrent over time is less noticeable.

The results obtained indicate that a change in the surface and bulk structure of multicomponent
chalcogenide films plays a significant role in changing their photoelectrochemical characteristics.

Conclusion

A comparison of the structural and photoelectrochemical characteristics of multicomponent thin-film
chalcogenides CZTS, CZTSe, CZT(S,Se) was made. CZTS, CZTSe thin films were obtained by the
method of one-step electrodeposition from aqueous electrolytes on Mo/glass substrates with subsequent
annealing in air. Freshly precipitated CZTSe films were subjected to sulphurization in sulfur vapor at 550
© C. It is shown that all obtained films correspond to polycrystalline kesterite. The formation of the
corresponding phases of the quaternary and five-component compounds was confirmed. From the
fragments of the X-ray fluorescence analysis of the CZT(S,Se) spectrum, it was established that low-
intensity peaks can be attributed to the CuS and ZnS phases. Raman spectra confirm the formation of the
CZTS, CZTSe, CZT(S,Se) phases and indicate a significant shift of the Raman spectra for CZT(S,Se),
which is associated with the partial replacement of selenium atoms with smaller sulfur atoms. The
elemental composition of electrodeposited films corresponds to the phases of the compounds. The ratio
S/(S+Se) in films subjected to sulphurization at 500 °C varies within 0.94 + 0.02. The PEC method
determined that the photocurrent for the five-component compound CZT(S,Se) is about 5-6 times higher
than for the four-component compounds. A directional change in the microstructural parameters and
morphology of the CZT(S,Se) films during their manufacture will be necessary to achieve high efficiency
in photoelectrochemical application.
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IJKTPOTYHABIPBIJIFAH Cu,ZnSn(S,Se); KABBIKIIIAJIAPBIHBIH
K¥PJIBIMbI MEH ®OTOJJEKTPOXUMUAJIBIK KACUETTEPI

Aunoramusi. Cu'?, Zn'?, Sn™, Se™ nemece S™ nonnaps! 6ap cyssi snekrponuTrepaeH Mo- KalTaiFaH MbIHbLIA
Cu,ZnSnSe; (CZTSe) xone Cu,ZnSnS, (CZTS) kaObIKmIamapbHBIH Oip CaTBUTBI SIEKTPOXUMUSIIBIK CHHTE31
o3ipieH . DIEeKTPOTYHIBIPY YpIici TYpakTsl MOTEHIHAIIA OPBIHIAIIBI jKoHe KeiineH 60 muHyT immiame 450°C
TeMIepaTypacklHAa KYHAIPY OpBIHAANABL. DIeKTpOoTYHABIpeUTFaH Cu,ZnSnSey KabaTTaphlH KYKIpT aTMOCc(epachiHaa
60 munyT imige 500°C -ta cynbdypuzanusuiay apkbuisl Cu,ZnSn(So o6 S€o,04)s KAOBIKIIATAPH! ATBIHIBI. AJIBIHFAH
KaOBIKIIAIAPIBIH KypJasIMbl MeH (a3anblk Kypambl PDA meH PamMaH CHEKTPOCKONMS OMICTCPIMEH pacCTajFaH.
Bapnbik kaObIKmanap p-etkisrimrtikke ue Oomranel PEC omiciMen pactanmbl. KaObIKImamapplH XUMHESIIBIK
KYPaMbIHBIH ©3repyi 3JIeKTpO(U3UKAIBIK KacHeTTepiHe ocep eTeTiHmiri asblkrangsl, an Cu,ZnSn(S,Se),
KabarTapbiHIa (POTOCE3IMTANIBIFEI TOPT KOMIIOHEHTTI KOCBIIBICTApFa KaparaHjaa 5-6 ece »orapbl O0JIbI.

Tyiiin ce3nep: snexTporyHabpy, CZTSSe, kecTepuT, kKyKa KaObIK, (pOTOIEKTPOXUMHSI.
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CTPYKTYPA U ®OTOJIEKTPOXUMHUYECKHUE CBOMCTBA
IJIEKTPOOCAXKIEHHBIX IIJIEHOK Cu,ZnSn(S,Se)4

AnHoTanus. Pa3paboTaH OJHOCTAIWIHBIA JIICKTPOXUMUYECKUH cuHTe3 IwieHOK Cu,ZnSnSe, (CZTSe) wm
Cu,ZnSnS, (CZTS) Ha cTekie, HOKpEITOM Mo, W3 BOIHBIX 3JIEKTPOJIUTOB, COIEPKAIINX OTHOBPEMEHHO HOHBI Cu®?,
Zn"?, Sn**, Se™ i S™ DrexrpoocakieHre BHIMONHAIN IPH HOCTOSHHOM MOTEHIHMANIE C MOCIEAYIOIMM OTKUIOM
upu temmeparype 450°C B armocdepe Bosmyxa B Teuenue 60 munyT. Ilterku Cup,ZnSn(Sg o6 S€0,04)4 OBLIN MOy ICHBL
nyTeM CyJbhypHU3aluu dIeKTpoocaxaeHHbIx cioeB Cu,ZnSnSey B armocdepe cepbl ipu 500°C B Teyerue 60 MUHYT.
Crpykrypa ¥ (ha3oBBIi COCTaB IUICHOK IOATBEPXKACH MeTonoM PDA u crnekTpocKomnu KOMOWHAIIMOHHOTO
paccestausi. Metogom PEC moarBepkieHo, 4TO BCE TUICHKH UMENH P-IIPOBOJAUMOCTh. Y CTAHOBJICHO, YTO U3MEHEHHE
XMUMHUYECKOTO COCTaBa IJICHOK BIIHMSIET HA 3JCKTPOPH3MUSCKUE CBOWCTRA, U s cioeB Cu,ZnSn(S,Se), hoTooTKiIMK
oKa3zancs B 5-6 pa3 BblllIe, YeM I YeTPEXKOMIIOHEHTHBIX COSIUHEHUI.

KuroueBsie ciioBa: Dnekrpoocaxnenne, CZTSSe, kecTeput, TOHKas IDICHKA, ()OTOIEKTPOXUMHS.
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THE CATALYTICAL OXIDATION OF PROPAN-BUTANE MIXTURE
ON THE HYDROGEN AND HYDROGEN CONTENT COMPOUNDS

Abstract. Oxidative conversion of the propane-butane mixture by air into oxygen-containing compositions was
studied. It were determined the optimum reaction temperature, contact time, change in the space velocity in the
process of partial oxidation of C3-C4 hydrocarbons. The physicochemical studies of the initial and treated catalysts
were carried out under experimental conditions. When changing the content of the active component from 1 to 10%
on the carrier, it was found that the most optimal is 1% MoCrGa/TC catalyst, on which up to 89.92% of hydrogen is
obtained. As a result of varying the composition of the catalyst, the content of the active phase, the ratio of reactants,
up to 70% of ethylene was obtained. In addition, in some cases, CH;OH was obtained, the maximum yield of which
is 22%, and also up to 35% of methyl ethyl ketone. As a result of EM and XRD studies, it was shown that under
reaction conditions, a new Cr,Os phase is formed on the catalyst surface (corresponding to the Cr*" and Cr'
transition to Cr’*), as well as joint Mo phases with Cr in different valence states, the physical meaning and role of
which are to be determined.

Key words: catalysts, propan-butane mixture, natural clay.

Introduction. It requires the creation of large chemical industries on the basis of gas and oil resources
to strengthen its economic status concerned to the strategic program of the Republic of Kazakhstan [1-3].
Today Kazakhstan has large reserves of raw materials, which have not been put into production [4-7].
Recently, environmental attention has been focused on reducing their harmful effects by incorporating
hydrogen and hydrogen-based additives into fuels used in heat centers as well as for gasoline and diesel
fuels. It is known that the use of catalysts for the production of hydrogen and hydrogen-based additives
from the alkanes is a progressive and scientifically developed course of research [8-12].

Methods. The experiments were carried out at atmospheric pressure in a continuous-flow unit with a
fixed-bed quartz-tube reactor. Analysis of the reactants and products was carried out chromatographically
with an “Agilent Technologies 6890N” instrument. The catalysts were investigated by X-ray diffraction
(XRD), electronic microscopy (EM), infra-red spectroscopy, and their surface area, porosity, and
elemental composition were determined [1,5].

Figure 1 shows the effect of temperature on the hydrogen emissions generated by partial oxidation of
the propane-butane mixture with the catalysts. It was determined that the yield of H, gradually increased
as the temperature increased from 623K to 873K.
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Figure 1 - The effect of temperature on the hydrogen product generated in partial oxidation of propane-butane mixture.
Reaction: C3-C4:0,:Ny:Ar=1:1:4:1

As seen from the Figure 2, the change of the active phase between 1 and 10% has a direct impact on
the yield of product. It was obtained 89,92% hydrogen from the 1%MoCrGa/NWC three-component
catalyst by changing the active phase composition into the supporter.
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Figure 2 - Influence of active phase composition on hydrogen output. Reaction:
C;-C4 KC:0,:N;»:Ar=0,95:1:3,76:0,95; Tp=873K; W=3150 ht
1-1%MoCrGa/NWC; 2-10% MoCrGa/ NWC; 3-5% MoCrGa/ NWC +ZSM-5+Al,(OH)3, NOs.
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Figure 3 - Influence of volume velocity on the yield of hydrogen in 1%MoCrGa/ NWC catalyst. Reaction: C;-C4
KC:0,:N,:Ar=0,95:1:3,76:0,95; Tp=823K
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The change in 1%MoCrGa/(NWC) of catalyst at 330-15000 h™' speed directly influence the reaction
product. The most suitable volume velocity is 3150 hr' for 1% MoCrGa/NWC catalyst for hydrogen
removal 70,0% (Figure 3).

A favorable composition of the process was studied by modifying the starting reactions. It has been
determined that by changing O, concentration in mixture 89,92 of % hydrogen is formed in
1%MoCrGa/NWC catalyst at a temperature of 873K at a range of 3,8-18,0 %; 71,4% of ethylene is
formed in 1% MoCrGa/NWC catalyst at 723K and 450 hr' of volume velocity, when the reaction mixture
18 C3-C4:05:Ny:Ar=5:1:4:5.

Results and discussion. According to the results of the above study, it was found out that the product
of the oxidation of propane-butane mixture in the molybdenum, chromium, gallium catalyst placed on the
natural white clay has a direct effect on the temperature, reaction mixture, contact time, catalyst
composition.

The phase composition and surface area of 1%MoCrGa/NWC catalyst were studied by x-ray
amorphous and Brunagoer Emmet-Taylor methods. It has been found that natural white clay is composed
of a-quartz, kaolinite and roentgenomorphic composition. In the reaction, the content of raw and
processed catalysts corresponds to the natural white clay diffractogram. Due to the dispersion of catalysts,
no structural elements corresponding to metals were found. The whole sample consists of a-quartz SiO,
x-ray amorphous. Cr,0s;, Cr;0; structures were observed only during 723K processing. However, the
structures corresponding to Ga, Mo are not found in all models. Also, if the surface area of 1%
MoCrGa/NWC catalyst is 14,51 my/g, hollow volume is 155,53 ml/g then the surface area of
1%MoCrGa/NWC catalyst is 16,80 m,/g, hollow volume is 303,61 ml/g grows.

According to the results of the electron microscope, the ring-shaped phases Mo03;0s5 and Moy 4,Co ss
consist of ring-shaped phases Cr;04, 0-Ga,03;, MosOg, 7-MoC in size of 10-20 nm containing the large
composition of accumulated thick particles, Ga and MoC mixture in the form of symmetrical reflexes in
size of 20 nm of individual particles, CrO, Ga,O;, MoO; and Mo,C of thick particle composition of a
small aggregate of 10-12nm, particle groups in size of 5-20 nm during the reaction processed at a
temperature of 723K on the surface of 1% MoCrGa/NWC catalyst.

In addition to the phase shrinkage, it was determined that the formation of Mo,C, y-MoC phases, as
well as the change of Mo®" to Mo’ " have a positive effect on the growth of hydrogen and ethylene outputs
generated during the dehydration of the propane-butane mixture.

Thus, it have been determined the favorable conditions to obtain the appropriate product: 71,4% of
ethylene is formed in 1% MoCrGa/NWC catalyst at 723K and 450 hr' of volume velocity, when the
reaction mixture is C3-C4:0,:Ny:Ar=5:1:4:5; 89,92 of % hydrogen is formed in 1%MoCrGa/NWC catalyst
at a temperature of 873K and 1350 h”' of volume velocity, when the reaction mixture is Cs-
C4:02:Ny:Ar=1:1:4:1. It was studied that oxidation, dehydration and cracking processes are carried out
during the research of polyoxide catalysts, which are supported in natural white clay.

Conclusion. Suggested in this research work catalytic reactions can be base for creation of industrial
C;-C4 mixture utilization process and for production of valuable oxygen-containing compounds.

Source of research funding. Initiative project "Conversion of hydrocarbon raw materials of
Kazakhstan" Department of Chemistry and Chemical Technology" of M.Kh.Dulaty Taraz State
University.
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IMPOITAH-BYTAH KOCIHTACBIHBIH CYTEI'T ’)KOHE CYTEKKY¥PAMJIAC
KOCBUIBICTAPTA KATAJIMTUKAJIBIK TOTBIFYbI

Annoranus. IlpomaH-OyTaH KOCIACBIH OTTEK KypaMAbl KOMIIO3HLUTTEPre ACWIH TOTBHIKTHIPY OOHWBIHIIA
3epTTeynep Kypri3ingi. TOTBIFY MPOIECiHIH OHTAMIBI TEMIEPaTypachl, PeaKIUsUIBIK KOCIIAaHBIH 0acTamKbl KOMIIO-
HEHTTEPiHIH KOX(PPHUIHUEHTTEpi, TACBIMAIIAFBIIITAFRl OelceHi (haza oHE KeNEeMIIK XbUITAMIBIK AHBIKTAIIBI.
DKCHEepUMEHTTIK Kar[aiiaapia 0acTanKkbel KOHE OHJENIeH KaTajlu3aTopiapiAblH (U3HKa-XUMHUSJIBIK 3epTTeyliepi
xyprizinmi. bencenni komnoneHTTiH KypambiH 1%-man 10%-Fa e3repTkeH Ke3le eH OHTaiibl Karamuzatop 1%
MoCrGa/TCB, notmxecinne cyteriniy 89,92%-anbinpl. KaranusaropablH KypambiH, OenceH i (a3aHblH Meie-
piH, peareHTTepAiH KaTbIHACBIH ©3repTy HoTxeciHne stuiieH 70%-ra neifin ansinFaH. CoHbIMEH Kartap, KeiOip
xarnainapaa CH;OH anbiHabl, OHBIH MakCUMalbl WIBIFBIHEI 22%, coHmai-ak 35% METHIATHIKETOH aJIbIHJbI.
Peakiis JKar[alibIHIa KaTanu3aTopbiy Getinze xana Cr,0s pasacsl (Cr'* xone Cr'” -ra Cr’' -Ke Keny), COHJaii-aK
oprypai BaneHtti Cr-meH Oipre Mo-¢a3zanapsl maiiga OonatbiHelH OM jxoHe P®DA 3eprreynepiHiH HoTHXeci
KOpCeTTi, KeNemeKTe (PU3NKaIbIK MaFbIHACHl MEH POITiH aHBIKTay Kepek.
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KATAJIMTUYECKOE OKMCJIEHUE IIPOITAH-BYTAHOBOI CMECH
HA BOJOPO/] 1 BOJOPOJCOJEPKAIIUX COEJUHEHUMI

AnHoTtanus. [IpoBeneHBl HCCIEIOBaHUS O OKHCIMTEIHFHOMY IPEBPALIEHHIO MPOIaH-OyTaHOBOW cMecH
BO3IyXOM B KHUCIOpOACOAEpKamue Kommo3uuuu. OmpeneneHsl ONTUMalbHBIE TEMIIEpaTypsl —IpoLecca,
COOTHOUICHHSI HMCXOJHBIX KOMIIOHEHTOB DPEaKIMOHHOW CMECH, COAEPXaHWs aKTHBHOW (a3pl Ha HOCHTENE U
00BeMHbIe ckOpocTH. [IpoBeneHbl HU3NKO-XMMHUYCCKHIE UCCICIOBAHUS KAaTaTU3aTOPOB UCXOTHBIX U 00pabOTaHHBIX
B YCJOBHUAX AKcHepuMeHTa. IIpu m3MeHeHuHM conep’kaHHMs aKTHBHOTO KoMmoHeHTa oT 1 mo 10% Ha Hocutene
YCTaHOBJICHO, YTO Haubosiee onTuManbHbiM siBisieTcss 1%MoCrGa/TT" karanu3zatop, Ha KOTOPOM IOJIyYeHO M0
89,92% Bomopona. B pe3ynbraTe BapbHpOBaHHS COCTaBa KaTaln3aTopa, CoJlepKaHUs aKTHBHOW (ha3bl, COOTHOLICHUS
pearupyrommx KOMIIOHEHTOB Obuto moiydeHo 1o 70% srtunena. Kpome Toro, B psine ciyuyae nomyyen CH3;OH,
MaKCUMaJIbHBII BBIXOJ KOTOPOro cocTasisieT 22%, a Takxe 10 35% mertuwnatuikeroHa. B pesynsrare OM u POA
WCCIIEOBAaHUH TOKa3aHO, YTO B PEAKIMOHHBIX YCIOBHSIX Ha MOBEPXHOCTH KaTalM3aTOpoB oOpasyercst HoBas (haza
Cr,0s (cootsercTyer nepexony Cr*' u Cr'* 8 Cr’"), a Taoke coBmMecTHbIe $assl Mo ¢ Cr B pasiHyHbIX BaNICHTHBIX
COCTOSTHHSIX, PU3UIECKUIT CMBICT M POJIb KOTOPBIX MIPEACTOUT ONPENEIIHUTH.
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SYNTHESIS AND ANTI-MICROBIAL ACTIVITY
OF N'-(2-HYDROXY-5-NITROBENZYLIDENE)
ISONICOTINOHYDRAZIDE

Abstract. The paper presents data on the synthesis, structure and bioactivity of N '- (2-hydroxy-5-
nitrobenzylidene) isonicotinohydrazide based on isonicotinic acid hydrazide. The structure of the new hydrazone was
studied by 'H and ">C NMR spectroscopy, as well as two-dimensional COSY (‘H-"H) and HMQC (‘H-"C) spectra.
The values of chemical shifts, multiplicity and integral intensity of "H and "*C signals in one-dimensional NMR
spectra are determined. Using spectra in COSY (‘H-'H) and HMQC ('H-"*C) formats, homo- and heteronuclear
interactions have been established, confirming the structure of new isonicotinic acid derivatives. Studies of the
synthesized compound for antimicrobial activity against drug-sensitive museum strains of bacteria and fungi have
been carried out. According to the results of bioassays, it was shown that a new hydrazone derivative of isonicotinic
acid in a dose of 1 pg has a weak potential for antimicrobial activity, and the diameters of growth inhibition zones for
in vitro test cultures averaged 12 = 1.0 mm.

Key words: isonicotinic acid, hydrazones, chemical modification, antimicrobial activity.

Isonicotinic acid hydrazide (INH) is today one of the main widely used and fairly inexpensive
tuberculostatics, however, it still does not meet the requirements for modern drugs in many clinical
settings. On the basis of INH, a large number of various derivatives have been synthesized with a wide
variation of the antituberculosis activity and toxicity of the compounds [1-3]. Thus, in 1951, in the Soviet
Union, a method was developed for the synthesis of the drug ftivazid by the interaction of isonicotinic acid
hydrazide with vanillin [4]. Ftivazide, due to its low toxicity and good individual tolerance, and currently
occupies a leading place in the treatment of various forms of tuberculosis [4]. In clinical practice, other
isonicotinic acid hydrazones, such as methazide, saluzid, and larusan, are widely used today. However,
difficulties in the treatment of tuberculosis are associated with the development of drug resistance of
Mycobacterium tuberculosis and, as a result, the drug loses its therapeutic effect. In this regard, the
synthesis of new derivatives of isonicotinic acid hydrazones continues, and the search for new highly
effective anti-TB drugs is still an urgent task [5].

In addition, it is known that hydrazones are generally widely used in synthetic chemistry due to the
simple method of their production [6] and various biological activities besides anti-tuberculosis action
(plant growth regulators, herbicides, fungicides, antioxidants) [7, 8]. Continuing research on the
modification of isonicotinic hydrazide, it seemed interesting to obtain new hydrazones based on INH,
containing additional pharmacophoric groups.

The purpose of this work was to study the reaction of the interaction of isonicotinic acid hydrazide (1)
with  2-hydroxy-5-nitrobenzaldehyde (2). The synthesis of the new N'-(2-hydroxy-5-
nitrobenzylidene)isonicotinohydrazide (3) was carried out in ethyl alcohol at 50-60 °C for 4 hours.
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The reaction product (3) is a well-crystallized substance, soluble in many organic solvents, the yield
of the compound is 92.0%.

The composition and structure of N'-(2-hydroxy-5-nitrobenzylidene)-isonicotinohydrazide (3) are
confirmed by the data of IR-, 'H- and “C- NMR spectroscopy, as well as two-dimensional spectra of
COSY ('H-'H) and HMQC ('H-"C).

In the IR spectrum of compound (3) there is an intense absorption band in the region of 3028-3094
em ', corresponding to valence N—H vibrations, in the region of 3016-3049 c¢cm™' - to valence C-H
vibrations of the pyridine ring, 1870-1955 cm ™' - the overtones of the pyridine ring, 1642-1651 cm™ - the
vibrations of the C=0 bond, the vibrations of the C=N bond are recorded in the region of 1543 cm™.

The "H NMR spectrum of the compound (3) is characterized by the presence in the aromatic region at
7.05 ppm doublet with an intensity of 1H with J 9.2 Hz of the atom H'* of the benzene nucleus. The H'
proton, adjacent to H', as a result of spin-spins splitting by a neighbor, also manifests itself as a doublet
signal at 8.11 ppm with an integrated intensity of 1H with *J 8.6, characteristic of aromatic compounds.
H' proton of the benzene nucleus, not having proton containing neighbors, is manifested by a singlet at
8.69 ppm with an intensity of 1H. Equivalent protons of the pyridine ring H* and H> resonated with
doublet signals with an intensity of two protons at 8.75 (*J 5.5 Hz) and 7.80 (*J 5.5 Hz) ppm respectively.
The proton H'', which is unable to interact with other protons through three bonds, respectively,
manifested itself in the form of a singlet signal at 8.54 ppm with an integrated intensity of 1H. The protons
of the hydroxyl group and the amide bond manifested themselves in the form of broadened singlets with
an integral 1H each in the weakest field of the spectrum at 12.55 and 12.37 ppm respectively.
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In the *C NMR spectrum of N'-(2-hydroxy-5-nitrobenzylidene)-isonicotinohydrazide (3), signals of
the aromatic ring are observed at 117.60 (C'*), 120.51 (C'%), 127.35 (C"), 140.34 (C'°), 145.48 (C"") u
162.12 (C") ppm. The carbon atoms of the pyridine fragment resonated at 122.05 (C**), 150.89 (C*°) u
140.45 (C*) ppm. Chemical shift signal at 123.91 ppm corresponds to the carbon atom bound by a double
bond with the nitrogen atom. In the field of a weak field at 163.09 ppm marked signal carbonyl atom C’.
The structure of compound (3) was also confirmed by the methods of two-dimensional NMR spectroscopy
COSY ('H-'H) and HMQC ('H-"C), which allows one to establish spin-spin interactions of a homo- and
heteronuclear nature. The observed correlations in the molecule (3) are shown in Figures 1 and 2. In the
COSY ('H-'H) spectra of the compound (3) spin-spin correlations are observed through three proton
bonds of the neighboring methylene groups H?-H® and H’-H® of the pyridine ring cross-peaks with
coordinates at 8.73, 7.80 and 7.78, 8.75. Coordinates 8.10, 7.05 and 7.04, 8.11 correspond to the
homolytic interaction through three bonds of the neighboring aromatic protons H'*'">. Heteronuclear
interactions of protons with carbon atoms through one bond were established using HMQC (‘H-"C)
spectroscopy for all pairs present in the compounds: H'*-C'* (7.03, 117.61), H**-C** (7.78, 122.07), H"*-
C'(8.09, 127.25), H''-C"' (8.52, 123.89), H'"-C"7 (8.68, 145.45), H**-C*°(8.73, 150.85).




News of the Academy of sciences of the Republic of Kazakhstan

Figure 1 - Scheme of COSY (‘H-'H)
correlations compounds (3)

Figure 2 - Scheme of HMQC ('H-"C)
correlations of compound (3)

In order to study the biological activity of the synthesized new derivative of isonicotinic acid
hydrazide, a bioscreening was conducted for the presence of antimicrobial activity against drug-sensitive
museum strains of bacteria and fungi. Antimicrobial activity was assessed by the minimum inhibitory
concentration (1 pg), and the concentration of reference drugs was 1 mg.

The sensitivity of bacteria S. aureus, Bacillus subtilis 6633, E. Coli, Ps was determined. Aerugiosa
ATCC 9027 and the yeast fungus Candida albicans to the test sample (3) by the diffusion method using
discs, solvent 96% ethyl alcohol. The antibiotic benzylpenicillin sodium, gentamicin and the third-
generation cephalosporin antibiotic, ceftriaxone, and nystatin, antifungal activity, have been selected as
standards for evaluating antibacterial activity. Test cultures were sown using the lawn method on nutrient
media: JSA, Endo medium, nutrient agar and Saburo medium. Then the Petri dishes were incubated for 24
hours at 28-37 °C.

Antimicrobial activity of the samples was assessed by the diameter of the zones of growth inhibition
of test strains (mm). The diameters of the zones are less than 10 mm and continuous growth in the cup was
evaluated as the absence of antimicrobial activity, 10-15 mm — weak activity, 15-20 mm — moderately
pronounced activity, more than 20 mm — pronounced. The main sample was tested in three parallel
experiments. Statistical processing was performed by parametric statistics with the calculation of the
arithmetic mean and standard error. The results of the identified growth delays on the media are shown in
the table.

Table — Antimicrobial activity of N'-(2-hydroxy-5-nitrobenzylidene)-isonicotinohydrazide.
Diameters of growth inhibition of test strains, mm

B.subtilis . Ps.aerugiosa ATCC .
Test substances S.aureus 6633 E.coli 0027 C.albicans

IN'-(2-hydroxy-5-nitrobenzylidene)-
isonicotinohydrazide (3) 12+£1.0 13£1.0 13£1.0 11+£1.0 12+1.0
Ethyl alcohol 96% 9+1.0 9+1.0 9+1.0 9+1.0 9+1.0
Benzylpenicillin sodium salt 15£1.0 - 16£1.0 12+1.0 -
Gentamicin 22+1.0 30+1.0 31+1.0 30+1.0 -
Ceftriaxone 30+1.0 30+1.0 29+1.0 22+1.0 -
INystatin - - - - 25+1.0

These  pharmacological studies have shown that N'-(2-hydroxy-5-nitrobenzylidene)
isonicotinhydrazide (3) at a dose of 1 pg has a weak antimicrobial activity potential, since the diameters of
the in vitro growth inhibition zones for test cultures averaged 12 + 1.0 mm. Chemical modification of
derivatives of isonicotinic acid hydrazide can ensure the production of new biologically active substances
with antimicrobial activity.

Experimental part

The 'H and >C NMR spectra of the compounds (3) were recorded on a INN-ECA 400 spectrometer
from Jeol (Japan) in a DMSO-ds solution relative to the internal TMS standard with a frequency of 400
and 100 MHz on the 'H and "C cores, respectively. IR spectra were taken on a Cary 600 Series FTIR
spectrometer manufactured by Agilent Technologies (USA) using a single reflection attachment on a
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Gladiatr diamond manufactured by PIKE (USA). All measurements were carried out at a resolution of 4.0
cm™, the number of scans was 40. Melting points were determined on an OptiMelt instrument. TLC
analysis was performed on Silufol UV-254 plates, the manifestation of iodine vapor. Biological tests of
samples of the synthesized compounds for antibacterial and antifungal activity were carried out at the base
of the Department of Microbiology of Karaganda State Medical University.

N'-(2-hydroxy-5-nitrobenzylidene) isonicotinohydrazide (3). To a mix-ture of 0.7 g (0.004 mol) of
isonicotinic acid hydrazide in 10 ml of ethanol, 0.8 g (0.004 mol) of 2-hydroxy-5-nitrobenzaldehyde
dissolved in 10 ml of ethanol was added with stirring at room temperature. Then the reaction mixture was
stirred for 4 hours at a temperature of 50-60 °C under reflux. The completion of the reaction was
monitored by TLC. The solution was cooled, the precipitated precipitate was filtered. Received 1.3 g
(92,0%) of the product (3) yellow with a melting point of 285-287 °C. Found, %: C 54.65; H 3.31; N
19.63. Calculated, %: 54.54; H 3.49; N 19.58. C;3H,(N;O,. NMR 'H (DMSO-dy), 5, ppm: 7.05 d (1H, H",
*Jun 9.2 Hz), 8.11 d (1H, H", *Jyy 8.6 Hz), 8.69 ¢ (1H, H'), 8.75 d (2H, H**, *Jyy 5.5 Hz), 7.80 d (2H,
H*, *Juu 5.5 Hz), 8.54 ¢ (1H, H'"), 12.15 br. with (1H, OH), 12.37 br. with (1H). NMR "*C (DMSO-dj),
3, ppm: 117.60 (C'), 120.51 (C'?), 127.35 (C"), 140.34 (C'®), 145.48 (C"7), 162.12 (C"), 122.05 (C*?),
150.89 (C*°), 140.45 (C%), 123.91 (N=CH), 163.09 (C=0).

This work was supported by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AR051311054).
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N'-Q-THAPOKCH-5-HUTPOBEH3NINIEH)N30HNKOTHHO-TUPA3H/IIHIH CHHTE3I MEH
MHUKPOBKA KAPCBI BEJICEH/ILIITT

AnHoTanus. JXyMbIcTa H30HUKOTUH KBIIIKBUIBI TUAPA3UAiIHIH HETi3iHe anbiaFaH N'-(2-THapoKCcH-5-HUTPOOESH-
3WJI/ICH) M30HUKOTHHOTHAPA3UAiHIH CHHTE31, KYPBUIBICH XKoHE OHo-OeNceHainiri OOHBIHIIA TepeKTep KeNTipiireH.
Kana runpa3oHHBIH KypeUTHICE IMP '"H- xome 13C-CH6KTpOCKOHI/I}I omicrepimeH, coHmaii-ak COSY (IH—IH) JKOHE
HMQC ('H-"C) exiemmemai criextpnepinin nepexrepimen 3eprrenren. bipenmemai SIMP criextprepinge 'H xone
C curuanzapabIH HHTErpanbIK KAPKBIHIBUIBIFGL, My IbTHIUIETTIIN KOHE XHMUSIBIK BIFBICY MOH/ICPI aHBIKTAIIBL.
COSY ('H-'H) sxone HMQC ('H-"°C) dopmaTTapbIHIars! CIIEKTpiep KOMETiMEH H30HHKOTHH KBIIIKBITBIHBIH JKaHa
TYBIH/IBICBIHBIH KYPBUIBIMBIH PACTaNTBIH TOMO- OHE TeTepOsIPOJIBIK ©3apa dpeKeTTecysepi opHaThuilbl. bakre-
pUsiIap MEH 3eHJEep/iH ASPUIIK-ce3iMTan My3el IITaMMAapblHa KaThICThI MUKPOOKa Kapchl O€JICEHIITIKKE CHHTE3-
JISJITCH KOCBUIBICTApFa 3epTTeyJiep Kypri3iimi. buockiHay HoTHkenepi OoibiHIIA 1 MKr J03aJarbl M30HUKOTUH
KBIIIKBUIBIHBIH JKaHa TUAPA3OH/IBIK TYBIHABICHI MUKPOOKA Kapchl OCICEHAUTIKTIH QJICI3 IAMAChIHA U, IN Vilro TeCTi-
JIK JTaKbUIIAp/ABIH 6CYiH KiIipTy aiMarblHBIH JUaMeTpiiepiHiH opraia ecenmer 12+1,0 MM KypalThIHBI KOPCETLITeH.

Tyiiin ce31ep: M30HUKOTHUH KBIIIKBUIBIHBIH THAPA3U/i, THAPA30H AP, XUMHUSUIBIK TYPJICHIIPY, MUKPOOKa Kapchl
OeJceH LTIk,
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CHUHTE3 U TIPOTUBOMUKPOBHAS AKTUBHOCTD N'-2-THAPOKCH-5-HUTPOBEH3U/INIEH)
N30HUKOTUHOI'UAPA3ZUA

AHHoTanusi. B pabore mpuBeneHBl AaHHBIE 10 CHHTE3Y, CTPOCHHIO M OnoakTHBHOCTH N'-(2-THAPOKCH-5-
HI/lTp06eHSI/IHI/II{eH)I/BOHI/IKOTl/IHOFI/l[lpaSl/lZ[a, MOJIYYCHHOTI'O Ha OCHOBE THApasuja H30HUKOTHHOBOM KHCJIOTHI.
CtpoeHre HOBOTO THApa3oHa uccienoBaHo merogamu SIMP 'H- u 13C—CHCKTpOCKOHI/II/l, a TaKXe JIaHHBIMHU
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neyMepHeix crektpoB COSY (‘H-'H) m HMQC ('H-"C). Omnpenencbl 3HaueHHMS XMMHUYECKHX C/IBHIOB,
MYJIBTHIUIETHOCTb M HHTEIPalbHAs MHTEHCHBHOCTb curHano 'H i °C B ogHOMepHbIX criektpax SIMP. C noMomsio
criektpoB B popmarax COSY ("H-'H) u HMQC ('H-"°C) ycranoBieHb roMO- 1 reTeposiepHble B3aHMOACHCTBHS,
MOJTBEPKAAIOMINE CTPYKTYpPy HOBOTO TIPOM3BOAHOTO HM30HHUKOTHHOBOM KHCIOTHL. I[IpoBeneHBI HCClIeZOBaHU
CHHTE3MPOBAHHOIO COCAWHEHHWA HAa AaHTHUMHUKPOOHYIO aKTUBHOCTh B OTHOIICHHWH JIEKAPCTBEHHO-UYBCTBUTEIBHBIX
My3€HHBIX IITaMMOB OakTepmii u TpuboB. Ilo pesynpraTamMm OHOMCHIBITAHWI ITOKa3aHO, YTO HOBOE THIPa30HOBOE
MPOM3BOIHOE W30HUKOTHHOBOM KHCJIOTHI B J103¢ 1 MKr o0nazaer cinaOblM IOTEHIMAIOM INPOTHBOMUKPOOHON
aKTUBHOCTH, TMAMETPHI 30H 3aJIEP>KKH POCTA TECTOBBIX KYJBTYP i1 Vitro B cpeHeM cocTaBisitoT 12+1,0 mm.

KiroueBble cioBa: ruapasuibl M30HUKOTUHOBOM KHUCJIOTBI, THUAPA30HbI, XUMHYCCKad MO[[I/I(I)I/IKaLII/Iﬂ,
AHTHMHUKPOOHAS aKTUBHOCTb.
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POLYVINYLPYRROLIDONE-FERROCYANIDE CATALYSTS
FOR CYCLOHEXANE OXIDATION

Abstract. Catalysts for cyclohexane oxidation are developed. Polymer-ferrocyanide catalysts fixed on various
mineral supports are prepared by the adsorption method. Properties of synthesized catalysts are studied in
cyclohexane oxidation with hydrogen peroxide. Reaction is carried out under mild conditions: at 40 °C and
atmospheric pressure. All prepared polymer-metal catalysts supported on inorganic substrates are active in the
process of cyclohexane oxidation.

Polymer-metal complex fixed on alumosilicate Siral-20 shows 14% more activity than the system fixed on
Siral-40. However selectivity of catalyst 5% Ky4[Fe(CN)s] -PVP/Siral-40 is much higher. Under equal conditions, its
selectivity for cyclohexanone is 83.4%, whereas selectivity for cyclohexanone of 5% K4[Fe(CN)s]-PVP/Siral-20 is
only 61.7%. Catalyst fixed on y-Al,O; demonstrates less activity (25.5%) and selectivity than aluminum silicates
(cyclohexanone : cyclohexanol ratio is 1.2 : 1). At the same time, with a sufficiently high selectivity for
cyclohexanone (70.4%), 5% K4[Fe(CN)q]-PVP/SiO, shows the conversion which is only 17.2%.

The effect of acidic properties of carrier surface on selectivity is studied. It is established that the nature of
support (acidic properties of surface) has a significant effect on activity and selectivity of synthesized catalysts.

Polyvinylpyrrolidone-ferrocyanide complex 5%Ky[Fe(CN)¢]-PVP/Siral-40 exhibits the best catalytic properties.
The conversion of cyclohexane is 42.9%, selectivity for cyclohexanone is 83.4% and cyclohexanone : cyclohexanol
ratio is 5: 1.

Key words: polyvinylpyrrolidone, ferrocyanide catalyst, cyclohexane, oxidation, cyclohexanol, cyclohexanone,
selectivity.

Introduction

Liquid phase cyclohexane oxidation is an industrially significant process [1,2]. Partial cyclohexane
oxidation products - cyclohexanol and cyclohexanone - are used to produce caprolactam, adipic acid,
polyamide fibers, nylon-6 and nylon-66 [3.4].

In industry cyclohexane is oxidized by atmospheric oxygen over homogeneous catalytic systems at
high temperatures and pressures using toxic solvents. Cobalt, copper, and manganese salts are used as
catalysts [5]. At temperatures above 423 K and oxygen pressure up to 3.0 MPa conversion of cyclohexane
is 4-15%, selectivity for the sum of cyclohexanone and cyclohexanol is 80-85% [6]. It is quite difficult to
carry out reaction of cyclohexane oxidation selectively to cyclohexanol and cyclohexanone which are
intermediate products [7-9] of the process.

Selectivity of cyclohexanol and cyclohexanone formation decreases as the degree of initial substance
conversion into products rises, therefore in industrial processes in order to increase selectivity it is
required to strictly control conversion. In this regard, increasing selectivity of cyclohexanol and
cyclohexanone formation with increase in conversion of cyclohexane is a very important challenges of
catalysis [10,11].

The problem of saturated hydrocarbons oxidation is associated with high energy consumption for C —
H and C — C bonds breaking. In nature reactions of various hydrocarbons oxidation easily proceed with
participation of enzymes capable to oxidize with high activity and selectivity non-activated C — H bonds
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of hydrocarbons [12—15]. In natural oxygenates hem-iron complex of protoporphyrin plays the role of
active center. The iron-porphyrin complex is similar to the complex found in oxygen carriers, hemoglobin
and myoglobin, as well as in catalase and peroxidase enzymes.

The increased catalytic activity and selectivity of enzymes initiated research aimed on the
development of highly efficient catalysts that act like biocatalysts [16-18].

Polymer-metal complexes exhibit high activity and selectivity in oxidation processes. A very
promising is use of synthetic nitrogen-containing polymers, which easily form complexes with metal ions,
to create catalytic systems [19]. To increase stability with repeated use of catalytic systems, polymer-metal
complexes are applied on organic or inorganic supports [20, 21]. Such systems in many cases combine the
advantages of both homogeneous and heterogeneous catalysts [22].

Despite the good catalytic properties of polymer-metal complexes on inorganic supports in various
processes of organic synthesis, there are very few studies on their characteristics and use in cycloalkane
oxidation reactions. Therefore development of new heterogeneous catalysts based on soluble polymer-
metal complexes is of great interest for the processes of cyclohexane oxidation.

To create catalytic systems it is preferable to use nitrogen-containing polymers that easily form
complexes with metal ions. One of them is water and ethanol soluble polymer of N-vinylpyrrolidone -
polyvinylpyrrolidone (PVP). PVP is highly hydrophilic, has a clear tendency to form complexes and good
adhesive properties [23, 24]. Among the important properties of this polymer is its non-toxicity.

Catalytic activity of polyvinylpyrrolidone-ferrocyanide complexes fixed on inorganic supports is
investigated in the present work. The effect of acidic properties of carrier surface on selectivity of
cyclohexane oxidation is studied.

Methods

Polymer-ferrocyanide catalysts were prepared by adsorption method based by deposition of 5% of the
active phase on substrate mass. Alumosilicates (Siral-40 with content of SiO, 40% and Siral-20 with SiO,
content 20%), SiO, and y-Al,O; were used as carriers. Polyvinylpyrrolidone with a molecular weight of
15,000 was used as a macromolecular modifier.

To assess the effectiveness of poly-N-vinylpyrrolidone-ferrocyanide catalyst in oxidation reaction
twice distilled chemically pure cyclohexane was used. Purity of substrate was checked by method of
chromatography and according to the refraction index. Concentration of substrate in the experiments was
2.710° mole/l. 40% solution of hydrogen peroxide was used as oxidizing agent. As a solvent it was used
twice distilled chemically pure acetonitrile.

An aqueous solution of polyvinylpyrrolidone containing 0.0522 g of polymer in 5 ml of water was
added to the aqueous suspension of carrier (0.5 g of oxide or aluminosilicate in 5 ml of water) at room
temperature with constant stirring. Mixture was stirred by magnetic stirrer for 2 hours, after that water
solution of potassium ferrocyanide (0.1728 g of salt in 5 ml of water) was added. The resulting system was
vigorously stirred for 3 hours, and then left in the mother liquor for 10 hours. The precipitate was washed
with a 10-fold volume of water, dried and stored in air at room temperature.

Cyclohexane oxidation was carried out in a laboratory unit (Fig. 1) under mild conditions: at 40 °C
and atmospheric pressure.

Cooling 4
3" E

To thermostat

|

Figure 1 - Volumetric oxidation unit: 1 — thermostatic reactor, 2 — magnetic stirrer,
3 — oxidizer dosing device, 4 — cooler, 5 — measuring burette, 6 — equalizer

— 3 ——
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A portion of catalyst (0.03 g) was introduced into the reaction vessel with 1.2 ml of acetonitrile. Next,
cyclohexane (0.3 ml) and hydrogen peroxide were introduced in the form of 30% aqueous solution, taken
in threefold excess with respect to substrate. The reaction mixture was stirred with magnetic stirrer.
Oxidation was carried out at 313 K and atmospheric pressure. Reaction mixture was analyzed
chromatography after certain periods of time. The amount of released oxygen was determined by
volumetric method.

Cyclohexane and products of its oxidation were analyzed by LHM-80M chromatograph with flame
ionization detector in isothermal mode. Stainless steel column with length of 3 m and internal diameter of
3 mm was filled with N/W-DMCS chromaton with active phases of 15% Apiezon-L and 3% Carbowax-
20M.

Results and discussion

Synthesized catalysts were studied in reaction of cyclohexane oxidation with hydrogen peroxide.
Cyclohexane oxidation is carried out according to the scheme below. Oxygen, which is formed during
decomposition of H,O,, is emitted as a gas, and a part of it is consumed for oxidation of cyclohexane:

1 )clohexane . .
H,0, > H,0+ 502 —Gdohexane_y Oxidation products

Formation of oxygen-containing compounds — cyclohexanol (-ol) and cyclohexanone (-one) takes
place according to reaction:

OH O
Q1. " o

Calculated amount of oxygen required for oxidation of 1 mole of cyclohexane is 0.75 mole.
The results of cyclohexane oxidation on synthesized systems are presented in Table 1.

Table 1 - Yield of cyclohexane oxidation* with H,O, products on catalysts 5% K4[Fe(CN)4] -PVP/support

Catalysts Reaction products, % Conversion, Selectivity,%
-ol -one % -ol -one
5% K4 [Fe(CN)g]-PVP/Siral-40 35,8 7,1 42,9 83,4 16,6
5% K4 [Fe(CN)g]- PVP /Siral-20 30,9 19,2 50,1 61,7 38,3
5% K4 [Fe(CN)g]- PVP /y-ALO; 13,7 11,8 25,5 54,9 45,1
5% K4 [Fe(CN)4]- PVP /SiO, 12,1 5,1 17,2 70,4 29,6

* Reaction conditions: solvent — acetonitrile, T = 313K, P =1 atm.

1) oxide + ?% %

polymer

oxide

2) + Me " E oxide

oxide

Figure 2 - Scheme of supported polymer-metal complex formation
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As can be seen from the data in table, despite the fact that the polymer-metal complex fixed on Siral-
20 shows 14% more activity than the system fixed on Siral-40, selectivity of the latter is much higher.
Thus, on 5% K4[Fe(CN)s] -PVP/Siral-40 catalyst, selectivity for cyclohexanone is 83.4%, whereas for
polymer-metal complex fixed on Siral-20 it is only 61.7%. Catalyst supported by y-Al,O; shows less
activity (25.5%) and selectivity than aluminum silicates (cyclohexanone : cyclohexanol ratio is 1.2 : 1). At
the same time, with a sufficiently high selectivity for cyclohexanone (70.4%) on 5% Ku4[Fe(CN)g] -
PVP/Si0O,, conversion is only 17.2%.

Apparently, high selectivity for aldehyde of the process on catalyst supported on Siral-40 is associated
with formation of active centers with participation of polymer ligands that contribute to the specific
orientation of substrate (Fig. 2), possibly due to the hydrophobic interaction of cyclohexane with
macromolecular chains of PVP (“hydrophobic pocket” in metal-enzymes).

It can be stated that the strength of polymer-carrier bond is determined by high donor capacity of
nitrogen atom in polymer structure and by cooperative nature of polymer chain segments interaction with
the carrier. Degree of acidity of the surface of carrier plays an important role in adsorption of PVP, since
this polymer has a nitrogen-containing functional group capable of interacting with acid sites. According
to traditional concepts, aluminosilicate has the greatest degree of acidity, and, therefore, a stronger bond
PVP - adsorbent forms on this support. As is known, the concept of acid-base bond on the surface of
mineral carriers is due to existence of Lewis and Brensted acid-base centers. These centers serve to adsorb
the molecules of various adsorbates. Irreversible adsorption of polymers takes place in the phase of
inorganic carrier, which is very important for formation of strongly bonded polymer-metal complexes. In
addition, Siral-40 has higher specific surface area (420 m*/g) in comparison with other carriers.

Conclusions

New catalysts based on polymer-ferrocyanide complexes fixed on mineral supports have been
developed for the process of cyclohexane oxidation with hydrogen peroxide. It was established that all
prepared polymer-metal catalysts supported on inorganic substrates are active in cyclohexane oxidation.

Like biomimetic systems, these catalysts exhibit high activity and selectivity in cyclohexane oxidation
under mild conditions. The nature of support affects activity and selectivity of synthesized catalysts. It was
established that the acidic properties of the carriers’ surface significantly affect selectivity of oxidation
process.

The most selective for cyclohexanone is polyvinylpyrrolidone-ferrocyanide complex fixed on
aluminosilicate with 40% of SiO, (conversion is 42.9%, cyclohexanone : cyclohexanol ratio is 5: 1).
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OEPPOIIMAHUATI NOJIMBUHUJIITUPPOJINIOH-KATAJINU3ATOPJIAPBIHBIH
OUKJIIOI'EKCAHJIA TOTBIFYbI

AnHoTanusi. [[ukinorekcanapl TOTBIKTBIPYFA apHAIFAH KaTalu3aTopiap AallblHIAIAbL. OpPTYpii MHUHEPAIIbI
nmouMepeppPOIIMaHUATI TaChIMANIIAFBIIITapFa OEKITUITeH KaTaau3aTopiap aaCcOpOIUIIBIK OMICTICH TalbIHIAIb.
CHHTE3/IeNIreH KaTaln3aTopiap HUKIOTeKCAHHBIH CyTeri KOC TOTHIFBIMEH TOTHIKTHIPY PEaKLUsIIAPbIHAA 3€PTTEII.
TOTHIKTHIPY KYMCaK karaaiina (maprrapaa), seau 40°C-ta xoHe aTMochepitik KpichiMa Kyprizingi. HoTwmxkecinne
OapibplK  JadBIHAAIFAH — MOJUMEPMETANAbl  KaTanu3artopiapiblH — (OeHopraHMKaNBIK — TachIMAJAFbIIITApA)
IUKJIOT€KCaHHBIH TOTHIFY MPOLECiHe OeICeHAIIITi apTaThIHBI AaHBIKTAIIBI.

Siral-40 TaceIMayIaFbIIBIHIA JalbIHAAIFaH —Karanu3aTopra KaparaHnma Siral-20  amoMocHIIMKaThIHAA
JAfbIHAATFaH TTOMMEPMETANABIK KeleHaepain Oencennimiri 14%-ra xorapel 5% Ky[Fe(CN)y]-IIBI1/1/Siral-40

— 34 ——
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KaTaln3aTOPBIHBIH ITMKJIOTEKCAH OOWBIHINA CENeKTHBTLNIr: aifrapmeiktaid xorapel. Cebebi 5% Ky[Fe(CN)gl-
MBII[/Siral-20-qa nmkiaorekcan Oo#bIHIIA ceTeKTHBTLIK 61,7% TeH OonmFaHOa CoMKeciHINe OCHI JKargaimapia
(Siral-40 xaranmusatopsiHna) ceneKTHBTIMK 83,4% xypahmpl. y- Al,Os-Ta naiiblHOanFaH KaTalu3aTOpIIapablH
Oencenniniri amroMocunukarrapra (25,5%) kaparanga temen (OH:0JI=1,2:1). Ocw yakbitta 5% K4[Fe(CN)gl-
[BITJ/SiO,

Karanuzaropsinna uukinorekcanubiy —cenektustimiri  (70,4%) xorapel, kouBepcus 17,2%  Kypaiinsl
TaceiManaarein OCTiHIH KBIIIKBUIABIK KACHETIHIH IPOIECC CEeJICKTUBTUIINIHE ocepi 3eprrenmi. HoTwkecinme
TaChIMAJIJIAFBIII TAOWFATHIHBIH (OCTIHIH KBIIIKBUIABIK KACHETI) CHHTE3JCNITCH KaTalnu3aTopiiap OCJICeHIUTrT MeH
CeJIEKTHUBTLIITiHEe alTapibIKTai acep ererinairi anbikTanabl. Ky Fe(CN)g]-TIBI1/1/Siral-40 noauBHHUANUPPOIUAOH —
(heppolMaHUITI KENICH OTE >KOFaphl KaTAMTHUKAJBIK KacweT Kepcerenmi. LluknorekcaHHbH KoHBepcHsichl 42,9%,
OH:0OJI=5:1 apakaTeIHACBIH/IA IIMKJIOTEKCAHHBIH CEIEKTUBTLIIT 83,4% TeH.
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IMPROVEMENT OF PERFORMANCE PROPERTIES
OF DIESEL FUELS WITH MULTIFUNCTIONAL ADDITIVE

Abstract. The article presents research materials on the evaluation of coagulants properties for growth of resins
and oxidation products dissolved in diesel fuel. Micrographs of fuel samples after sulfuric acid attack are given. The
evaluation and the research results of alkali attack on the fuel are presented. As a result of aqueous carbamide
solution attack on the fuel, the ability of aggregation of resins practically dissolved in diesel fuel was established.
The research results of combined compositions of reagents are given. The author notes that combination of sulfuric
acid and aqueous carbamide solution when added to diesel fuel allows reduce the content of existent resins by half,
while the fuel acidity is reduced by 13%. The article also reveals the patterns of changes in the content of existent
resins in the fuel from the duration of sedimentation at different combinations of coagulant compositions. According
to the research results, it was established that among the considered agents, the greatest effect of the coagulation
process of dissolved impurities in the fuel is achieved by its interaction with the aqueous carbamide solution and
sulfuric acid.

Key words: diesel fuel, resins, coagulation, physicochemical parameters, sulfuric acid, alkali, carbamide,
sedimentation, removal.

Introduction. Diesel fuels are one of the most popular petroleum products used in agricultural
machinery. Composition, properties and quality of diesel fuels used in engines of tractors and automobiles
largely determine the resource and reliability of components and parts of fuel equipment and cylinder-
piston group.

The reliability of work of tractors, combines and automobiles largely depends on the quality of the
used diesel fuel, its performance properties.

Main part.Analysis of fuels stored in oil stores and used in agricultural enterprises showed [1] that
fuels purchased from commercial structures from “wheels” in 40-60% of cases had a deviation from the
standard values for fractional composition, low-temperature, anti-wear, lubricating properties, content of
sulfur and existent resins [2].

One of the problems of poor quality and unsatisfactory condition of diesel fuel used in tractors,
automobiles and combines are their storage and transportation conditions.

As is well known, among contaminants present in diesel fuel, besides mechanical impurities and free
water, easily removed by physical cleaning methods, it contains dissolved resins, asphaltenes, oxidation
products, sulfur, which are practically impossible to remove [1-3].

The main difficulty of removal consists in the absence of means of cleaning the fuel from inclusions
of dispersed composition less than 0.1-0.5 microns.

Resins present in fuels and sulfur do not always negatively characterize the quality of the fuel, as they
are to a certain extent “lubricating components” [2, 4-7].

On the other hand, increased content of resins, sulfur, and heavy fractions in diesel fuel when it is
burned in a cylinder-piston group can cause formation of lacquer and increase in wear of parts of the
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cylinder-piston group. In addition, the above components of the diesel fuel adversely affect the economic
performance of the engine and exhaust pollution[8-13].

It is possible to remove dissolved impurities from the fuel by filters, centrifuges, separators only by
enlarging their dispersion composition, while it is necessary to use physical and chemical methods of
cleaning [6-7].

To select and evaluate the possibility of removal of dissolved impurities, several pretreatment
methods of the fuel with coagulants were considered, in particular sulfuric acid, alkali and carbamide
attack on the fuel [3, 14-21].

Analysis of the fuel under a microscope with magnification K, = 110 times shows that there are no
inclusions in the fuel with existent resin content of 60 mg/100 cm’ and mass fraction of sulfur of 0.5% or
more.

The following reagents were used to enlarge the dissolved impurities:

1. Sulfuric acid percentagewise to the fuel 0.1-0.5%.

2. Calcined soda solution in water in the ratio 1:5, 1:3, 1:1.

3. Aqueous carbamide solution in the ratio 1:1.

And also their different combinations:

- acid attack, followed by the aqueous carbamide solution attack;

- acid attack, followed by the alkali and aqueous carbamide solution attack;

- alkali attack, followed by the aqueous carbamide solution attack.

In accordance with the research methods, sulfuric acid was alternately added percentagewise 0.1; 0.2;
0.3; 0.4; 0.5% to the diesel fuel with the content of the existent resins 60 mg/100 cm’ and sulfur content,
0.5 mass %.

The fuel temperature was 20°C. The mixture was mixed for 0.5 hours. The coagulation process was
examined under a microscope and micrographs were taken. The results of the examination are presented in
Figure 1 (a, b, c, d).

c) d)

Figure — 1. Micrographs of the diesel fuel samples when adding in it: a) 0.1% of sulfuric acid; b) 0.2% c) 0.3%; d) 0.5%

Figure 1 shows that even a small amount of acid (0.1%) causes the coagulation process and
appearance of conglomerates.

With increase in the concentration of acid to 0.3%, increase in the carbon formation is observed.
Since the acid can cause increase in the fuel acidity, the acid was evaluated in accordance with GOST, and
the content of existent resins in the upper part of the fuel that settled for 30 minutes was measured.
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Figure 2 shows the dependence of the change in the fuel characteristics at different concentrations of
the added acid.

&% E =rE0VI00est

g 0
£ 3
é a0 2 LI
B 50 B : 1} 5
Eﬁ S 4 ——— e k4
% E a0 P—-{"ﬁq‘ o 3
B 20 02
4]

10 al 1

o |

ol 02 03 04 Yormpampames HaT0y » vormes
Figure 2 — Change in the fuel characteristics under the sulfuric acid attack

It was established that sulfuric acid allows remove resins from the fuel (Curve 2, Figure 2), however,
the value (S) of the sulfur content increases and the acidity (K) of the fuel increases, which is a negative
fact.

The content of existent resins (Curve 2, Figure 2) is most actively reduced when the acid
concentration in the fuel is 0.1-0.2%, increase in the percentage concentration to 0.5 does not lead to
significant resin reduction in the fuel.

Water-miscible calcined soda was used for consideration as alkali coagulants. The mixing
concentration was 5:1, 3:1, and 1:1. It is noted that when mixing 5 and 3 parts of soda with 1 part of water,
100% dissolution of soda in water is not achieved. When mixing soda with water in proportions 1:1, a
good solubility was noted (more than 80%), in accordance with which further research was carried out
with the aqueous solution of 1:1, and the percentage of the aqueous alkali solution to the fuel was taken
0.5:1; 1.5 mass %.

The fuel mixed with the aqueous alkali solution was heated to a temperature of 100°C and then the
temperature was kept for 0.5-1 hours with constant mixing.

The evaluation of coagulating ability was carried out under a microscope.

Figure 3 shows micrographs of the fuel samples with different concentrations of alkali water.

a) 0.5% b) 1% c) 1.5%

Figure 3 - Micrographs of the diesel fuel samples after the alkali water addition

Analysis of the research results presented in Figure 3 shows that the alkali water at the concentration
of its addition into the fuel a) 0.5%; b) 1%; c) 1.5% practically does not have a coagulative effect on the
impurities dissolved in the fuel.
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If consider the fuel as an ultra-dispersed system with dissolved in it heavy hydrocarbon fractions,
sulfur compounds of oil, etc., then the stability of this system can be greatly changed by adding small
amounts of electrolytes into it. In lyophobic systems, the addition of electrolytes greatly increases the rate
of coagulation. Based on the well-known theoretical laws of coagulation processes, as well as the research
results on destabilization of dispersed systems of lubricating oils, the well-known substance — carbamide,
which is a mineral fertilizer used in agricultural production, was used to study the coagulating ability of
the impurities dissolved in the fuel.

The practical research on the evaluation of the coagulating ability of the dissolved impurities in the
diesel fuel under the aqueous carbamide solution attack was carried out on a fuel with the existent resin
content of 60 mg/100 cm’ selected on the oil store of one of the agricultural enterprises of West
Kazakhstan region and a fuel stored in one of the commercial oil stores in the city of Uralsk of the
Republic of Kazakhstan with the content of existent resins of more than 70 mg/100 cm’.

Analyzing the research results, let’s note that carbamide is able to aggregate the impurities dissolved
in the fuel. With increase in the concentration of the added solution with respect to the fuel, the
coagulation of particles increases, and in the process of sedimentation as the concentration of the
separating agent increases, a layer of recrystallized carbamide is formed. Figure 4 shows fragments of
micrographs of the fuel samples when the aqueous carbamide solutions are added into it.

a) at the concentration of 0.1% b) at the concentration of 0.5% c) at the concentration 0f2%

Figure 4 - Micrographs of the fuel samples (the city of Uralsk, Kazakhstan) when the aqueous carbamide solutions
are added into it. Tg,e = 90°C, the time of sedimentation t = 90 min

The research found that the optimal concentration of the added 50% carbamide solution is 0.1-0.5% at
the temperature t = 90-100°C. The optimal time of sedimentation is 60-90 min.

The research evaluated the change in the content of the existent resins in the fuel during the aqueous
carbamide solution attack on it (Figure 5).

It should be noted that the content of the existent resins (Figure 5) in the fuel, depending on the
concentration of the added aqueous carbamide solution, reduces. However, when it is increased by more
than 0.5%, the change in the resin content occurs slightly.

In addition, the content of the existent resins in the fuel after the acid attack on it changed to the value
of 25-30 mg/100 cm’. However, the acid increases the fuel acidity, and the carbamide reduces it by 40-
45%.

In this regard, the research was carried out on the combined reagent compositions. In particular, the
possibility of adding the combinations was considered:

1. 0.1% acid + (50%) 0.5% carbamide solution.

2.0.1% acid + 0.5% alkali water.

The change in the fuel acidity and the content of the existent resins depending on the duration of
sedimentation of different agent combinations is presented in Figure 5.

— 4) ——
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Figure 5 - Pattern of the change in the acidity and the content of the existent resins
in the fuel depending on the duration of sedimentation (T,qg4ii0n = 90°C) at different combinations
of coagulant compositions: 1, 1'- acid + carbamide solution; 2, 2"- acid + alkali

As is seen from Figure 6, the combination of the sulfuric acid and the aqueous carbamide solution
when added to the diesel fuel allows reduce the content of the existent resins in it from 60 mg/100 cm’ to
35 mg/100 cm’, while the fuel acidity 1, 2" reduces from 3 mg KOH/100 cm® to 2 mg KOH/100 cm’.
Compared with the attack on the fuel only with the acid, the content of the existent resins in the fuel with
the addition of the combined composition reduced almost the same, but the acidity did not increase, but
vice versa — decreased.

Conclusions.Considering the combination “sulfuric acid — alkali”, let’s note that adding 0.1% acid
and 0.5% alkali water to the fuel does not allow so much, compared to the first combination, reduce the
content of the existent resins, but it helps significantly reduce the fuel acidity. This fact is most likely due
to the effect of neutralizing the acid with the alkali.

Analyzing the research results, it can be concluded that among the considered agents, the greatest
coagulation effect of the dissolved impurities in the fuel is achieved when it interacts with the aqueous
carbamide solution, and the addition of the small amount of sulfuric acid activates the process.
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JIA3EJBJI OTBIHJIAPIBIH TAWJTAJTAHYIIBUIBIK KACUETTEPIH KOII®YHKITAUOHAJIJIBI
KOCHAJIAPIBI KOCA OTBIPBIII ’KOFAPBUIATY

AnHoOTanusi: Makanana JAu3enbdi OTHIHAA epireH Iaiblp MEH TOTBIFY OHIMIEPiH IpUICHIIPY VIIiH
KaoTYJIIHTTapJblH KacueTiH Oaranay OOHBbIHIIA 3epTTey Marepuanjgapbl KenripiireH. KyKipT KbIIIKbUIBIHA
YIIBIpaFraHHaH KeWiH OTBIH YATLIEpiHIH MHUKpocyperTepi Kenripiared. CinTiiik OThIHFa acepiH Oaranay OoMHbIHIIA
Oara Oepinmmi >koHE 3epTTey HOTIKenepi kenripinmi. OTbIHFa KapOaMupa Ccy epiTiHIICIMEH OTBIHFa ocep eTyi
HOTIDKECIHIE OWM3eNb OTHIHBIHIA IC JKY3IHOE epireH MmaipIpiIapAblH arperarupiey MYMKIHAIT aHBIKTaJIbL.
PearenTrepaiH KocapiaHFaH KypamIapblHa acalblHFAH 3epTTey HOTIKeIepi KeNTipinai. ¢y epiTiHzici kapOoHaThHI
MEH KYKIPT KBIIIKBIIBI KOMOWHAIMACHIH IU3EIbIIK OTBIHFA KOCKaH Ke3le HAaKThl LIafbIlp KypaMblH €Ki ece
TOMEHJIETYTe MYMKIHIIK Oepeli, OHBIH YCTiHE OTBIHHBIH KBIIIKBUIABIFE 13 %-Fa TOMEHICHTIHIH aBTOp aTall ©Tesi.
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Conpaii-ak, Makaiaga KoaryJISHTTHIK KOMITO3UIMSIIAPABIH TYPJi KOMOWHANMSIIAPBIHIA IOTiHAUIEPIiH Y3aKTHIFbIHAH
OTBIHAAFbl HAKTHl HIAHBIPIAD KYPaMbIHBIH ©3repy 3aHAbUIBIKTaphl KepceTiireH. JKypriziireH 3eprreyiepiaiH
HOTIDKEINIEpiHe COlKeC, KapaCThIPhUIFaH areHTTEeP/iH IIIH/E epiTUIreH KOCTalapIslH KYHAIpY Ke3iH/Ie KbIIIKbUIIaHy
YZEpICIHIH €H YJIKeH ocepi OHBIH KaoTYJISLUs MEH KYKIPT KbIIIKbUIBIHBIH Cy €pITIHIICIMEH ©3apa dpeKeTTecyiMeH
’KY3ere achIpbUIAThIHbI OPHATHUIIBI.

Tyiiin ce3aep: An3enbIiK OThIH, MAWBIPIAP, KOATYISIHMS, HHU3NKA-XUMHIIBIK KOPCETKIIITED, KYKIPT KBIIIKBLIbI,
clITi, KapOaMu, TYHIBIPY, )KOUBLITY.
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HOBBIIIEHUE SKCILTYATAIIMOHHBIX CBOMCTB JU3EJbHBIX TOILINB
C IOBABJIEHUEM MHOTI'O®YHKIIMOHAJILHOM ITPUCAJIKUA

AnHoTanusi. B craThe mnpesicTaBiIeHbl Marepuallbl MCCIENOBAaHMN 110 OIIGHKE CBOMCTBA KOATyJSIHTOB IS
YKPYITHCHUS. PAaCTBOPEHHBIX B JHU3EIHHOM TOILTHBE CMOJ U MPOJIYKTOB OKUCIeHUs. [IpuBeaeHsl MUKpodoTorpadhuu
npo0 TOIUIMB TOCIE BO3ACHUCTBUS HA HUX CEPHOW KHUCIOTOH. JlaHa OIGHKAa W TPECTABICHBI PE3YJIETATHI
HCCIICIOBAHMIA ITO BO3JICHCTBHIO HA TOIUIMBO IMIEIOYbI0. B pe3ynpTare BO3JACHCTBUS Ha TOILUTUBO BOJAHBIM PACTBOPOM
KapbaMuia yCcTaHOBJIEHA CIIOCOOHOCTh arperaTupOBaHMs MPAKTHYECKA PACTBOPCHHBIX B AU3EILHOM TOIUIMBE CMOJL
[MpuBeneHbl pe3yybTaThl HUCCICNOBAHUN KOMOWHHPOBAHHBIX COCTABOB pEAareHTOB. ABTOpP OTMEYaeT, YTO
KOMOHMHAIMS CEpHOM KHCIOTHI M BOJHOTO PAacTBOpa KapOamuma mnpu J00aBICHHH WX K JW3EIbHOMY TOILTUBY
MO3BOJISIET B JIBA pa3a CHU3UTH colepKaHHe (PAKTUUECKHX CMOJI, IPU 3TOM KHCJIOTHOCTh TOILUIMBA CHMXKAETCS Ha
13%. Taxxe B CTaThe BBISBIAIOTCA 3aKOHOMEPHOCTH M3MEHEHHMH COAEp)KaHUS (PAKTHYECKHX CMOJI B TOIUTUBE OT
MPOJIOSDKUTENBHOCTH OTCTAWBAHMUS TIPU PA3IMYHBIX KOMOMHAIMSIX COCTABOB KOAryisiHTOB. [lo pe3ysibraram ananmza
MPOBEJCHHBIX HCCIIEIOBAaHMI YCTAHOBJIEHO, YTO CPEIM PAacCMOTPEHHBIX areHTOB HamOoublIWil 3G dekT npouecca
KoaryJisinuu paCTBOpéHHbIX anMeceﬁ B TOIVIMBEC AOCTUIacTCsA IpHU B3aMMO[leI710TBMPI €ro ¢ BOJAHBIM PACTBOPOM
KapbaMuia ¥ CepHOI KUCIIOTHI.

KiroueBble clIoBa: IU3EIBHOE TOIUIMBO, CMOIBI, KOATYJISIHS, (PU3UKO-XMMUYECKHE IIOKA3aTelld, CepHas
KHCJIOTa, MIeJI09b, KapOaMul, OTCTauBaHUE, YIaJICHHE.
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PHYSICAL-CHEMICAL AND COLLOID-MECHANICAL METHODS OF
RESEARCH OF MODIFIED POLYMER REAGENTS OF THE M-PAA
SERIES AND THEIR APPLICATION FOR OBTAINING OF OINTMENT

Abstract. This article discusses the surface, bulk and structural properties of polymers. It was determined that
the limit value ¢ for M-PAA (MEA) and M-PAA (PV) is established faster than for individual solutions. It has been
established that in polymers viscosity and electrical conductivity increase with increasing concentration, i.e. M-PAA
(MEA) and M-PAA (PV) are polyfunctional polyelectrolytes, polymers M-PAA (MEA) and M-PAA (PV) are
thermostable. For the study a complex of physicochemical methods were used: potentiometry, spectroturbidimetry,
conductometry, viscometry, IR spectroscopy, elemental analysis, thermogravimetry, measurement of surface tension
by the Wilhelm method.

Key words: modified polymers, M-PAA (MEA), M-PAA (PV), IR spectra, thermal stability.

Introduction

The preparation of new polymer reagents from their synthesis in the laboratory to their industrial
production as an ointment is relatively long and expensive process. Therefore, the most promising and
justified way is to expand the range of polymer reagents by modifying the already known base samples
[1]. In the [2] work authors synthesized a serial of amino-modified PAN fibers by the reaction of PAN
fiber with TETA in the presence of water. The weight and alkali content, namely, amino grafting degree,
would be improved by prolonging reaction time and increasing reaction temperature.

2 Experimental part

2.1 Preparation of solutions

For deposition, a 1% polymer solution and a 0.15% hydrochloric acid solution were prepared. With
constant stirring, a solution of hydrochloric acid was added to a 1% polymer solution; as a result, the pH
dropped to 4 and a gel-like polymer precipitated out, which was washed 3 times with water. Dioxane was
precipitated. In this case, the remnants of the starting products were dissolved in dioxane, and the polymer
precipitated in the form of a gel. The precipitated, washed samples were dried in a vacuum desiccator.
Dialysis of a 1% polymer solution was carried out in a celluloid packet, periodically changing the water
(within 1-2 days). Next, the precipitated dialyzed samples were dried in a vacuum oven T = 40-450 °C for
8-10 hours. To determine the composition of the polymers, thermal analyzes were performed.

2.2 Research Methods

IR spectroscopy and electron microscopy analyzes.

The IR spectra of polymers were interpreted according to the guidelines [3]. The analysis was carried
out on an IR-20 spectrometer (in vaseline oil in the range of 700-4000 m™).

Device: FTIR-spectrometer Shimadzu IR Prestige-21 with prefixed disturbed total internal reflection
(ATR) Miracle from Pike Technologies.
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Thermogravimetric studies of the polymers were carried out on a derivatogaf in an atmosphere of air
at a rate of temperature rise up to 450 °C per minute, and a sample weight of 150 mg.

For a quantitative comparison of the thermal stability of the polymers under study, the activation
energies of destruction were calculated [4].

The viscosity of solutions of polyelectrolytes was measured in a viscometer of the Ubbelohde type
[5], with a hanging level. For viscometric studies, re-precipitated and thoroughly dried polymers were
used.

The viscometer was placed in a thermostat, the temperature was maintained with an accuracy of +
0.01°C.

The concentration of the solution after dilution was calculated by the formula:

gVi—lOOP./ ciVi

= —Pi/Py=—r, (1
V(Vi+Vj) Vi+Vj

where g is the polymer weight, g;

V is the volume of the volumetric flask, ml;

V; is the volume of the solution filled in viscometers, ml;

V; is the volume of the added solvent, ml;

P; / Py is the solvent density ratio.

The calculation of the relative n_ (rel.) Specific n (spec), The reduced n_ (red.) Viscosities was
carried out according to the following formulas:

Ti

Nyel. = a; (2

Nspec = Nret." (3)
Nspec.

Nred. = z; 4)

The characteristic viscosity (1) was found from the graphical dependence n.qs (C) by extrapolating
the straight lines to zero polymer concentration [6].

Measurement of the surface tension was carried out according to the method of Wilhelmy.

When determining the surface tension of the solutions by the method of Wilhelmi, the immersion
force of the plates in the liquid was continuously measured. The magnitude of this force depends on the
wetting of the measuring plate with liquid.

In the present work, a polished glass plate was used as a measuring plate, as well as made from a
plate.

The calculation was carried out as follows:

__ btshd

"~ 2(14b)’ )

p-weight plate, g; s- cross-sectional area, cm; 1 is the width of the plate, cm; -b is plate thickness (-), cm;
h-immersion depth, cm; d-density of the measured liquid, g / cm; g-acceleration of gravity.

The surface tension was measured with a thermostatically controlled glass cell with a lid at a
temperature of 25 °C; the temperature was kept constant using an -2 ultra thermostat with an accuracy of
+/- 0.02. The reading of the values of P_x was carried out using toroidal weights of the type VT-500 with
an accuracy of +/-1 mg.

The pH of polymer solutions was measured on a pH-340 potentiometer with an accuracy of +/- 0.05.
The pH in a thermostatically controlled cell, in which the temperature was maintained with an accuracy of
25 +/- 0.01. Further, the formula determined the conductivity (y):

a

X = o0 (6)




News of the Academy of sciences of the Republic of Kazakhstan

where - a is the cell constant: o= 0.000147m-1cm-1, at T =250

Turbidity was determined on a calorimeter of the type FEK-56 with o = 434Nm. Solutions of the
corresponding fractions of polymers were used as reference solutions.

3 Results and discussions

The study of the structural properties of the polymers M-PAA (MEA), M-PAA (PV).

The IR spectra of polymers, whose interpretation was carried out according to the guidelines [7],
contain absorption bands in the range of 3200-3500 cm™, which can be attributed to hydroxyl groups of an
alcoholic nature, both free and hydrogen bonded. Bands with frequencies of 1405-1410 and also 1610-
1630 cm™ characterize the presence of -NO,, -COO™ groups. According to some authors [8], the
pictogroup included in the core contributes to the stability of the first to destruction.

Absorption bands in the range of 16001630 cm ~' can be attributed to skeletal vibrations of -C = C —
bonds, rather distinct bands of stretching vibrations — CH * groups are observed in the short-wave part of
the spectra (2940-2970) cm ~'. Characteristic for -CH groups are peaks at frequencies of 780790 cm ~ ',
and a maximum at a frequency of 1370 cm ' can be attributed to deformational vibrations of —CH groups.
In the spectrum of the studied samples, new bands are noted at frequencies of 1480 and 1690 cm™, which

can be identified as -COONH, and - (CO),NH (Figure 1-5) [9].

Mo.| Pesk | mntensity | O | Base() [ Base(w) [ Area | Corr.area
1 63285 | 74183 1.297 918.12 821.08 22198 0.248
2| 1045.42 | s0.603 0123 1049.28 92157 4167 0.009
3 [ 11187184806 264 1153.43 1049.28 6.068 1.085
2 |1176.58 | B7.184 1502 122287 1157 29 3605 0232
S 1319.31 | 82.898 5.154 1368.46 122673 8.205 1.527
3 1404.18 | 80.802 441 1427.32 1373.32 4292 0.851
7 | 145047 81298 5208 148133 123118 3602 0579
8 | 155463 |77.284 3312 1570.06 148519 6197 0.371
g 1608.63 | 72.370 2803 1624.06 1573.91 6.372 0.457
10 1851.07 | 63.238 9.981 1782.94 1827 .92 10148 1.958
11_| 1867.09 | 99.142 0180 187481 185552 0.063 0.006
12_| 1890.24 | 99.270 0.062 1897.95 187867 0.058 0.002
13| 1967.39 99.298 0.075 1978.97 195582 0.066 0.003
14 1890.54 | 98.279 0.083 2002.11 1882 .82 0.056 0.003
15 2044.54 | 98.323 0.027 2048.40 203297 0.044 0.001
16| 2067.69 | 99.286 0.025 2071.55 2056.12 0.047 0.001
17_|2137.13|99.128 0.036 2148.70 207155 0269 0.008
18_| 2160.27 | 99.108 0.020 2218.14 2156 42 0235 0.005
18 2314.58 | 88.102 0.261 2337.72 2279.86 0.201 0.034
20 2380.16 | 98.328 0.164 2391.73 238473 0.088 0.012
| 21 _| 279293 | 98.027 0160 2812.21 2580.76 1207 0.039
] 22 | 285079 | 96.833 0.361 2862.36 2816.07 0.500 0.017
23| 2924.08 | 93759 2771 2881.85 288165 23213 0653
24 3190.26 | 84.800 4278 3248.13 288581 11.820 2.002
OOR M MY BN N9 N0 NN T NN MM LN N0 B DN KS M0 UM 1N M% W 9 &) 25 |3336.85|85753 4188 355874 328198 14788 2613
FITR Mepement l=

Figure 1 - The main polymer PAA (Polyacrylamide) powder

No.| Peak | Intensity Inf:;;'ny Base(H) | Base(l) | Area | Corr.Area

T |e0179 |s2895 0543 51336 59793 | 4136 0.039

2 |e4808 52950 | 057 B5580 61722 10380 | 0147

3 101070 (85408 |0.473 105313 |9es2T |35 005

4 |109171]67389  |0.285 112257 108389 | 2190 0.020

5 |113429 (8764  |0.228 119201 | 114572 | 2582 0.020

5 |124216 (6772|0447 125759 121515 | 2382 0.013

7 |140032|79.0%  |6419 144661 126145 | 14420 | 2561

3 |1ss463 (76817 |56%2 155163 | 147747 | 8689 0,950

9 | 164335 72667 | 11637 |184008 | 158549 | 17400 | 4074

\ 0 |192110| 95075 |0.025 19249 190567 | 0419 2.000

27 i T | 212170 (93828 |1.364 %087 192882 10007 |1483

2 T2 |259233|95873 00N %19 |2%53 | 0562 0.001

T3 |334457 (61128 |35473  |374180  |250004 | 10448 |82

b T4 |393093 (97308 |0.083 393864 391550 | 0272 0.003
o NN M0 NS DR SR N0 NS W N9 M D9 L0 1N 10 BN 1IN0 LS 0 NS W N &
FTIR Mensrenent em

Figure 2 - MEA-PAA 1, colorless, viscous, non-flowing solution
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:; __HN\\H No.| Peak| Intensity Inf:;;ny Base (H) | Base (L) Area | Corr. Area
m ] 1 |6017|53.358 0428 61722 557.93 5136 0.014
= 2 |6480]52773 1816 101070 |621.08 63232 1628
3 3| 1068, 38,052 0328 114572 | 105313 | 4884 0.054
LE 4 | 1176 | 86.831 0285 120358 | 114857 | 2743 0.041
1 5 | 140481358 1931 144275 120744 | 14997 1218
ki 6 | 145485743 0506 146590 | 184661 | 1279 0.040
R \ 7 |1ss8| 77707 5328 158163 |148133 | 8291 1029
E 8 | 164772870 12.862 176294 | 158549 | 15317 1731
= 9 | 1890, 84218 0.087 189795 | 137867 | 0493 0.004
: 10| 1921, 34,090 0169 192882 |190181 | 0700 0.010
- 11| 1967 93.962 0.068 197125 195196 | 0513 0.002
1 12 | 1990, 33,763 0.0% 199825 197511 | 0634 0.003
L 13| 2113 92,936 0.082 212556 200211 |3743 0.069
e ¥ 14| 2330, 93,866 0.054 233387 229529 |1.089 0.005
k2 it 15| 3329, 59.424 01477 333298 | 255761 | 6BAIE 1253
- = 16| 3352 59.358 1186 370333 |334071 | 47856 2637
= 17| 3988|9108 0022 400035 398493 |0285 0.001
o ﬂ He HO NN N0 D% W NN M IV N MY 100 BN N0 N 0 NN W W @
FIT Aot lm

Figure 3 - MEA-PAA 2, yellowish, viscous, non-flowing solution

51 No. | Peak | Intensity mfe“"';'ny Base (H) | Base (L} Area Corr. Area
Wt 017 [57618 =3 51536 Se753 2565 eSS
E. 644.2 | 51.623 0.947 659.66 617.22 11.923 0.192
- 1022 | 86.192 0.221 1045.28 1014.56 2205 0.026
: 4 1068. | 86.598 0.383 1095.57 1053.13 2608 0.043
b 1172 | 87.397 0524 1203.58 1149.57 3.001 0.071
i k_‘ 1327. | 81.407 0.zee 1330.88 1218.01 7480 0.027
K i 1357. | 80.352 0214 1381.74 134531 1428 0.007
] 200 | 74240 6.423 144275 1369.46 7.899 7078
1 1554, | 69.800 10.598 1589.34 1481.33 12,115 2.573
i | 1651, | 70.748 13.029 1724.36 1583.20 12411 #5854
2 1867. | 94.105 0.485 1874.81 1855.52 0.484 0.018
1 1590 [ 04.432 0158 129795 27867 0471 0.007
4 1921 94.303 0.264 1928.82 1801.81 0.669 0.018
ﬂ‘..‘" 1967, | 94.251 0121 1875.11 1951.96 0.580 0.004
| 1990. | 94.113 0.169 1998.25 1978.97 0.496 0.006
- | 16| 2017, | 93.991 0.098 2025.26 2002.11 0612 0.004
1 2044 | 53241 0.040 2048 .40 2025.26 0.629 0.002
L 2067 | 93.664 c.038 Z071.55 2048.40 0648 0.002
1 086, |oz.548 0.025 2050.34 207155 0551 0.000
1 20 2121 93.469 0.017 2125.56 2098.55 0.788 0.002
o : 21 2137 [ 93.453 0.022 2142370 212556 0679 0.001
P 32 | z160 |o3.e57 0.020 228372 315642 3408 0.024
s | 23 2330. (93.412 0.291 2345.44 2287.58 1.597 0.046
: 24 2350. | 93.064 0710 248817 2349.30 3205 0044
e | 25 | 2954 [86.586 0.077 2958.80 2519.03 14179 0.003

| 26 3352. | 60.780 29.214 3660.89 2962.66 100.821 67.430

2 27 3734. | 95.268 0.426 3741.90 3718.76 0.448 0.018
| 28 3919. | 96.507 0.278 3534.78 3%11.64 0.307 0.018
29 | 3988 [97.368 0.024 4000.38 3984.93 0.178 0.001

L] 30}0 NG W0 NS NN NG DM ONO 0 N DN LS L0 169 190 L% DN MO M 9 &0
FT8: Mesurment lem

Figure 4 - PAA-H,0,, colorless, viscous, weakly flowing solution

W 3 No.| Peak | Intensity Inf:“';“ Base (H} | Base (L} Area Corr. Area
4 ] 1 64308 | 52.165 0.967 659 66 621.08 10 644 0243
e 2 | 1os0.s | s33s 0107 1130.28 1053.13 2081 0.038

] 3 | 117658 easez 0.224 1203.58 1148.57 2812 0.031
n_: 4 1400.32 | 78.327 7148 144861 1207 .44 17.382 2824
- 5 | 15se.48 | 77.486 5.480 158163 1431.33 5491 1124
o3 & | 1eatrs | 71775 0.765 1635.64 158549 5818 0.016
il | 7 1867.09 | 93.871 0.462 1874 81 185552 0.506 007
NE & | 1890.24 | 94165 RS 1897.95 187867 0.495 0.008
E 3 | 1921.10  sa022 0.256 1928.82 190181 0.704 0.016
3 10 1967.39 | 93.947 0.105 197125 1951 96 0.512 0.003
L 11| 1990.54 | 93.723 0181 1998.25 197811 0.634 0.008
] 12_|2017.54 93548 0,080 202526 200211 .658 0.003
N_: 13 2113.98 | 92.906 0.058 212170 202526 2970 0.042
1 14| 2137.13 | 9z2.008 0.081 2279.86 212556 2682 0.068
2 15 |2321.58 [ 91.890 0.281 238524 228392 1,983 0.065
E 16 2360.87 | 91.136 1.344 252675 234930 4516 0.085
L i 17| 2829.22 | 92473 0.267 2846.93 285761 7.479 0.024
3 [ 18| 2808.65 | s0.507 0.308 291637 2850.79 2568 0.094
#4 19 333299 | 58.421 0.598 334071 2916.37 62.493 5.256
3 20 | 335228 | 52406 1.192 386475 334071 22513 ERES)
L TRITIE T | 21_| 3988.79 95.811 0.032 2000.36 338493 0.288 0.002
B V9 M0 Y N NN N0 N9 M0 DR O IV 1IN0 1R 10 MY D0 LN DN e W N ﬁ'ﬂl
I e ™

Figure 5 - PAA-H,0,, yellowish, viscous, non-flowing solution

Thus, the IR spectra of the studied samples contain: -NO,, -COOH, - (CO),NH, -CONH,, -OH
groups.

The stability of the obtained polymer to thermo-oxidative degradation was studied on a derivatograph
of the Paulik-Paulik-Erdey system using the method of “dynamical thermogravimetry”. The heating rate is
6 deg/min., The interval is 293-870 K. (Table 1).
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Table 1 - Characteristics of thermal stability of polymers M-PAA (MEA), M-PAA (PV), K-9

Polymer T E, xj/ mol Weight loss Initial weight, kg-10""
M-PAA (MEA) 698,4 96,2 315 552,6
K-9 670,7 78,7 49,8 552,3
M-PAA (PV) 7034 94,3 39,4 550,8

From the data in the table it can be seen that the weight loss in thermogravimetry K-9 is 48.3%, and
the polymer M-PAA (MEA) obtained on its basis is 30%, which is 1.5 times less. The weight loss of the
polymer M-PAA compared with K-9 is also lower. In addition, the temperature of the onset of active
decomposition in new samples increases markedly compared with the baseline ones. Thus, a qualitative
assessment of the thermal stability of the process is obtained.

A quantitative comparison of the thermal stability of the samples under study will allow the
calculation of the activation energy of destruction [3].

So, for thermo-oxidative destruction of K-9, 78.5 kJ / mol is required, while for the destruction of the
polymer M-PAA (PV) - 85.3 kJ / mol, polymer M-PAA (MEA) - 84.1 kJ / mole. This gives grounds to
attribute them to thermostable polymers [7].

Conclusion. Summarizing the above, we can draw the following conclusions:

a) Surface properties:

- The limiting value of o for M-PAA (MEA) and M-PAA (PV) is established faster than for
individual solutions;

- adsorption in these polymers is mainly determined by the diffusion of the macromolecule;

¢) Bulk properties:

- in the polymers, with increasing concentration, viscosity and electrical conductivity increases, i.e.
M-PAA (MEA) and M-PAA (PV) are polyfunctional polyelectrolytes.

¢) Structural properties:

- polymers M-PAA (MEA) and M-PAA (PV) are thermostable;

- IR spectra of samples contain -NO,, -COOH, -CN, —SO;Na,—0OH,

-CONH,, groups.

OO0K 541.18
H.O. )lmalmrlﬁelconal, J.C. Ememcoz, A.H. l/lcaeBal, E.O. )lmalmrlﬁelconl, A.B. Uca'

1 M.Oye3oB ateiaaarsl OHTYCTiIK Kasakcran memiekeTTik yauBepcureTi, LllsmvkenT, Kasakcran;
2 Benopycust MEMJIEKETTIK TEXHUKAIBIK YHUBEpCUTETI, bemopycus

M-PAA CEPHSIJIBI MOJU®HULIMPJIEHTEH TOJIMMEPJI PEATEHTTEP/IIH ®W3UKA-
XUMHUSUIBIK JKOHE KOJIOMATHI-MEXAHUKAJBIK OJICTEPMEH 3EPTTEY KOHE OJIAP/IbI
MA3BJIEPII AJYJA KOJIAHY

Annotanusi. byn makanana monmumMepiepaiH OCTTIK, KOJIEMAIK XOHE KYPBUIBIMIBIK KAacHETTepl KapacThIPbI-
manel. M-PAA (MEA) xome M-PAA (PV) mexti MoHI jkeke epiTiHIimepre KaparaHnua Te3ipeK OpHBIFaTHIHBI
aHBIKTAIIBL. KOHIIEHTpaMsIapBIHBIH apTybIHAa OalTaHBICTHI IOJTMMEPIIEPIiH TYTKBIPIBIFEI MEH JCKTPOTKI3TIINTIT]
apTaTelHBl aHBIKTAAB, sFHH M-PAA (MEA) m M-PAA (PV) momudyHKIMHANAB TOJIMIICKTPOIUTTEP OOIBIT
tabputagsl, M-PAA (MEA) u M-PAA (PV) mommmepnepi Tepmoctabmibai 0oisin TaObuiagbl. 3epTTey YIIiH
(U3MKa-XMMHMSIBIK ~ ONICTEP  JKMBIHTBIFBI  NAMJajdaHBUIABL  HOTEHIHUOMETPHs,  CIIEKTPOTYpOUIUMETpHS,
KOHAYKTOMETpusi, BUcko3umerpus, WK-crmexTpockommus, 37MeMEHTTIK aHanu3, TepMOTpaBUMETpUs, Buibreasmu
oiciMeH OCTTIK KepiTy i eIiey.

Tyiiin ce3nep: mMoaudunupnenren nonmmepnep, M-PAA (MEA), M-PAA (PV), UK cnekrpuepi, xbuty
TYPaKTBUIBIFbI
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VJIK 541.18

H.O. )Imalmrlﬁelconal, J.C. EIIIeHKOZ, A.H. l/lcaeBal, E.O.)lmalmrlﬁelconl, A.B. Uca'
1 ¥Oxno-Kazaxcranckuil rocynapcTBeHHbIN yHUBepcuTeT, LlIsiMkenT, Kasaxcran
2 benopycckuii rocy1apcTBEHHBIN TEXHUYECKUH YHUBEPCUTET, bemopycus

ON3NKO-XUMHNYECKHUE U KOJUVIONJTHO-MEXAHUYECKHUE METOAbI UCCJIIEJOBAHUSA
MOINPUIIUPOBAHHBIX IIOJIMMEPHBIX PEA'EHTOB CEPUN M-PAA
N X NTIPUMEHEHUME /UL TIOJTYYEHUSI MA3EU

AnHoTtanusi. B naHHOH cTarhe paccMaTpHBalOTCS ITOBEPXHOCTHBIE, OOBEMHBIE M CTPYKTYPHBIE CBOMCTBa
noauMepoB. beo onpezneneno, uro npenensHoe 3HaueHue 6 it M-PAA (MEA) u M-PAA (PV) ycranasiuBaercs
ObIcTpee, yeM ISl OTHACNBHBIX PAacTBOPOB. YCTaHOBICHO, YTO B IOJMMEpPAX BSA3KOCTb M JIEKTPOIPOBOIHOCTH
YBEJIMYMBAIOTCS C yBENWYEeHHEM KoHIeHTpamuu, To ectb M-PAA (MEA) m M-PAA (PV) sBmaroorcs momn-
(hYHKIIMOHATFHBIMHU TTONHANIEKTposuTamu, nonnmepsl M-PAA (MEA) u M-PAA (PV) sBistorcss TepMocTaOmib-
HBIMH. 1)1 McclieoBaHUS UCIIOJIB30BAIM KOMIUIEKC (PU3HKO-XMMHYECKHX METOIOB: OTEHIMOMETPHS, CIIEKTPOTYP-
OuauMeTpust, KOHAYKTOMETpusi, BUCKo3uMmeTpus, VIK-criekTpockonusi, 3IE€MEHTHBIN aHallu3, TEpPMOTIPABUMETpPHS,
M3MEPEHUE TOBEPXHOCTHOTO HATSKEHUS] METOAOM Brutbrensmu.

KaroueBble cioBa: momuduuupoBanueie monumepbl, M-IIAA (MDA), M-IIAA (IIB), HK-cnexrpsl,
TEPMOCTAOUIIBHOCTb.
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DETERMINATION OF CHEMICAL STRUCTURE OF
CYCLOLEHMANOSIDE A FROM ASTRAGALUS LEHMANNIANUS

Abstract. In the present work, the determination of chemical structure of the novel cycloartane glycoside,
cyclolehmanoside A is given. Determination of chemical structure was carried out by using of chemical reaction
(acidic hydrolysis) and spectral methods (1D and 2D NMR spectroscopy). Novel cycloartane glycoside,
cyclolehmanoside A was isolated from aerial parts of Astragalus Lehmannianus Bunge (Leguminosae) by column
chromatography on silica, and its chemical structure was established as 3-O-f-D-xylopyranoside, 6,16-di-O-3-D-
glucopyranoside-24S-cycloartane-3f3,6a,160,24,25-pentaol.

Keywords: Astragalus Lehmannianus Bunge, Leguminosae, cycloartane triterpenoids, cyclolehmanoside A,
cyclocanthogenin, 'H, °C, DEPT NMR spectra, HMBC.

Introduction. Investigation of isolation methods and structural determination of biological active
substances from different medicinal plants has great importance for creation of modern high effective
natural medicines [1].

Cycloartane line triterpenoidal compounds, cycloartanes are wide spread in plants. At present it is
known, that cycloartanes have perspective biological activities. Therefore, investigation of cycloartanes
has theoretical and practical value. Cycloartanes were first discovered in astragalus plants. Astragalus
plants are good sources of these biological active substances. More 200 cycloartanes have been isolated
from the plants of this genus [2]. About 239 astragalus species grow in Uzbekistan [3]. There are 307
species in Kazakhstan [4,5]. Twelve species of astragalus — Astragalus alopecias, A. contortuplicatus, A.
filicaulis, A. flexus, A. floccosifolius, A. frigidus, A. glycyphyllus, A. onobrychis, A. sieversianus, A.
tribuloides, A. ugamicus, A. uliginosus growing in Kazakhstan are used in folk medicine [6]. Roots of
Astragalus membranaceus are used as diuretic, as gastric and intestinal means, for treating of spleen
diseases, during metabolic derangements in Chinese, Korean and Tibetan medicines. It has been
determined, that cycloartane glycoside, askendoside D isolated from Astragalus taschkendicus has
positive action to regulation of heart function and myocardium. Cyclosiversioside F from Astragalus
sieversianus has hypotensive, anti-inflammatory actions, sedative, analgesic and antitumor activities
[2,4,7,8].

The aim of our investigation is determination of chemical structure of the cycloartane glycoside,
cyclolehmanoside A isolated from the aerial parts of Astragalus Lehmannianus Bunge, growing in
Karakalpakstan.

Astragalus Lehmannianus Bunge grows in the Middle Asia (Kyzylkum, Karakum), Kyzyl-Orda
region, Near Aral sea regions. The plant is good eaten by cattle.

Materials and methods. Astragalus Lehmannianus Bunge was collected from Karakalpakstan
(Sultanuzdag) in May 2007.

Plates with silica (0.005-0.043 mm) containing 10% of plaster and plates Silufol UV-254 (Czechia)
were used. Column chromatography was carried out on silica 0.1-0.08 and 0.16-0.1 mm. Cycloartanes
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were detected by spraying of 20% methanol solution of phosphotungstic acid following heating at 120°C
during 5-10 min. Paper chromatography was conducted on «FN-11» using solvent system n-BuOH-
CsHsN-H,O (6:4:3). Monosaccharides were detected by spraying of aniline phthalate following heating at
110°C.

Next solvent systems were used for elution of the column and for thin layer chromatography (TLC):

1) chloroform-MeOH (9:1);

2) chloroform-MeOH (6:1);

3) chloroform-MeOH-H,O (70:12:1);

4) chloroform-MeOH-H,0 (70:28:3);

5) chloroform-MeOH-H,0 (60:35:5).

NMR spectrum were obtained on UNITYplus 400 (Varian) in CD;0OD. >C NMR spectrum were
obtained at full suppression of C-H interaction and at the DEPT conditions.

Air dried aerial parts of the plant (1.2 kg) were exhaustive extracted with methanol (MeOH). The
obtained MeOH extract was evaporated until thick condition and added twice volume of water. The
obtained water solution was treated at first with chloroform, after with n-BuOH. n-BuOH extract was
evaporated and obtained dry residue (68 g) was chromatographed on silica column using solvent systems
4 and 5 for elution. Compound 1 (75 mg) was isolated from n-BuOH extract.

Acidic hydrolysis of compound 1 (Fig.1). Compound 1 (35 mg) was dissolved in 10 ml of MeOH
containing 0.5% sulfuric acid and boiled in water bath during 1 hour. Then the reaction mixture was
diluted with 20 ml of water and MeOH was evaporated. Laid down precipitate was filtered, washed with
water and dried. Filtrate was neutralized with barium carbonate. After neutralization in the filtrate D-
xylose and D-glucose were detected by using of paper chromatography method in comparison with
standard substances. The obtained precipitate was set to the chromatographic column and eluated with
system 1. Genin 2 was isolated in the result of the column chromatography. Genin 2 was identified as
cyclocanthogenin by comparing with standard substance on TLC and on basis of '"H NMR data.

"H NMR data of cyclocanthogenin (400 MHz, CsDsN): 0.34 and 0.62 (2H-19, d, 2J=4), 1.05 (CH3, s),
1.11 (CH;5-21, d), 1.38, 1.44, 1.49, 1.90, 1.90 (5xCHj, s), 3.67 (H-3, dd), 3.94 (H-24, dd), 4.74 (H-6, td),
4.76 (H-16, td) (Table 1).

Results and discussion.

The '"H NMR spectrum of the compound 1 showed signals due to cyclopropane methylene at 50.58
and 0.35 (each 1H, d, J=4Hz) and signals of methyl groups at & 0.99-1.29. These data indicate that the
compound 1 is triterpenoid of cycloartane line (Table 1) [8,9].

Acidic hydrolysis of the compound 1 gives genin 2 identified with cyclocanthogenin [1,7,8]. D-xylose
and D-glucose were detected in carbohydrate part of the hydrolysate by using of paper chromatography
method in comparison with standard substances (Fig.1).

OH

Ht
OH CH,OH OH
0) OH
OH H
OH e
OH 1 2
OH

Figure 1 - Acidic hydrolysis of compound 1




News of the Academy of sciences of the Republic of Kazakhstan

Table 1 —'H, *C NMR and DEPT data of cyclolehmanoside A (1) (CD;0D, 8, J/Hz, 0-TMS)

and cyclocanthogenin (2) (CsDsN, 6, J/T', 0-TMS)

Atom C DEPT bc ! on 62(;
1 CH, 31.36 1.29, 1.60 32.54
2 CH, 30.42 1.72,1.98 31.17
3 CH 90.22 3.24 78.10
4 C 42.13 - 42.18
5 CH 53.10 1.68 53.73
6 CH 78.21 3.59 68.04
7 CH, 34.40 1.65, 1.95 38.33
8 CH 46.11 1.90 46.94
9 C 21.13 - 21.02
10 C 30.11 - 29.71
11 CH, 26.29 1.37,1.94 26.17
12 CH, 33.27 32.95
13 C 46.66 - 45.47
14 C 47.49 - 46.67
15 CH, 47.94 1.40,2.13 48.16
16 CH 82.23 71.75
17 CH 58.23 57.11
18 CH; 18.59 1.15 18.03
19 CH, 27.55 0.35u0.58 29.09
20 CH 30.03 28.44
21 CH; 17.85 1.0 18.77
22 CH, 36.82 32.81
23 CH, 29.90 27.67
24 CH 78.59 76.99
25 C 72.59 - 72.88
26 CH; 25.55 1.18 25.48
27 CH; 26.20 1.21 26.07
28 CH;, 19.66 0.99 19.93
29 CH; 28.41 1.29 29.34
30 CH;, 16.80 1.05 15.87
B-D-Xylp
1 CH 106.51 4.42
2 CH 75.12 3.24
3 CH 77.55 3.33
4 CH 71.83 3.50
5 CH, 67.33 3.21,3.85
B-D-Glcp
1 CH 104.78 4.48
2 CH 76.43 3.26
3 CH 78.04 3.37
4 CH 71.32 3.31
5 CH 77.55 3.27
6 CH, 62.80 3.69, 3.85
B-D-Glcp
1 CH 105.05 4.65
2 CH 76.43 3.29
3 CH 77.90 3.43
4 CH 71.83 3.35
5 CH 77.05 3.36
6 CH, 62.80 3.69, 3.85

— 50 ——
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In '"H NMR spectrum anomeric protons of monosaccharide residues of the compound 1 are observed
at & 4.42 (H-1 of B-D-xylopyranose), & 4.48 and & 4.65 (H-1 of B-D-glucopyranoses) *J=7.4, *J=7.8 and
’J=7.9 Hz accordingly. So, monosaccharide residues in the glycoside 1 have pyranose form, “C;-
conformation and [-configuration. This conclusion is confirmed by values of chemical shifts of
carbohydrate residue carbon atoms in *C NMR spectrum of 1 (Table 1).

Comparative analysis of ?C NMR spectra of compound 1 and genin 2 showed that carbon atoms C-3,
C-6 and C-16 have glycosidation shifts resonating at § 90.22., 6 78.21 and 82.23 accordingly.

Anomeric carbon atoms of monosaccharide residues resonate at & 106.51 (C-1 of B-D-xylopyranose),
5 104.78 and & 105.05 (C-1 of B-D-glucopyranose) in the >*C NMR spectrum of the compound 1. Value of
chemical shifts of anomeric carbon atoms indicate, that D-xylose residue linked at C-3, and two D-glucose
residues linked at C-6 and C-16 of genin.

In HMBC spectrum of 1 correlation peaks between H-1" of D-xylose (8 4.42) and C-3 of aglycon (8
90.22), H-1 of D-glucose (& 4.48) and C-6 aglycon (5 78.21), H-1" of D-glucose (5 4.65) and C-16
aglycon (8 82.23) are observed.

Thereby, fully analysis of the spectral data allow us to make conclusion, that isolated compound 1 is
cycloartane glycoside having novel chemical structure 3-O-B-D-xylopyranoside,6,16-di-O-B-D-
glucopyranoside-24S-cycloartane-3f3,60,16f3,24,25-pentaol.

A.A.KanuGexos', T.X.HayﬁeeBZ, H.III.Pama3zanos’, K.I[)lc.quepﬁaeB3

'OP FA Ocimaik 3aTnapeiHbIH XMMUACH! HHCTUTYTHI, TalIkeHT, O36eKCTaH;
*Kapakanmak MeMIeKeTTiK yausepcureTi, Hexic, Kapakanmakcran;
3 «Onrycrik-Kazakcran menuimaa akagemusice» AK, IlIsiMkenT, Kazakcran

ASTRAGALUS LEHMANNIANUS OCIMAITTHEH BOJIIIT AJIBIHFAH
HNUKJIIOJEXMAHO3UJ A XUMUSAJIBIK KYPBIJIBIMBIH AHBIKTAY

AnnoTtanusi. Ochl KYMBICTa JKaHa [UKJIOAPTaH TJIMKO3U/1, IIMKIOIEXMaHO3U A —HBIH XUMISUIBIK KYPBUIBIMBIH
aHbIKTay OepinreH. XUMUSUIBIK KYPBUIBIM XUMHSIIBIK peakiusl (KbIIIKBUIABIK THIPOJIN3) )KOHE CIIEKTPalbIi daicTep
(bipemmemmi >xkoHe ekiemmemai SAMP crnekrpockonws) KemeriMeH aHBIKTAIIbL. JKaHa NUKIOApTaH TIUKO3MII,
OUKIONEeXMaHO3un A Astragalus Lehmannianus Bunge (Leguminosae) eciMAiriHiH xep YCTi OedirineH
CHIIMKarenbae OaraHalbsl Xpomartorpadus omiciMeH Oellil albIHABl KOHE OHBIH XUMHISIBIK KYpbUIBIMEI 3-O-B-D-
KCHJIOMTUPAHO3H]I, 6,16-nu-O-B-D-raroxonmpano3ua-24S-uuknoapras-3,6a, 16p,24,25-nearaon eKeHIr1
AHBIKTAJIIBL.

Tyitin  ce3mep: Astragalus Lehmannianus Bunge, Leguminosae, UMKIOapTaH TPUTEPIICHOHUIbI,
LMKIIoIexMano3u A, nukinokanrorenus, 'H, °C, DEPT SIMP cnextp, HMBC.

A.A.Kanu6exos', T.X.Hay6ees’, H.IIl.Pama3zanos', K.[:x.Kyuep6aes®

]I/IHCTI/ITyT XUMHU pacTUTENBHBIX BemecTB AH PY3, TamkenT, Y30ekucran;
*Kapaxanmaxckuii [ocyaapcTeennsiii yaupepeuter, Hykyc, Kapakanmakcras;
3AO «IOxH0-KazaxcTanckas MeIUIAHCKAs akagemus», llIeiMkent, Kazaxcran

OINNPEAEJEHUE XUMHNYECKOI'O CTPOEHUS HUKJ/IOJIEXMAHO3UIA A
N3 ASTRAGALUS LEHMANNIANUS

AnHoTammsi. B Hacrosmeld paGoTe NPUBOXUTCS ONPEAEIEHHE XHMHYECKOIO CTPOSHUS HOBOTO
LUKJIOAPTAHOBOTO TJIMKO3WAa, LHKIojJIexMaHoduaa A. OmnpeneneHne XMMHYECKOTO CTPOCHHUSI MPOBOAWIICS HpPHU
MOMOLIM XMMHUYECKOW peakuuu (KUCIOTHBIN TMAPONIN3) U CHEKTPaJIbHBIMU MeTogaMu (OJHOMEpHas U JAByMEpHas
SIMP cnekrpockonus). HoBbIil IIMKIOAPTaHOBBIA TJIMKO3M[, IMKJIOIEXMAHO3UI A ObUI BBIIENIEH M3 HaJI3€MHON
yactu Astragalus Lehmannianus Bunge (Leguminosae) KOJIOHOYHOM Xpomarorpaduedl Ha CHJIMKareie, a ero
XMMHYECKOE CTpPOeHHE YycTaHOBIeH Kak 3-O-B-D-kcunonmpanosun, 6,16-n1u-O-B-D-rimoxonupanosna-24S-
nukioaprad-3p3,6a,16,24,25-nenraod.

KaroueBble cnoBa: Astragalus Lehmannianus Bunge, Leguminosae, IHUKIOAapTaHOBBIE TPUTEPICHOMIB,
IUKIIONeXMaHo3u 1 A, muknokantorenus, 'H, °C, DEPT IMP cnekrp, HMBC.
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COMPARATIVE ANALYSIS OF THE NONPOLAR FRACTION
OF THE AERIAL AND UNDERGROUND PARTS OF THE LIMONIUM
GMELINII PLANTS BY THE GC-MS METHOD

Abstract. This article discusses the chemical composition of the non-polar fraction obtained from the aerial and
underground parts of Limonium gmelinii (Willd.) harvested in the Almaty region in 2018. Extracts were obtained by
the method of solvent extraction with hexane and studied by means of chromato-mass spectrometry on a gas
chromatograph with a mass-selective detector.

As a result, 22 compounds were isolated from the aerial part of Limonium gmelinii plant, out of which
dominating both quantitatively and qualitatively are hydrocarbons, such as genicosane and eicosane and tricosane;
quinoline and phytol derivatives were isolated as well. High content of phytol acetate related to derivatives of acyclic
diterpene alcohols has been revealed. In addition, the higher alcohol 3,7,11,15-tetramethyl-2-hexadecan-1-ol has
been identified.

Analysis of the non-polar extract obtained from the roots of Limonium gmelinii allowed us to isolate 14
compounds, out of which the major share in the amount belongs to the esters of higher carboxylic acids and
hydrocarbons. Esters are represented as ethyl esters of hexadecanoic, oleic and linoleic acids with prevalence of
polyene acids in them. Among the hydrocarbons, tridecane, tetradecane, heptadecane, octadecane and tetracosane are
the most abundant.

Keywords: Limonium gmelinii, non-polar fraction, GC-MS, chemical composition.

Introduction

Limonium is a widespread plant genus with about 300 species present on the territory of Central and
Western Asia. On the territory of CIS, 35 Limonium species have been identified. Usually it is
accommodated on coniferous soils and dry mountain ranges, mainly in the south-eastern part of Europe,
Caucasus, and Central Asia. In Kazakhstan, out of 18 species the most significant and productive is
Limonium gmelinii (Willd.). The area of its distribution includes major part of Kazakhstan, Western and
Eastern Siberia, European part of Russia, Central Asia, Southeastern Europe, Western China and
Mongolia. Currently, the roots and the aerial parts of L.gmelinii plants have been introduced into the
medicine and State Pharmacopoeia of the Republic of Kazakhstan, harmonized with the European
Pharmacopoeia [1-8]; with effective drugs obtained and standardized on the basis of its roots [9-12].

The purpose of this work is a comparative analysis of the chemical composition of hexane extracts
obtained from the aerial and underground parts of L.gmelinii plants, in order to establish their effect on the
biological activity of the studied extracts.

Methods
Extracts from the aerial and underground parts of L.gmelinii plants were obtained by the method
presented below:
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A weighed amount of pre-treated, dried and crushed vegetable raw materials, according to their
quality indicators, corresponding to the requirements of the State Pharmacopoeia of the Republic of
Kazakhstan, weighing 10 g, was extracted with hexane at a ratio of 1:5 for 48 hours. The extract obtained
was filtered and concentrated to 10 ml. The resulting total non-polar extract was studied on a gas
chromatograph with a mass selective detector model Agilent 7890N/ 5973N (Agilent Technologies, USA).
At the same time, the volume of the gas phase to be taken equals 1.00 pl; the sample introduction
temperature is 250°C without division of the flow. Separation was performed using a DB-35 MS
chromatographic capillary column with a length of 30 m, an inner diameter of 0.25 mm and a film
thickness of 0.25 pum at a constant carrier gas (helium) rate of 1 ml/min. The temperature of
chromatography was programmed from 40°C to 200°C with a heating rate of 10°C/min.

The software Agilent MSD ChemStation, version 1701EA) was used to control the gas
chromatography system, record and process the obtained results and data. Data processing included
determination of retention times, peak areas, as well as processing of spectral information obtained using a
mass spectrometric detector. The Wiley 7" edition and NIST’02 libraries were used to decipher the mass
spectra obtained (the total number of spectra in the libraries exceeds 550,000 items).

Results and discussion
As a result of studying the hexane fraction obtained from the aerial part of plants of the Limonium
gmelinii species, 22 compounds were identified, most of which belong to the class of hydrocarbons (Table

1 and Figure 1).

Table 1 — Research data by GC-MS of the aerial part of Limonium gmelinii plant species

No. Retention time, min Name of compound Content %
1 8.05 Dodecane 0.20
2 9.52 Tridecane 0.50
3 10.91 Tetradecane 1.21
4 11.54 Dodecane, 2,6,10-trimethyl- 0.60
5 12.23 Pentadecane 2.44
6 12.91 Dichloroacetic acid tridecyl ester 0.57
7 13.49 Hexadecane 3.50
8 13.88 1,2-dihydro-2,2,4-trimethyl Quinoline 0.72
9 14.48 2,6,10,14-tetramethyl-Pentadecane 1.16
10 14.68 Heptadecane 3.14
11 15.35 1-Decanol, 2-hexyl 0.36
12 15.,69 Tetracontan 1.29
13 15.81 Octadecane 2.71
14 16.45 Phytol acetate 12.88
15 16.99 Nonadecan 2.80
16 17.07 3,7,11,15-Tetramethyl-2-hexadecan-1-ol 5.17
17 17.20 2-Pentadecanone 6,10,14-trimethyl 2.46
18 18.48 Eicosane 1.93
19 20.47 Genicosan 7.82

20 22.53 1,2-Benzenedicarboxylic acid, butyl 2-ethylhexyl ester 0.35

21 22.87 Phytol 0.75

22 27.16 Tricosane 47.44
Total 100.00
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As can be seen from the data presented in Table 1, the tricosane hydrocarbon (47.44%) dominates in
the obtained hexane extract from the aerial part of the plants Limonium gmelinii. A high content of phytol
acetate (12.88%) related to derivatives of acyclic diterpene alcohols has been established, in addition, the
highest alcohol 3,7,11,15-tetramethyl-2-hexadecan-1-ol, detected in the amount of 5.17%, has been
identified.
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Figure 1 — GC-MS chromatogram of the aerial part of the plant species Limonium gmelinii

As can be seen from the data presented in Figure 1, the largest peaks are observed at 16.45 minutes
and 27.16 minutes, which advises the extracts that are dominant in the extract, phytol acetate and
tricosane, the other compounds are found in significant concentrations such as 3,7,11,15-tetramethyl-2-
hexadecan-1-ol, genicosan, hexadecane are also clearly marked on the chart.

From the literature sources it is known that the underground parts of plants, as a rule, contain a
relatively small amount of non-polar compounds, since the latter, phytol, in particular, are involved in the
process of biosynthesis at the stage of photosynthesis and predominate in chloroplasts. The accumulation
of other non-polar and weakly polar compounds, such as hydrocarbons, is more characteristic of the aerial
parts of plants, while in the underground parts of plants, respectively, water-soluble carbohydrates and
polyphenols dominate [13-23].

In the underground part of the studied plants, 14 compounds were identified (Table 2 and Figure 2).

Table 2 — Research data by GC-MS of the roots of plants of the Limonium gmelinii species

No. Retention time, min Name of compound Content, %
1 6.53 Undecane 0.94
2 8.05 Dodecane 2.66
3 9.52 Tridecan 4.07
4 10.91 Tetradecane 4.15
5 10.99 7-Tetradecene, (Z) 0.89
6 12.23 9-methylheptadecane 3.22
7 13.49 Heptadecane 7.62
8 13.83 Phenol, 2,4-bis (1,1-dimethylethyl) - 1.72
9 13.88 Quinoline, 1,2-dihydro-2,2 4-trimethyl- 4.18
10 15.69 Tetracosan 343
11 15.81 Octadecane 5.26
12 19.78 Hexadecanoic acid ethyl ester 24.51
13 25.40 Oleic acid ethyl ester 11.16
14 25.78 Ethyl linoleic ester 26.19

Total 100.00
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It was established on table 2 that the distinctive feature of the hexane extract of the roots of the
studied plants is the predominance of esters of higher carboxylic acids in the amount of 61.86% and
hydrocarbons — 32.24%.

The esters are represented as ethyl esters of hexadecanoic, oleic and linoleic acids, with the
predominance of polyene acids (60.38%) in them, of which hexadecanoic acid ethyl ester and linoleic acid
ethyl ester are the most abundant.
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Figure 2 — GC-MS chromatogram of the roots of the plant species Limonium gmelinii

From the data presented in Figure 2, it can be seen that most of the dominant in the non-polar fraction
of the roots of the plant Limonium gmelinii substances, namely Hexadecanoic acid ethyl ester, Oleic acid
ethyl ester and Ethyl linoleic ester, belong to the class of organic esters is allocated at the final stages of
analysis. The quinoline and phenol derivatives stand out between 1 and 5 minutes of the process. Most of
the analysis recorded various compounds belonging to the class of hydrocarbons.

Conclusion

As a result, it was established that in the hexane extract obtained from the aerial part of the plant
Limonium gmelinii, the dominant groups of substances are hydrocarbons among which the tridecane,
tetradecane, heptadecane, octadecane and tetracosane dominate, 76.09%. Also in hexane extract obtained
from the aerial part of the plant Limonium gmelinii was identified derivatives of phytol and quinoline.

The hexane extract obtained from the roots of the plant Limonium gmelinii is dominated by fatty acid
esters whose total content is 61.86% in contrast to the aerial part of the plant. In addition, a significant
amount of quinoline derivatives was found in the hexane extract from the roots of the plant Limonium
gmelinii, while in the aerial part of the plant it is represented in trace amounts.

The obtained data can be used to improve the processing of the roots and the aerial parts of the plant
Limonium gmelinii with the aim of obtaining drugs on its basis.
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On-Dapabu aTeiHIaFE Ka3ak YITTHIK YHHBEPCHTETI
OM3UKO-XUMUSITBIK 9IICTEP aHAIN31 OPTAIBIFBI
Kazakcran Pecrrybmmxacer, 050012, Anmars! K., Kapacaii 6ateipa k., 95a,

LIMONIUM GMELINII ©OCIMAITTHIH KEPYCTI ’)KOHE KEPACTbI BOJIKTEPIHIH
MMOJIAAPCBI3 ®PAKIUSIAPBIHBIH GC-MS 9AICIMEH CAJIBICTBIPMAJIbI AHAJIN3I

AnHoranus. byn makamaga 2018 x. Aynmatsl oOnbIChIHAA eHaenreH Limonium gmelinii (Willd,) (xepmex
I'mMenmHa) eCIMAITiHIH JKEpacThl JKOHE >KepYCTi OOJIKTEepiHEeH albIHFaH IIOJISIPCHI3 (ppaKuusuIapablH XUMHSIBIK
KYpaMbl KapacThIPhUIAIbl. DKCTPAKTTAP T€KCAHMEH CYWBIK 3KCTPAKIHSIIAY OMICIMEH AallbIHBIN, MAacCC-CEIEKTUBTI
JIETEKTOPJIIbI ra3 XxpoMaTorpad)ta XpoMaTro-Macce CrieKTpOMETPHS apKbIJIbl 3ePTTEI L.

Hormxecinne Limonium gmelinii eCIMIITiHIH >XepycTi OemiriHeH 22 KOCBUIBIC, OHBIH INIHIE CATANBIK KOHE
CaHJIBIK TYPFBIIaH KOMIPCYTEKTEp T'€HUKO3aH, YMKO3aH XKOHE TPUKO3aH 0AChIM, COHBIMEH KaTap XUHOJIUH MeH (HUTOI
TYBIHABUIAPEI O6iHAl. ATMKIAI TUTEPICH CIIUPTTEP TYBIHABUIAPBIHBIH KYPaMbl KOFaphl eKCHAIT1 aHBIKTAIIBI, O1aH
6enexk 3,7,11,15-terpameTni-2-rekcaaekan 1 -0J1 ;KOFapFbl CIUPTI MACHTU(DUKAMSIIAHIBI.

Limonium gmelinii TaMpIpbIHAH aJIBIHFAH MOJISIPCHI3 IKCTPAKTTAp aHanu3i 14 KOChUIbIC eIl almyFa MYMKIH/IIK
Oepxi, onapbIH HEeri3ri canabIK OeJIiriH KOFaprbl KapOOH KBIIKBULAAPBIHBIH d(uiIepi MeH KOMIpCYTEeKTep Kypaiibl.
Kypaeni asdupnep nosjueH KbIIIKBUIBIHBIH OaChIMIBIFBIMEH JIMHOJb, OJIEUH TEKCaJIeKaH KBIIKbUIAAPBIHBIH 3THI
adupiepi KyiiHae yCbiHbUIFaH. KemipcyTekTep IlmHAE KO KE3[ISCETiHI TPUACKaH, TETPajcKaH, IelTalcKaH,
OKTajIeKaH MEH TeTPAaKO3aH.

Tyiiin ce3aep: Limonium gmelinii, mossipceI3 gppaxums, XpoMaTo-Macce ClieKTPOMETHPHS, XUMHUSUIBIK KYpaM.

YK 547.99
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Kazaxckuil HallMOHANIBHBIH YHUBEPCUTET UMEHH allb-Dapadu
Lentp GU3MKO-XMMUYECKUX METOIOB aHAIIN3a
Pecnyonuka Kasaxcran, 050012, r. Anmarsr, yin.Kapacaii 6ateipa, 95a,

CPABHI/IT@JILHLII?I AHAJIU3 HE}'IOJI}IPHOFI ®PAKIIMH HAJIBEMHOM
U MNOA3EMHOM YACTEM PACTEHUM LIMONIUM GMELINII METOAOM GC-MS

AnHoTauus. B maHHOH cTaThe paccMaTpUBaeTCS XUMHUYECKAN COCTaB HEMOJSIPHON (paKIuy, MOTYICHHOW U3
HA/J3eMHOM W TOA3eMHOI dacteil pacteHus Limonium gmelinii (Willd.) (kepmex I'Menmna), 3aroTOBIIEHHOTO B
AnmartuHCckor obmacti B 2018 romy. DKCTpakThl OBUTH IONTYYEHBI METOAOM JKHAKOCTHON 3KCTPAKIIMU T€KCAaHOM U
U3y4eHbl IIOCPEACTBOM XpPOMATO-Macc CHEKTPOMETPHH Ha Ta30BOM Xpomarorpade ¢ Macc-CeIeKTHBHBIM
JIETEKTOPOM.

B pesynbraTe ucciemnoBaHus U3 HAA3EMHON 4yacTu pacTeHus Limonium gmelinii ObLIO BBIICIECHO 22 COEIU-
HCHUS, JOMUHHUPYIONIUMU U3 KOTOPLIX, KaK B KOJIMYCCTBCHHOM, TaK U B KAYE€CTBECHHOM ILIAHE, ABJIAIOTCA YIJICBOOO-
POZBI, TaKMe Kak T'€HMKO3aH M 3WKO3aH M TPUKO3aH; TaKke ObUIM BBIJEIICHBI NMPOM3BOAHBIE XMHOJIMHA U (HUTOIIA.
YCTaHOBIEHO BBICOKOE COJEpKAHHE IPOM3BOAHBIX AIMKINYECKHX JUTEPIIEHOBBIX CIHPTOB, IOMHUMO 3TOTO
naeHTnUIMpoBaH Beicmid crimpt 3,7,11,15-Terpamernin-2-rekcanexan!-oi.

AHanu3 HEeTMOIAPHOTO IKCTPAKTA, TOYIEHHOTO U3 KOpHEU Limonium gmelinii mo3Bonni BeIIenuTs 14 coemu-
HEHUi; U3 HUX OCHOBHYIO JIOJIIO B KOJIMYECTBE COCTABISIOT 3()MPHI BHICIINX KapOOHOBBIX KHCIIOT U YTJIEBOJOPO/IBL.
CrnoxHble 3(pUpBI IPEACTaBICHB B ()OPME ATHIOBBIX d(PHPOB IeKCaIEKaHOBOM, OJIEMHOBOW M JIMHOJEBON KUCIOT C
npeoOnafganueM B HHUX 3(GHUPOB IOJMEHOBBIX KHCIOT. Cpeau yrieBOZOpOAOB B HAaHUOOJBIIEM KONUYECTBE IIPH-
CYTCTBYIOT TPHJICKaH, TeTpa/ieKaH, IenTaeKaH, OKTaIeKaH U TETPAKOo3aH.

KaroueBbie ciioBa: Limonium gmelinii, HermonsipHast Gpakiys, XpoMaTo-Macc CHEKTPOMETPHS, XUMUYECKHUit
COCTaB.

REFERENCES

[1] Bajtenov MS (2001) Flora Kazahstana: rodovoj kompleks flory v 2-h t. Almaty: Gylym. ISBN 9965-07-036-9 (in
Russ).
[2] Kukenov MK (1999) Botanicheskoe resursovedenie Kazahstana. Almaty: Gylym. ISBN: 5-628-02318-3 (in Russ).




News of the Academy of sciences of the Republic of Kazakhstan

Sokolov PD (1984). Rastitel'nye resursy SSSR. L.: Nauka. ISBN 5-02-026723-6 (in Russ).

Komarov VL (1952) Flora SSSR. M.: AN SSSR. ISBN 978-5-458-42425-7 (in Russ).

Pavlov NI (1961) Flora Kazahstana — Alma-Ata: Nauka. T. VII. S. 79-80. ISBN 978-5-4458-5989-5 (in Russ).

[6] Grudzinskaja LM, Gemedzhieva NG (2012) Spisok lekarstvennyh rastenij Kazahstana. Almaty. ISBN 978-601-
80248-6-3 (in Russ).

[71 Gosudarstvennaja farmakopeja Respubliki Kazahstan. T.1. (2008). Almaty: Izdatel'ckij dom “Zhibek zholy”. ISBN
9965-759-97-98 (in Russ).

[8] European Pharmacopoeia. 9th ed. (2018) Strasbourg. ISBN 978-3-7692-6815-7.

[9] Korul’kina LM., Zhusupova GE., Shul'ts EE., Erzhanov KB. (2004), Fatty-acid composition of two Limonium plant
species, Chemistry of natural compounds, 40: 417-419. DOI: 10.1007/s10600-005-0002-5.

[10] Korul’kina LM, Shul'ts EE, Zhusupova GE, Abilov ZhA, Erzhanov KB, Chaudri MI (2004) Biologically active
compounds from L. gmelinii and L. popovii. I, Chemistry of natural compounds, 40: 465-468. DOI: 10.1007/s10600-005-0012-3.

[11] Zhusupova GE, Abil'’kaeva SA (2006) Flavanes from Limonium gmelinii. II, Chemistry of natural compounds, 42:
112-113. DOI: 10.1007/s10600-006-0052-3.

[12] Zhusupova GE (2009) Medical University Bulletin [Vestnik Medicinskogo Universiteta] 1: 105-112. (in Russian).

[13] Jakushkina NI, Bahtenko EJ (2004) Fiziologija rastenij. Moskva. ISBN 5-691-01353-H.

[14] Zeiger E, Moller IM, Murphy A, Taiz L (2018) Plant Physiology and Development. — 6 rev.ed. — Oxford University
Press Inc. ISBN: 9781605357454.

[15] Gadetskaya AV, Tarawneh AH, Zhusupova GE, Gemejiyeva NG, Cantrell CL, Cutler SJ, Ross SA (2015) Sulfated
phenolic compounds from Limonium caspium: Isolation, structural elucidation, and biological evaluation. Fitoterapia, 104, 80-85.
DOI: 10.1016/j.fitote.2015.05.017.

[16] Stankovic SM, Petrovi M, Godjevac D, Stevanovi ZD (2015) Screening inland halophytes from the central Balkan for
their antioxidant activity in relation to total phenolic compounds and flavonoids: Are there any prospective medicinal plants? J
arid env 120: 26-32. DOI: 10.1016/j.jaridenv.2015.04.008.

[17] Rozentsvet OA, Nesterov VN, Bogdanova ES (2014) Membrane-forming lipids of wild halophytes growing under the
conditions of Prieltonie of South Russia, Phytochem 105: 37-42. DOI: 10.1016/j.phytochem.2014.05.007.

[18] Akhani H, Malekmohammadi M, Mahdavi P, Gharibiyan A, Chase MW (2013) Phylogenetics of the Irano-Turanian
taxa of Limonium (Plumbaginaceae) based on ITS nrDNA sequences and leaf anatomy provides evidence for species delimitation
and relationships of lineages. Bot. J. Linn. Soc. 171: 519-550. DOI: 10.1111/boj.12015.

[19] Gancedoa NN, Medeirosa D, Milaneze-Gutierreb MA, Mello JP (2018) Morpho-anatomical characters of Limonium
brasiliense leaves Revista Brasileira de Farmacognosia 28: 513-519 DOI: 10.1016/j.bjp.2018.05.014.

[20] Lin LC, Chou CJ (2000) Flavonoids and phenolics from Limonium sinense. Planta Medica. 66: 382-383. DOI:
10.1055/5-2000-8547.

[21] Komekbay Zh. N., Halmenova Z. B., Umbetova A. K., Bisenbay A.G (2018) Phytochemical analysis and
development of production of biologically active complex on the basis of raw Melissa officinalis 1. News of NAS RK. Series of
chemistry and technology 427: 53 — 58 https://doi.org/10.32014/2018.2518-1491.

[22] Umbetova A.K., Slan G.O., Omarova A.T., Burasheva G.Sh., Abidkulova K. T. (2018) The study of chemical
composition of atraphaxis virgata from the almaty region. News of NAS RK. Series of chemistry and technology 428: 52 — 55
https://doi.org/10.32014/2018.2518-1491.

[23] Utegenova L.A., Nurlybekova A.K., Aisa H., Jenis J. (2018) Liposoluble constituents of fritillaria pallidiflora. News
of NAS RK. Series of chemistry and technology 432: 156 — 162 https://doi.org/10.32014/2018.2518-1491.38.

—r——
—_—

3
4
5
6




ISSN 2224-5286 2.2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2019.2518-1491.20
Volume 2, Number 434 (2019), 61 — 65

S.A.Dzhumadullayeva', A.B.Bayeshov’

1Khoj a Akhmet Yassawi Kazakh-Turkish International University, Turkistan, Kazakhstan;
“Institute of Fuel, catalysis and electrochemistry of D.V.Sokolsky,Almaty, Kazakhstan
E-mail: sveta.jumadullayeva@ayu.edu.kz bayeshov@mail.ru

STUDY OF THE CATALYTIC REACTION OF HYDRAZINOLYSIS
OF ALIPHATIC CARBOXYLIC ACIDS

Abstract. In this work, the reaction of hydrazinolysis of aliphatic carboxylic acid in the presence of an ionite
catalyst is considered for the first time. The experiments were made in the static conditions. Previously, the
corresponding butyl ether was obtained from the butyric acid, which in interaction with hydrazine formed a
hydrazide. The influence of various factors (quantity of hydrazine hydrate, catalyst, butyl alcohol, temperature,
reaction duration) on the formation of butyric acid hydrazide was studied. It reveals optimum conditions of synthesis
under which the most hydrazide yield made 68%. As a result, the IR spectroscopic researches of the mechanism of
hydrazinolysis reaction of the butyl ester of butyric acid with active centers of sulphonic cation-exchange. It is shown
that the reaction proceeds with the formation of transition complexes on the surface of the cation exchange resin. The
practical value of this work is to develop an effective method of butyric acid hydrazide preparation.

Keywords: butyric acid, hydrazinolysis, hydrazine, hydrazide, catalyst.

Aliphatic carboxylic acid hydrazides and their derivatives are widely used in medical practice, in
various sectors of the national economy [1]. For example, 3- hydroxyl- 4,4,4-trichloro butyric acid
hydrazide has been proposed for use as a biologically active compound.

There are various methods of obtaining hydrazides of aliphatic acids. For example, the most
promising way to produce hydrazides is the hydrazinolysis of esters, mainly methyl or ethyl esters of the
corresponding carboxylic acids, when heated in a solvent medium. For example, 3 - hydroxy-4,4,4-
trichlorobutyric acid hydrazide is obtained in an alcohol medium by the reaction of B- trichloromethyl - -
propiolactone with hydrazine hydrate [2].

In addition, methods are known based on the thermal decomposition of carboxylic acid salts with
hydrazine [3]. The main patterns that appear when aliphatic carboxylic acids are heated with hydrazine
hydrate are generally known and are depicted by the scheme:

N H,+H,0

)
2 t
2RCOOH [2ZRCOOH N,H, -H,0] 1=

t
2RCONHNH, + 4H,0 —2>RCONHNHCOR. + N, H,

1 2
- N—N
6, I
— R-C C-E
N
O
3

The disadvantage of these methods is that, especially when using acids with radicals R> C;H5, along
with the main product (1), are obtained incommensurate amounts of impurities - 1,2-diacylhydrazines (2)
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and cyclic compounds (3). The yield of the main product is increased, in particular, by azeotropic
distillation of water. There is also known a method for producing hydrazides by thermal decomposition of
RCONHNH; - N,Hj, salts (where R = pyrid-4-yl, Ph or lower alkyl) by reacting carboxylic acid (CA) and
hydrazine hydrate (HH) with a ratio CA: HH = 1: (1.2 -1.4), in the presence of a catalyst (Al,O;, sulfonic
cation exchanger) with azeotropic distillation of water [4]. The method is suitable only for lower
carboxylic and aromatic acids. Also known is a method of producing hydrazides by thermal
decomposition of salts of carboxylic acids with hydrazine hydrate, including mixing carboxylic acid and
hydrazine hydrate in a molar ratio of CA: HH = 1: 1.2, heating under reflux in the presence of butanol,
active aluminum oxide and benzene, distilling water as an azeotrope at a temperature of 95 °C for 2-8
hours, filtering the melt of the reaction mixture, crystallization, washing and drying the product in vacuum
[5]- The yield of hydrazides is 80-95%.

The disadvantage of this method is that it is suitable for obtaining only hydrazides of lower
carboxylic aliphatic acids with the radicals R = CHjs, i-C3H;. In addition, this method uses solvents that
deteriorate the organoleptic properties of the product, which requires additional purification of the target
product.

At present, the synthesis of carboxylic acids and their derivatives using heterogeneous catalysts -
ionites is the most promising method. In this regard, the synthesis of practically important aliphatic
hydrazides in the presence of heterogeneous catalysts is an important task.

The purpose of this study is to investigate the hydrazinolysis of butyl ester in the presence of the
sulfonic acid cation exchanger KU-2-8 in the H-form.

Experimental part

Experiments are carried out in static conditions. In a three-neck round-bottom flask with a capacity of
250 ml, equipped with a reflux condenser, 1 g (0.011 mol) of butyric acid, 0.5 g (0.005 mol) of sulfuric
acid, 0.9 g (0.012 mol) of butyl alcohol are introduced. The reaction mixture is heated at 90 ° C for 3
hours. Upon completion of the reaction, the mixture is cooled and neutralized with 50 ml of 5% sodium
hydrogen carbonate solution. The ether layer is separated and distilled. The butyric acid butyl ester
obtained, with a boiling point of 165-166 ° C, is used to further obtaining the corresponding hydrazide.

In a three-neck round-bottom flask with a capacity of 250 ml, equipped with a mechanical stirrer, a
thermometer and a reflux condenser, 1 g (0.007 mol) of butyl butyric ester, 0.6 g (0.012 mol) of hydrazine
hydrate, 0.67 g of cation exchanger KU-2-8 in H -form, 0.6 g (0.008 mol) of butyl alcohol are introduced.
The reaction mixture is heated on a water bath, stirring for 3 hours at a temperature of 80°C. After this
time, the mixture is cooled and the cation exchanger is filtered off from the liquid part, washed with 1 ml
of butyl alcohol. The alcohol is distilled off from the solution, the remaining solid residue is dried at 30°C.
The analysis of butyric acid hydrazide is carried out by the photocolorimetric method. The melting point
of hydrazide is 46-49°C. The IR spectra of the starting materials and reaction products are taken on
"Impact 410" spectrometer (USA).

Results and their discussion

Butyric acid butyl ester is synthesized by reacting butyric acid and butyl alcohol in the presence of
concentrated sulfuric acid.

CH;CH,CH,COOH+C,HyOH—CH;CH,CH,COOC4Hy+H,0
The optimal reaction conditions for the esterification of butyric acid are the mass ratio of butyric acid:
butyl alcohol: sulfuric acid 1: 0.9: 0.5, temperature of 90°C, 3 hours of reaction time. The yield of butyric
ester was 70% of the theoretical.

The IR spectrum, boiling point, and the refractive index of butyl acid butyl ester correspond to those
of a standard substance. The resulting ester was used to synthesize butyric acid hydrazide.

Butyric acid butyl ester hydrazinolysis was investigated in the presence of cation exchanger KU-2-8
in the H-form.

KU-2-8

Under the conditions studied, the main product of the interaction of butyric acid butyl ester with
hydrazine hydrate is butyric acid hydrazide. The influence of various factors (the amount of hydrazine
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hydrate and cation exchanger, temperature and duration of the reaction) on the formation of hydrazide are
given in the table. During hydrazinolysis of butyl acid butyl ester, the optimum process conditions are the
mass ratio ester: hydrazine hydrate : butyl alcohol: cation exchanger = 1: 0.6: 0.6: 0.67, temperature of

80°C, 3 hours of reaction time, while the hydrazide yield amounted to 68%.

Table - Butyric acid butyl ester hydrazinolysis (ester mass is 1 g).

hydrazine hydrate, | cation exchanger, butyl alcohol, reaction temperature, the hydrazide
g g g time, hours °C yield, %
0,6 0,67 0,6 3 30 68
0,6 0,67 0,6 3 40 15
0,4 0,67 0,6 3 80 30
0,5 0,67 0,6 3 80 25
0,8 0,67 0,6 3 80 18
0,6 1,00 0,6 3 80 47
0,6 0,67 0,6 2 80 36
0,6 0,67 1,0 3 80 53

In the infrared spectrum of butyric hydrazide, absorption bands of valence vibrations are observed in
the region of 1689 cm ~' (C = 0), 2946— 2863 cm ' (CH, CH,, CH3), 1470-1351 cm ' (C — C), 3440 cm’
' (NH) groups, as well as deformation vibrations in the region of 1559 cm™ (NH) groups (figure).

Absorbance —

.4 }' Tf_ﬁeiﬂ’r
| 748,2
f ]
HM}I\ ;){, l,‘,rs‘._f\’\“"l‘-_

Wavenumber , em™

Figure - IR spectrum of butyric acid hydrazide

1000

The mechanism of hydrazinolysis of esters of aliphatic carboxylic acids is still not well understood.
According to [7], it can be assumed that hydrazinolysis of butyric acid butyl ester in the presence of an ion
exchange resin KU-2-8 (H) is carried out by heterogeneous catalysis and the active centers of the cation
exchanger are polymer-bound sulfogroup and hydrogen ions. During the adsorption of butyl ester of
butyric acid on sulfonic cation, an intermediate complex is formed, which then interacts with hydrazine to
form hydrazide and regenerate the active centers of the ion exchanger.
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Thus, we first studied the hydrazinolysis of aliphatic acid esters using the example of butyl acid butyl
ester in the presence of KU-2-8 (H) sulfonic cation exchanger, found the optimal process conditions and
made conclusions regarding the reaction mechanism.

OOXK: 541.128:[546.171.5+547.235]
C.A.Kymaziniaesa', O.5.Baemos’

'Koxa Axmer Scayn aThiHaarbl XalnbIKapaiblk Ka3ak-Typik yHuBepcuteti, Typkicran, Kasakcran;
?J1.B.CokobecKuii aThiHaarbl YKanapMail , KaTanus sKoHe IeKTpoxuMus HHCTHTYThI, AK, Anvarsr, Kasakcran

AJUPATTBI KAPEOH KbIIIKbIIIAPBIHBIH
KATAJIUTTIK THJPA3UHOJIN3 PEAKIUSICBIH 3EPTTEY

AnHoTanms. By sxympicTa anram per aandarTbl KapOOH KBIIIKBUIBIHBIH THIPA3HMHONIN3 PEaKIUsIChl HOHUTTI
KaTaJn3aTtop KaThICBIHIA KapacThIPbUIAbL. TokipHOenep CTaTHKANbIK JKardaiaa Kyprisuyai. Mad KbIIIKbUIBIHAH
aJNJIBIMEH OFaH Colikec OyTWiIIl A(Hp AJBIHABL, apbl Kapail OHBI THAPa3MHMEH SPEKETTECTipreHie Tuapasul TY3ULL.
Maii KbIIIKBUIBI THIPa3WAiHIH Ty3llyiHe opTyp:i (akTopiapablH (TUAPa3UHTUAPATTHIH, KaTaau3aTOPIbIH, OYyTHII
CHMPTIHIH MeJIIepi, TeMIeparypa, peakuus Y3aKkTbIFbl) ocepi 3eprreni. CHHTE3I1H OHTaMIIbI JKaFaainapbiHIa Mali
KBIIIKBUIBI THAPa3UIiHIH WBFEIMBEL 68 % 60m1bl. MK-CrIeKTPOCKOMUSUTBIK 3epTTEyJIep HOTHKECIHIE Mall KBIIIKbUIBI
OyTuia 3¢UpiHIH I'MIPA3HHONIN3 PEAKLHACH CyIb()OKAaTHOHUTTIH aKTHUBTI OPTAJIBIKTAPHIHBIH KATBICYBIMEH JXY3€re
acaThIH MEXaHW3MI YCHIHBUIIBI. PeakMsIHBIH KAaTHOHUT OCTiH/E ayBICHIANBl KOMIUIEKCTEPAiH TY3LUIyiMeH KYpeTiHAiri
KepceTiuni. By KYMBICTBIH MPaKTHKAIBIK MaHBI3IBUIBIFEI Mail KBIIIKBUIBIHBIH THAPA3UIIH adyIblH THIMII 9IMiCiH
OMIacTeIpy OOJBIT TaOBLTAIBI.

TyiiiH ce3aep: Mail KbIIIKBUIBI, TUAPA3SHHONN3, TUAPA3HH, THAPA3U, KaTaau3aTop.

C.A. lixymaayanaesa', A.B. baemos®

'"MexayHapoHbIil Ka3axcKo-Typelkuii yuuepcuter nMenn Xomka Axmena Scasu, Typkecran, Kasaxcras;
2I/IHCTI/ITYT TOIUIMBA, KaTanu3a u siektpoxumun umenu J[.B.Cokonbsckoro, AO, Anmarsl, Kazaxcran

UCCJIEJOBAHUE KATAJIMTUYECKOM PEAKIIMU TUJIPASUHOJIN3A
AJINPATHYECKUX KAPBOHOBBIX KUCJIOT

AnHoTauusi. B 3T0ii pabore BhEpBBIC PAaCCMOTPEHA PEAKIUs THAPA3HHONIN3a aTu(aTHIecKoil KapOOHOBOMU
KHCJIOTBI B IPUCYTCTBUM MOHUTHOTO Katanu3aropa. ONbIThl IPOBOIMIN B CTATHYECKUX yCIOBHSX. [IpensapurensHo
M3 MaCJSIHOW KHCJIOTBHI ObUI MOJIyYeH COOTBETCTBYIOLIMH €My OyTHIIOBBIH (Hp, KOTOPBIH MPU B3aUMOJEHCTBHH C
THJpa3uHOM 00pa3oBayl TUApasuia. V3yueHO BiMsSHHE pa3IMYHBIX (AaKTOPOB (KOJMYECTBA T'MIPA3UHIHIpPATA,
KaTanu3aropa, OyTHIOBOTO CIMpTa, TEMIIEPaTypbl, NPOJODKMTEIFHOCTH pPEaklyK) Ha o0pa3oBaHHE TI'HIpa3ujia

— (4 ——
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MAaCIITHOM KHCJIOTH. B ONTHMaNbHBIX YCIOBUSX CHHTE3a BBIXOJ] THAPa3WIa MAcIsSTHONH KUCIOTHI cocTaBmia 68 %. B
pe3ynbrare MK- CrieKTpOCKOIUYECKUX UCCIEMOBAHMM MPEIOKEH MEXaHU3M PEaKIUU THPA3UHONIN3a OYTHIOBOTO
a¢upa MacISIHON KUCIIOTHI C y4acTHEM aKTHBHBIX IIEHTPOB Cyib(okarnonura. [lokazaHo, 4To peakiiys MPOTEKAaET ¢
00pa3oBaHUEM MEPEXOIHBIX KOMILIEKCOB HA MOBEPXHOCTH KaTHOHUTA. [IpakTHueckas 3HAYMMOCTh PabOThI COCTOHT
B pa3zpaboTke Hanbosee 3GPEKTUBHOTrO COCO0a MONTyUYSHHUS THIPA3UAa MACIISIHONW KHCIIOTHI.

KaroueBble ci10Ba: MacisiHasi KUCIOTA, TUAPA3UHOIN3, TUAPA3KH, THAPA3HU], KaTAIH3aTop.
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EFFECT OF THE BROMIDE IONS ON THE TITANIUM
ELECTRODE DISSOLUTION POLARIZED BY ALTERNATING
CURRENT IN AQUEOUS SOLUTIONS

Abstract. The titanium electrode dissolution possibility polarized by industrial alternating current (AC) with 50
Hz frequency in potassium bromide aqueous solution acidified by sulfuric acid was shown for the first time and the
process dissolving titanium were determined. The influence of alternating current density (200-1200 A/m?),
potassium bromide solution concentration (1.0-5.0 M) and sulfuric acid concentration (0.5-4.0 M), AC frequency
(25-150 Hz), electrolyte temperature (25-80°C) and electrolysis duration (0.5-2 hours) on the current efficiency (CE)
of the titanium dissolution were considered. It was observed extremely low CE (1.8%) of the titanium dissolution by
polarization anodic direct current. When titanium was polarized by alternating current, the CE reached 60% at a
current density of 200 A/m” in the titanium electrode, and as the current density was increased the CE of titanium
dissolution was decreased. The titanium dissolution CE showed the maximum value in 0.5 M sulfuric acid and 1.0 M
potassium bromide solution. The decrease of titanium electrode CE due to the increase of the electrolysis duration
and the AC frequency effect was determined.

Keywords: titanium, alternating current, electrolysis, potassium bromide, sulfuric acid.

Today the application of industrial alternating current frequency of 50 Hz to the electrolysis processes
in the field of applied electrochemistry contributes to the new scientific trends development. This method
allows conducting electrochemical reactions in solutions, dissolving insoluble metals and activating these
processes [1-4].

Titanium and its compounds are light, biologically harmless and resistant to corrosion and
environmental impacts. Though this metal is one and a half times heavier than aluminum, two times
lighter than iron, it is widely used for the production of aircraft engines, orthopedic implants, construction
materials, submarines, electrode and pyrotechnics due to its six times stronger solidity [5-7]. Titanium
dioxide has a great deal to contribute to the food industry as an additive labeled E171. Titanium (III)
nitride is a unique compound in covering metal surfaces, also known as fake gold, which is resistant to the
decays king's water and is much cheaper than gold [8].

Titanium is an element with high melting point that is not soluble in acids by chemical methods. Due
to its wide use today, obtaining various compounds through its dissolution is of great importance [9].

Titanium dissolution in hydrochloric acid with fluoride ions and in phosphoric acid solution in the
presence of industrial alternating current has been shown in scientific works [10-15]. However, the works
do not specify the electrochemical properties of titanium electrode in the bromide aqueous media [16-20].
In this regard, the present work considered the electrochemical dissolution behavior of titanium electrode
in bromide aqueous media. In addition, the influence of the main parameters (current density, electrolyte
temperature and solution concentration, alternating current frequency, etc.) on electrochemical dissolution
process of titanium electrode was investigated.




ISSN 2224-5286 2.2019

Results and discussion

The preliminary experiments results showed the insolubility of the two titanium plates in bromide
aqueous solutions in the presence of direct current as their surface was covered by a layer of oxide film.
However, when the two titanium electrodes were polarized with industrial alternating current, intensive
dissolution of the metal was observed.

The current density effect on the titanium electrode dissolution in bromide aqueous solution was
investigated (Table 1). The research results showed that the current efficiency reached 60% at a current
density of 200 A/m’ in the titanium electrode, but while the current density was increased the CE of
titanium dissolution was decreased. This phenomenon can be explained with the oxide film formation on
the titanium surface in the anodic half period of the alternating current at high current densities and these
inherent oxide films could lead to passivation of electrode surface.

Table 1 - The influence of Current density on titanium electrodes polarized
by alternating current on the CE of their dissolution

[KBr]=1,0 M, [H,80,]=0,5 M, 1=0,5 h

i, A/m’ 200 400 600 800 1000 1200
CE, % 60 41.6 28.2 22.4 18.3 14.7

The potassium bromide concentration effect in the absence of acid in the neutral medium was
investigated to determine the titanium dissolution specificity in bromide aqueous solutions (see Table 2).
The results showed the current efficiency decrease of the titanium electrode dissolution from 25% to 8%
due to the increase of the potassium bromide concentration in the range of 1.0-5.0 M.

Table 2 - The effect of Potassium bromide concentration on the CE
of titanium electrodes dissolution rate polarized by alternating current

i=200 A/m%t=0.5h

[KBr], M 1 2 3 4 5
CE, % 25 17.2 13.4 10 8

Due to the low current efficiency of titanium dissolution in bromide aqueous solutions, it was
investigated the titanium dissolution specificity in the presence of sulfuric acid (Table 3). With the
increasing sulfuric acid concentration from 0.5M to 2.0 M there was observed dynamically increase of
titanium dissolution current efficiency value from 12% to 44%. Further increase of sulfuric acid
concentration leads to the current efficiency decrease up to 16%. This phenomenon can be assumed that
sulfate ions first interact with the film on the titanium surface and create a favourable condition for the
titanium dissolution. Further, the increase of oxygen-containing sulfate ions concentration simplifies the
oxide film formation on the titanium surface and allows its passivation.

Table 3 - The effect of Sulfuric acid concentration on the CE
of titanium electrodes dissolution rate polarized by alternating current

i=200 A/m>,t=0.5h

[KBr], M 0.5 1 2 3 4
CE, % 12 245 44 29.6 16

As the current efficiency of alternating current polarized titanium electrode did not exceed 44% in
sulfuric acid, the potassium bromide solution was acidified with sulfuric acid 0.5 M and the potassium
bromide concentration effect on the solution was investigated (Figure 1). The more the potassium bromide
concentration was increased, the less the current efficiency decreased. This phenomenon can be explained




News of the Academy of sciences of the Republic of Kazakhstan

by the fact that initially when 1.0 M potassium bromide solution acidified with 0.5 M sulfuric acid, these
acidified bromide ions created conditon for titanium dissolving, but futher increasing the potassium
bromide concentration leads to the increase of bromide ions amount as a result of which the titanium
passivation takes place. In this case, as the potassium bromide concentration effect (Table 2) is considered,
a straight line decrease of the current efficiency value was observed. However, it should be noted that
current efficiency increased by 2.5 times.

With a view to further increasing the titanium electrode current efficiency, the potassium bromide was
acidified with sulfuric acid and the change in its concentration was investigated (Figure 2).
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Figure 1 - The influence of Potassium bromide concentration on the CE
of titanium electrodes dissolution polarized by alternating current

However, if an sharply fluctuate in a peak was observed in the sulfuric acid concentration, a straight
line decrease in the titanium current efficiency took place when the potassium bromide solution was

acidified with sulfuric acid solution and the sulfuric acid concentration was increased. The titanium
electrode current efficiency decreased from 60% up to 18%.
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Figure 2 - The effect of Sulfuric acid concentration on the CE
of titanium electrodes dissolution polarized by alternating current
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The temperature effect on titanium electrode dissolution in bromide-acid aqueous solutions was
considered (Figure 3). Studies have shown the current efficiency decrease of titanium electrode dissolution
due to the temperature increase. According to the fundamental principles, the increase of solution
temperature should cause the increase of chemical reactions rate. Explaining the abnormal decrease in the
titanium electrode dissolution rate due to the temperature increase requires additional studies. It is possible
to assume that as the solution temperature increases, the oxide film stability on the titanium surface
increases.

The temperature effect on the current efficiency of alternating current polarized titanium electrode
was investigated from 25°C up to 80°C. It should be noted that temperature increase lead to downward
trend and the titanium current efficiency decreased from 60 to 24%.

Following figure 4 shows the electrolysis duration effect on the current efficiency of alternating
current polarized titanium electrode. The current efficiency of titanium electrode decreased from 60% to
20% between 0.5-2.0 hours. As we have seen, as the electrolysis time was increased, the current efficiency
firstly increased and then decreased. The bromide ions reacted with the oxide film on the titanium surface
and created a complete titanium dissolution. As the time passed, the dissolved titanium slowed down by
forming oxide film again on the electrode surface.
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Figure 3 - The influence of temperature in the CE of titanium electrodes dissolution polarized by alternating current

The current frequency effect on the titanium electrode dissolution in bromide-acid aqueous solutions
is given in Figure 5. Experimental data have shown that as the current efficiency rate is increased from 25
to 150 Hz, the titanium dissolution current efficiency increases up to 50 Hz and then gradually decreases.
This change can be assumed that the more the current frequency increases, the better rational condition is
created for the oxygen shell formation on the surface of the alternating current polarized titanium
electrode.

The titanium electrode dissolution in bromide-acid aqueous solutions showed a decrease in the current
efficiency from 60% to 25% between 50 - 150 Hz.
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i=200 A/m?, [KBr]= 1.0 M, [H,S0,]=0.5 M

Figure 4 - The effect of electrolysis duration on the CE of titanium electrodes dissolution polarized by alternating current

T
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i=200 A/m% [KBr] = 1.0 M, [,SO,] =0.5M,t=0.5h

Figure 5 - The influence of current frequency on current efficiency
of titanium electrodes dissolution polarized by alternating current

In conclusion, titanium electrode dissolution polarized by alternating current in bromide aqueous
solutions was shown for the first time. The various parameters influence on the titanium dissolution rate
was investigated. It has been found that titanium dissolution current efficiency reached 60% in effective
conditions of electrolysis. The results of this study allow dissolving the insoluble titanium electrode in
bromide acid solutions and producing technologies for obtaining its various compounds.
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'1.B.CoKOIBCKHit aTHIHAAFEI JKanapmaii, KaTanu3 )KoHE HJIEKTPOXUMHUS UHCTUTYThI, AJIMAThI;
’Koxa Axmer Scaym aTIHIArsl XalbIKapalblK Ka3ak-TYpik yHBepcureTi, TypkicTan

AMHBIMAJIBI TOKTTEH MOJISIPASAIIASITIAHFAH TUTAH JIEKTPOJIBIHBIH, CYJIBbI EPITIHILITEP/IE
EPYIHE BPOMUJ HOHJAPBIHBIH 9CEPI

AHHOTaIMsI. ¥CHIHBUIBIN OTBIPFAH JKYMBICTA KYKIPT KBIIIKBUIBIMEH KBIIKbUITAHFAH KA OPOMHIII epiTiHIi-
cinge xuiiri 50 I'ip eHAipiCTIK alfHBIMABI TOKIICH MMOJIIPH3ALMSIIAHFaH TUTAH 3JICKTPOABIHBIH SPUTIHIIT aJIFall peT
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KOPCETUIII XoHE epy 3aHIBUTBIKTAaphl aHBIKTANIBL. THUTAaHHBIH €pYiHIH TOK OOWBIHIIA IIBIFBIMBIHA aHBIMANBI TOK
THIFBI3ABIFBIHBIH (200-1200 A/Mz), Kauid OpoMuni epiTiamici koHIeHTpanusackHBH (1,0-5,0 M), KYKIpT KBIIIKBLTBI
koHHeHTpanusaceHbIH (0,5-4,0 M), aifHBIManB! TOK >kuimiridig (25-150 I'm), epitinai Temnepatypacbiaby (25-80°C),
ANEeKTpon3 Y3akThIFBIHBIH (0,5-2 caFar) ocepiiepi KapacThIpbUIALL.  TYpaKThl TOKMEH TMOJsApHU3alsUIaHFaH/Ia
TUTaHHBIH ©TE TOMEH TOK OOWBIHIIA UIBIFBIMMEH epuTiHairi Oaiikanael (1,8%). AWHBIMANbl TOKIECH
MoJIApU3alMsIaHFaHIa TUTaH SJICKTPOABIHAAFEl TOK THIFBI3ALIFEI 200 A/M? Kesinze TOk GolibiHIIA WHFBIM 60% TeH
Oouabl 112, TOK THIFBI3IBIFBIH JKOFapbUIATKaH caiibiH oHbIH epyiHiH TIL Temennerenniri ansikranapl. TuTan epyiHiH
TOK OobIHIIA MIBIFBIMBL 0,5 M KYKIPT KBIIKBUIBI skoHEe 1,0 M kanmuit OpoMui epiTiHIICiHIe MaKCUMAJIbl MOHII
KepceTTi. JIEeKTPOJIM3 Y3aKTHIFBIHBIH JKOHE alHBIMAbl TOK JKUUITIHIH ocCepiH apTThIpFaH CaiblH TUTaH
AJIEKTPOIBIHBIH TOK OOMBIHINA IIBFBIMBI TOMEHICHTIHIIT]T AHBIKTAJIIBL.
Tyiiin ce3aep: THTaH, alfHBIMAJIBI TOK, DJIEKTPOJIN3, KaJIMH OPOMHUI, KYKIPT KBIIIKBUIBL.
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BJIMAHUE BPOMUI-UOHOB HA PACTBOPEHUE TUTAHOBBIX 3JIEKTPOJOB
B BOJJHOM PACTBOPE IT1PHU ITOJISIPU3AIIMU IIEPEMEHHBIM TOKOM

AHHoTanus. B mamHOlf paboTe BmepBBIC MOKa3aHa BO3MOXKHOCTb PAaCTBOPEHHsS THUTAHA B CEPHOKHCIBIX  OPOMHIHBIX
pacTBOpax MpH MOJSPU3ALUH HTPOMBIIUICHHBIM MEPEMEHHBIM TOKOM dacToTod 50 'l M ycTaHOBIEHBI MPOTEKAHMS IIpomecca
3aKOHOMEpPHOCTH PAcCTBOPEHUs THTaHA. VI3ydeHO BIMSHHE — INIOTHOCTH IepeMeHHoro Toka (200-1200 A/Mz), KOHLEHTpaL1
pactBopa 6pomuna kamus (1,0-5,0 M), konnenTpanun cepaoit kuciotsl (0,5-4,0 M), wactoTsl mepemeHHOro Toka (25-150 I'm),
Temrepatypsl pactBopa (25-80 ‘C) m mpopoikurensHocTH 3ekTpoinsa (0,5-2 yaca) Ha Bbixon no Toky (BT) pactBopenns
tutaHa. [lpu nosnsipusanuy aHOTHBIM IIOCTOSHHBIM TOKOM HaOmonanack Hu3kuil BT pactBopenus turana (1,8%). A npu
TOAPH3ALMI THTAHA TIEPEMEHHBIM TOKOM, IIPH ITOTHOCTH Toka 200 A/M> BT coctaBui 60 %, a ¢ yBEIHUEHHEM [IOTHOCTH TOKA
BT pacTtBopeHHsI THTAHOBOTO 3JICKTPO/ia yMEHbIIACTCS. Y CTaHABJICHO, YTO B pacTBOpe, coaepxkaiiem 1,0 M GpomucToro kajius u
0,5 M cepHOW KHCIIOTHI HaONIOmaeTcs MakcHManbHOe 3HaueHne BT pacTBopeHHs TUTaHOBOTO 3JekTpoxa. [lpm yBenmdeHUn
MPOJOJKATENBHOCTH MIEKTPONIN3a U YaCTOTHI IIepeMeHHoro Toka BT pacTBopeHus TTaHa yMEHBIIACTCSL.

KnioueBble cjI0Ba: THTaH, IEPEMEHHBII TOK, JIEKTPOIN3, OPOMHI Kaus, CepHast KUCIIOTA.
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