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CATALYTIC CONVERSION OF METHANE
INTO SYNGAS AND ETHYLENE

Abstract. The object of research is development technology of the new composite materials synthesis for the
processing of light alkanes into syngas and ethylene. The study varying technological parameters of the reaction
(temperature, volumetric rate, reaction mixture composition) oxidative conversion of methane into syngas and
ethylene. Paper presents data of developed methods of synthesis were developed and the catalysts physicochemical
characteristics were established. Optimized technological parameters of the process in an integrated automated
laboratory setup. It has been established that the active in syngas and ethylene formation in mixture oxidative
transformation of CH4+O,+Ar on 10%K-30%Mn-10%Nb/50% glycine catalyst prepared by the SHS (solution
combustion synthesis) method and 1.5%K - 3.5%Mn/AlSi catalyst prepared by impregnation method.

Key words: methane, catalytic oxidation, syngas, ethylene.

Introduction

The world's oil reserves are decreasing every day due to the continuous production and their
processing using the most modern technologies. Scientists all over the world are looking for various raw
materials and methods to use the vast resources of natural gas as a substitute for petrochemicals. In this
regard, great attention is drawn to natural gas as an alternative source of raw materials for petrochemical
industries.

According to the annual Statistical Review of World Energy — 2018, published by British Petroleum
(BP) at the end of 2017 proven natural gas reserves in the world are estimated at 193.5 trillion cubic
meters.

Kazakhstan ranks 15th in the world and 4th in the CIS of natural gas reserves. The prospects for the
development of the global gas processing industry are associated with the creation and introduction of new
catalytic environmentally friendly technologies for producing of olefins, based on production of polymers,
alcohols and motor fuels. Gas processing plants in Kazakhstan are currently engaged mainly in the
purification of gases from water, impurities of carbon dioxide and hydrogen sulfide for their use for
domestic purposes. This situation is associated with the lack or absence of new catalytic technologies for
the directed processing of light C;-C4 alkanes. There are no production facilities for the production of
olefins, plastics, motor fuels and other products whose demand is met by imports. Therefore, an important
task is the intensive development of the industrial processing of light hydrocarbon raw materials, the
reserves of which far exceed oil reserves.

It is known that natural gas is 90% methane. Oxidative dimerization of methane to ethylene, which
allows to obtain a number of petrochemical products, such as polyethylene, polystyrene and many other
chemical products, is of considerable interest. This is primarily due to the low cost of methane compared
to other hydrocarbons [1]. Development of new efficient catalysts for the selective oxidation of light
alkanes is still at the research and development stage [2-8].
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In the work of Karakaya [9] the Mn/Na, WO,/SiO, catalyst was studied for the oxidative dimerization
of methane. The catalyst was prepared by impregnation methods. The influence of temperature, volume
velocity and the ratio of reaction gases were investigated. It is determined that methane conversion is 38%
at a volume rate of 390 h”'. The maximum ethylene yield was 16% at 750°C and a gas ratio of CHy/O, = 2.

In [10] Sr-Al, La-Sr-Al and Na,WO,—Mn/SiO, series of catalysts were prepared by solution
combustion synthesis (SCS). The activity of catalysts was investigated at 450-850°C and CH4:0;:N, =
32:8:10 ratio, the linear velocity of gases was 50 ml/min. During the experiments it was determined that
catalysts were not active in the temperature range of 450-600°C. The Sr-Al series of catalysts, where Sr/Al
= 1.25, were active. It was found that the maximum yield of C, hydrocarbons on the Sr/Al = 1.25 catalyst
was 11.5% at ~ 800°C and C,H4/C,H¢ = 4.5 ratio. For each catalyst of the La-Sr-Al series, the C,
hydrocarbons yield and ethylene/ethane ratio were measured over a wide temperature range. The highest
ethylene yield of 12.3~13.0% was achieved at 720°C, and the C,H4/C,Hgs = 1.7 and 1.6 ratio, respectively.
It was found that the 10% Na,W0,—5% Mn/SiO, catalyst providing the maximum yield of C2
hydrocarbons ~ 21% at 750°C and the ethylene / ethane = 2 ratio is the most highly active and selective.

In [11] the Mn-Ce-Na,WO,/Si0O, catalysts prepared by the impregnation method were investigated for
oxidative dimerization of methane. In particular, due to the double advantages of the tubular membrane
reactor, a high methane conversion of 60.7% with selectivity of C,+ 41.6%, ethylene/ethane ratio of 5.8%
and ethylene yield of 19.4% at a space velocity of GHSV= 6050 ml-g"-h™" was achieved.

We have developed polyoxide catalysts based on molybdenum, chromium and gallium, applied to
natural clays for catalytic oxidation of propane butane mixture into oxygenates and olefins [12-14] and
developed of composite materials by combustion synthesis method for catalytic reforming of methane to
synthesis gas [15-17].

Methods for synthesis of catalysts were presented in paper the physicochemical characteristics of
catalysts were established, as well as the optimization of technological parameters for the process of
synthesis of syngas and ethylene from methane in an integrated automated installation.

Experimental

Catalyst preparation

Paper presents results of the study of activity of developed following catalysts:

1.5% K - 3.5% Mn/AlS;i;

10% K - 30% Mn - 10% Nb/50% glycine;

10% K - 30% Mn - 10% Nb/ceramic block;

The catalytic systems were synthesized by the method of impregnation in air and by solution
combustion synthesis.

The developed compositions of catalysts were prepared by capillary impregnation of mixed aqueous
solutions of metal nitrate salts supported on carriers by moisture capacity, followed by drying at T = 473
K for 2 h. Calcinations of samples at T = 773 K for 2 h in air was carried out for decomposition of
supported metal salts and corresponding volatilization of nitrates from the catalyst surface.

The catalysts with using the SCS method were prepared [18-20]. Thus, certain amounts of nitrates of
the corresponding salts were weighed to prepare a catalyst. These salts are pre-ground in an agate mortar
and then mixed in a porcelain dish. Then 10 ml of distilled water is gradually added to this mixture of
salts, the mixture is stirred in air for several minutes until complete dissolution.

The muffle furnace was previously turned on to the required temperature (in our case, up to 500°C).
The prepared mixture from a porcelain cup is transferred to a 200 ml heat-resistant glass beaker and
placed in a heated muffle furnace. After 2-3 minutes with an incomplete opening of the door of the muffle
furnace, it is visually possible to observe burning in the solution, at which this mixture rises along the
walls of the glass during rapid boiling. Urea and glycine were added to the composition of SCS catalysts
to improve the combustion process. The presence of glycine or urea in the composition of catalyst
contributes to a change in the color of solution into brown color during combustion. Then the glass is
cooled in air and the finished catalyst is placed in glass cups.

The specific surface area and measurement of the pore distribution of the developed catalysts were
studied by the BET method (Bronauer-Emmett-Teller) on a GAPP V-Sorb 2800 analyzer (China).
Nitrogen with helium was used as carrier gas. BET method was carried out at Advanced Ceramics and
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Composites Laboratory, Institute of Nanoscience and Nanotechnology NCSR “Demokritos” (Athens,
Greece).

Characterization techniques

The analysis of the initial mixture and reaction products was carried out using a chromatograph
"Chromos GC-1000" with the "Chromos" software and on a chromatograph "Agilent Technologies
6890N" (USA) with computer software. Chromatograph "Chromos GC-1000" is equipped with packed
and capillary columns. The packed column is used for the analysis of H,, O,, N,, CH4, C;Hg, CoH,, C5-Cy
hydrocarbons, CO and CO,. A capillary column is used to analyze of liquid organic substances, such as
alcohols, acids, aldehydes, ketones and aromatic hydrocarbons. Temperature of the detector by thermal
conductivity — 200°C, evaporator temperature — 280°C, column temperature — 40°C. Carrier gas velocity
Ar = 10 ml/min. The chromatographic peaks were calculated from the calibration curves plotted for the
respective products using the "Chromos" software for pure substances. Based on the measured areas of the
peaks corresponding to the amount of the introduced substance, a calibration curve V = f (S) was
constructed, where V - amount of substance in ml, S - peak area in cm®. Concentrations of the obtained
products were determined on the basis of the obtained calibration curves. The balance of regulatory
substances and products was * 3.0%.

Results and discussion

The paper presents data of activity of 1.5%K - 3.5%Mn/AlSi catalyst prepared by impregnation for
the oxidative conversion of the 34% CH,+17% 0,+49% Ar mixture at 6500 h™' space velocity. As can be
seen from figure 1, the yield of the reaction products also increases with increasing the reaction
temperature from 650 to 900°C. The formation of products of partial oxidation - H, and CO, complete
oxidation - CO,, and the target reaction products - C,Hs and C,H, are observed in the oxidative conversion
of methane.

b
L
]

e H2 el O COZ e CIHG s C2HA

10 ~

Yields %, Hy, CO, COy, CoH,, Coll,

600 650 700 750 800 850 900
Temperature °C

Figure 1 - Effect of a reaction temperature on the product yield of the oxidative conversion
of methane on 1.5 % K - 3.5 % Mn/AlSi catalyst

It should be noted that the process goes towards the formation of H, and CO. The yields of products
increase with increasing reaction temperature. CO; is produced in smaller amounts, the yield of which also
increases with increasing temperature. The yield of ethylene does not exceed 5% at all temperatures.

Data on the activity of the developed three-component 10%K-30%Mn-10%Nb/50%glycine catalyst
prepared by the SCS method for oxidative conversion of 41.8% CH4 + 16.2% O, + 42.% Ar mixture at a
space velocity of 3500 h" and CH4:0, = 2.5:1.0 ratio will be given. As can be seen from figure 2, the
three-component composition with the addition of niobium showed good activity in relation to the
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formation of ethylene compared with the two-component compositions of catalyst. The yield of ethylene
also increases with an increase in the reaction temperature from 600 to 800°C. At a temperature of 800°C,
the ethylene yield passes through a maximum and decreases again with increasing temperature to 900°C.
The yields of Hy, CO and CO; slightly change with increasing temperature and vary within 2-3%.

16 - —4—H2 —B-CO 02 ——CIHE —#—C2H4

Yieh:lﬂ %, H2, Cl:ﬂ-', Ct:‘-'z, CzHG, D2H4

600 650 700 750 800 850 900
Temperature °C

Figure 2 - Effect of reaction temperature on the product yield of oxidative conversion of methane
on 10%K-30%Mn-10%Nb/50% glycine catalyst

Thus, the optimal temperature for the formation of ethylene is 800°C at which the ethylene yield is

14.3%.
Developed active phase of 10% K -30% Mn - 10% Nb of catalyst was supported on ceramic block

(Fig. 3). The activity of this catalyst composition
—4—H? —B-CD (02 ——C2HE6 —#—C2H4
o 18 1
16 -

_1
F.-sc—’
[ —
e R £
I I

[

[
o]
1

Yields %, Hy, CO, CO,, CoH

o T T T T T

600 6350 700 730 800 850 900
Temperature °C

Figure 3 - Effect of reaction temperature on the product yield of the oxidative conversion
of methane on 10 % K —30 % Mn — 10 % Nb/ceramic block

CH,4 + 16.2% O, + 42% Ar mixture with a ratio of CH,:0, = 2:1.5 and at 6500 h™' space velocity.
Under these conditions, the catalyst was less active with respect to the formation of both ethylene and H,.
As the temperature rises, only the yield of CO increases.

Thus, the activity of the developed two- and three-component catalytic systems prepared by
impregnation and SCS method in the oxidative conversion of the methane of natural gas was investigated.
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It was established that 10%K-30%Mn-10%Nb/50%glycine catalyst prepared by the SCS method is the
most active in formation of ethylene and 1.5%K - 3.5%Mn/AlSi catalyst prepared by impregnation for the
oxidative conversion of methane into syngas.

In addition, the methods for synthesis of the developed catalysts were determined and the
physicochemical characteristics of the catalysts were established. Developed applied K-Mn catalyst was
studied by G. Kaumenova, a 3-year doctoral student at al-Farabi Kazakh National University during an
overseas internship (Fig. 4,5). Nitrogen with helium was used as carrier gas.

350

—+— Adsorption

300 4 —a— Desorption

250 1

200 4

150 -+

100 -+

S50 4

Quantity Adsorbed N2, V(cm3/g,STP)

01 02 03 04 05 06 07 08 09 1 11
Relative Pressure(P/P0)

Figure 4 — Isotherm of adsorption and desorption of applied K-Mn catalyst
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S
o 0064 05 %
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E 0,04 ; 035 =
20,035 | L 03 -
-
= 0,03 025 £
S 0,025 ; 02 &
£ 0021 015
0,015 | 0’1 S
0,01 1 F 0, &

0,005 1 - 0,05

0 r 0
1 10 100

Width(nm)

Figure 5 — Differential dependence of pore size distribution
on applied K-Mn catalyst

From the data of Figure 5, it can be seen that a significant amount of pores have a size of up to 10 nm.
This, in turn, is an important characteristic of catalyst, on the basis of which it can be concluded that the
developed catalyst is nanoscale.

Thus, the influence of technological parameters of reaction on the yield of target products was
established. The study of catalytic oxidative conversion of the main components of natural gas is methane
was carried out on the developed catalytic systems by varying the reaction temperature, space velocity and
ratio of the main gases in reaction mixture in order to obtain the optimal amount of desired reaction
products. Process parameters on an effective catalyst in an integrated plant were optimized.
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Conclusion

Thus, synthesis methods were developed and physicochemical characteristics of catalysts were
established. Technological parameters of the process in an integrated automated laboratory setup were
optimized.

It was established that 10% K - 30% Mn - 10% Nb/50% glycine catalyst prepared by SCS method is
active for production of 14.3% C,H, in oxidative conversion of 41.8% CH4 + 16.2% O, + 42% Ar at
800°C and space velocity of 3500 h™' and 1.5%K - 3.5%Mn/AlSi catalyst prepared by impregnation
method is active for obtaining of 17.3% H, and 23.8% CO in the oxidation of 34% CH4+17% O,+49% Ar
at space velocity of 6500 h™'.

From the above results, it follows that it is possible to optimize the process of oxidative conversion of
methane by selecting the reaction technological parameters and improving the composition of inserted
catalysts.
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METAHHBIH CUHI'A3 )KOHE 3TUJIEHTE JIEMTH KATAJIMTUKAJIBIK KOHBEPCUSCHI

AnHoTauusl. 3epTTey HBICAaHBI TaOWFW Ta3 MeTaHABl oOJeUHIepre KaWTa eHAEyne >KaHAa KOMITO3UTTI
MaTepualiaapasl CUHTe37ey Oouibill TaObuIafpl. OneduHaepre TOThIFA aifHAy PEAKIUACHIHBIH TEXHOJIOTHSIIBIK
mapaMeTpIIepiHiH (TeMIepaTypa, KeJIeMIiK KbUIIAMABIK, PEaKIHIIBIK KOCIIAHBIH KypaMbl) e3repicTepi 3epTTemiHIi.

Makanana JalblHAAIFAH KaTalu3aTOPIapAblH CHHTE3NEY oicTepi MeH (H3MKa-XUMHSJIBIK KacHeTTepi
YCHIHBUIFAaH. ABTOMATTaH[ABIPHUIFAH 3€PTXAHANBIK KOHJIBIPFbIA  YPIICTIH TEXHOJOTHSUIBIK —IapaMeTpliepi
OHTaNJIaHABIPbLUIFaH.

Epitingine ©XXC ogmicimen 10%K-30%Mn-10%Nb/50% riavuuH gadblHIAIFaH KaTaau3aTopia KOHE CIHIpY
omicimen madbiHmanFan 1,5%K-3,5%Mn/AlSi karanuzatopbl Oactankel peakinusiiblk Kocrna CH4+O,+Ar cunras
YKOHE ITUJICH TY3YA€ OCICCH T aHBIKTAIBIH/IbI.
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KATAJIMTHNYECKASI KOHBEPCHUSI METAHA B CHHI'A3 U OTHUJIEH

AnHotanus. OOBEKTOM UCCIICIOBAHUS SBISCTCS pa3pabOTKa TEXHOJOTHH CHHTE3a HOBBIX KOMITO3UIIHOHHBIX
MaTepUaNIOB JJisl IepepabOTKU MPUPOTHOIo ra3a MeTaHa B oie()UHbL. BbUI0 U3y4eHO BaphbHUPOBAHUE TEXHOJIOTHYEC-
KUX TMapaMeTpoB peakiuu (TeMmmeparypa, oObeMHas CKOPOCTb, COCTaB PEAKIMOHHOW CMECH) OKHUCIHTEIbHOTO
MpEBpalIeHHs METaHa TIPUPOHOTO Ta3a B OJICUHBI.

B crartee mpencraBieHbl JaHHbIE Pa3paOOTaHHBIX METONOB CHHTE3a M YCTAaHOBIICHBI (PU3NKO-XUMHUYECKHE
XapaKTEePUCTUKU KaTaau3aTtopoB. ONTUMU3UPOBAHBI TEXHOJIOTHYECKHE MapaMeTphl Mpollecca B aBTOMATH3UPOBaH-
HOW J1a00paToOpHON yCTaHOBKE.




News of the Academy of sciences of the Republic of Kazakhstan

Y CTaHOBIIEHO, YTO AKTHBHBIM 10 00Pa30BAHUIO CHHIA3a M ATUJICHA NPU OKHCIUTEILHOM NPEBPAIEHUH CMECH
CH4+0O,+Ar sBistoress  10%K-30%Mn-10%Nb/50%rmunmH  katanuzatop, OpurotoBileHHBIH Metogom CBC B
pactBope u 1,5%K-3,5%Mn/AlSi karann3zaTop IpUroTOBICHHBIH METOXKAOM MPOIUTKH.

KiroueBble cj10Ba: METaH, KATATUTUIECKOE OKUCIIEHNE, CHHTa3, STHIICH.
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CHEMICAL CONSTITUENTS OF LIGULARIA NARYNENSIS

Abstract. In this work, the quantitative and qualitative analysis of phytochemical constituents of medicinal
plant Ligularia narynensis from Kazakhstan have been made for the first time. Total bioactive components of L.
narynensis such as organic acids (0.58 %), flavonoids (0.64 %) and together with moisture content (5.98 %), total
ash (7.58 %), and extractives content (25.1 %) were determined. Eleven macro-, microelements from the ash of plant
were identified, main contents of them were K (1308.25 pg/ml), Ca (1312.77 pg/ml), and Mg (231.18 pg/ml) by
using method of multi-element atomic emission spectral analysis. In addition, the ethyl acetate extract from the aerial
part of L. narynensis was analyzed by Liquid Chromatography-Mass Spectrometry (LC-MS).

Key words: Ligularia narynensis, bioactive constituents, macro-, microelements, LC-MS.

Introduction

Ligularia is a medicinally important genus of the family Compositaec that comprises about 180
Eurasian species, 17 species growing in mountains of Kazakhstan [1]. They grow in a great variety of
habitats from riverine to high-mountain rocky places, ranging from sea level to 5000 m altitude [2]. More
than 27 Ligularia species have been used as traditional Kazakh and Chinese medicinal herbs for the
treatment of fever, pain, inflammation, intoxication, cough phlegm, removing blood stasis,
emetic, diuresis, cholagogue and removing jaundice [3-10]. Phytochemical investigations of various
Ligularia species showed the presence of monoterpenes, sesquiterpenes, diterpenes, triterpenes, alkaloids,
steroids, flavonoids, lignans, and other skeleton type compounds, as well as some of these compounds
showed various biological activities such as anticancer, antibacterial, antihepatotoxicity, antioxidant, and
antithrombus [11-13].

L. narynensis is a perennial herb growing in Almaty region of Kazakhstan and in Xinjiang province of
China. Scientist Xue Gao determined the structures of oplopane-type sesquiterpenes, a new 8-O-4'-type
neolignan, oplopane and guaiane type sesquiterpenoids, monoterpenoids from the roots of L. narynensis
[3,9, 14, 15].

Our previous phytochemical investigations have reported the total bioactive components from the root
part of L. narynensis such as organic acids, flavonoids, moisture content, total ash, and extractives content.
By using method of multi-element atomic emission spectral analysis eleven macro-, microelements from
the ash of plant were determined. Concurrently, twenty amino and eight fatty acids were analyzed from
this plant [16]. Additionally, fifty nine liposoluble constituents in chloroform extract from the root part of
L. narynensis have been identified by GC-MS method [17].

In present study has been made the investigation of the chemical constituents for the aerial part of
medicinal plant L. narynensis grown in Almaty region of Kazakhstan for the first time. Total bioactive
components of L. narynensis such as organic acids, flavonoids together with moisture content, total ash,
and extractives content were determined. Eleven macro-, microelements from the ash of plant were
identified by using method of multi-element atomic emission spectral analysis. In addition, the ethyl
acetate extract from the aerial part of L. narynensis has been analyzed by Liquid Chromatography-Mass
Spectrometry (LC-MS).
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Materials and methods

Plant material. The aerial part of plant L. narynensis was collected in September 2018 from the
Zailiysky Alatau Mountains of Almaty region and identified by Dr. Alibek Ydyrys. Specimens (1217-bH-
17) were deposited in the Herbarium of Laboratory Plant Biomorphology, Faculty of Biology and
Biotechnology, Al-Farabi Kazakh National University, Almaty, Kazakhstan. The air dried aerial part of L.
narynensis were cut into small pieces and stored at room temperature.

Extraction. The air-dried plant L. narynensis (8.5 kg) were pulverised and extracted with 95%
ethanol (EtOH) three times (seven days each time) at room temperature. After evaporation of the solvent
under reduced pressure, 420 g of the residues were mixed and suspended in water and then successively
partitioned with petroleum ether (PE), dichloromethane (DCM), and ethyl acetate (EA) to afford the
corresponding extracts.

Experimental part

The quantitative and qualitative analysis. The quantitative and qualitative contents of biologically
active constituents from the aerial part of the plant were determined according to methods reported in the
State Pharmacopeia XI edition techniques [18].

Analysis of macro-, microelements. In the «Center of Physico-Chemical methods and analysisy,
Republican State Enterprise Kazakh National Al-Farabi University, MON RK using the method of multi-
element atomic emission spectral analysis in the ash of L. narynensis was analyzed elemental constituents.
To determine the mineral composition of ashes was used Shimadzu 6200 series spectrometer [16].

Liquid chromatography-mass spectrometry. Analytical LC-MS spectra perform on a Waters 2695
instrument coupled with a Waters 2998 PAD, a Waters 2424 ELSD and a Waters 3100 SQDMS detector
[19]. The EA fraction were analyzed by LC-MS using water-acetonitrile in increasing non-polarity until
100% acetonitrile (Table 1).

Table 1 — The method of LC-MS

H,0, % ACN, % Time, min
90 8 5
90 10 5
80 20 7
70 30 8
5 95 10
100 10

Results and discussion

Extraction. Powdered the aerial part of L. narynensis plant (8.5 kg) was extracted (30 L x 3) for
twenty one days in total at room temperature. The combined extract was evaporated under reduced
pressure to give a residue (420 g) which was dissolved in water and partitioned with solvents of increasing
polarity to give PE (195 g), DCM (20 g), and EA (11 g) (Figure 1).

Ligularia narynensis 8.5 kg
l Extraction with EtOH (30 L x 3)

EtOH extract 420 g
‘ Suspend with H,O

Partition with PE

l l Partition with DCM
PE l l L
fraction Partition with EA
195¢g DCM l 1
fraction
20g EA H,0
fraction fraction
g 194g

Figure 1 — Flow-chart of partition of the aerial part of L. narynensis

—— |4 ——
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The quantitative and qualitative analysis. The quantitative and qualitative analysis of biologically
active constituents together with moisture content, total ash, and extractives contents were determined
from the aerial part of L. narynensis. The results shown in Table 2.

Table 2 — Quantitative analysis of bioactive constituents of L. narynensis

Content, %
Moisture content Ash Extractives Organic acids Flavonoids
5.98 7.58 25.1 0.58 0.64

Analysis of macro-, microelements. In «Center of Physico-Chemical methods of analysis»,
Republican State Enterprise Kazakh National Al-Farabi University, MON RK using the method of multi-
element atomic emission spectral analysis in the ash of L. narynensis were determined eleven macro- and
microelements, showed in Table 3 and major of them was K (2214.13 pg/ml), Ca (391.31 pg/ml), Mg
(231.18 pg/ml), Fe (80.61 pg/ml). Potassium, magnesium and calcium are macroelements. Typically, each
of the macroelements performs several functions.

Potassium is the main intracellular ion, while the main extracellular ion is sodium. The interaction of
these ions is important in maintaining cell isotonicity. Potassium contributes to better brain activity,
improving its oxygen supply. It has a positive effect in many allergic conditions.

Calcium is the most common macroelement in the human body. Being one of the main components of
bones, calcium is necessary for mineralization of new bone tissue. It is also a cofactor for the activation of
many enzymes or the formation of a number of enzyme complexes in multi-stage blood clotting processes.

Magnesium is a universal regulator of biochemical and physiological processes in the body,
participating in energy, plastic and electrolyte metabolism. As a cofactor of many enzymes, magnesium is
related to more than 300 biochemical reactions.

Iron is the most important microelement, which is necessary for the normal functioning of the body. It
plays a very important role in the oxidation and reduction processes. Iron is part of the red blood cell
hemoglobin, myoglobin and many enzymes involved in hematopoiesis. Consequently, iron provides
reversible binding of oxygen to red blood cells and its transport to all organs and tissues of the human
body [20].

Table 3 — Composition of macro-micro elements in the ash of plant L. narynensis

Element Cu Zn Cd Pb Fe Ni Mn K Na Mg Ca

pg /ml 0.90 2.34 0.15 1.54 80.61 0.10 6.39 1308.25 2098  231.18 1312.77

Liquid Chromatography-Mass Spectrometry. The results of the spectral analysis of the studied extract
of L. narynensis obtained by LC-MS are shown in Figures 2. On UV spectra of the fraction has an intense
absorption bands, which supposedly indicates the presence in the extract of flavonoids and flavonoid
glycosides. These components can be identified with the peaks at retention time of 7.31 min, 383 m/z,
8.39 min, 447 m/z, 9.11 min, 427 m/z, 9.58 min, 535 m/z, 12.55 min, and 327 m/z, respectively.

Variety of flavonoids found in the nature possesses their own physical, chemical, and physiological
properties. Structure function relationship of flavonoids is epitome of major biological activities.
Medicinal efficacy of many flavonoids as antibacterial, hepatoprotective, anti-inflammatory, anticancer,
and antiviral agents is well established [21]. A wide spectrum of biological activities has been documented
for flavonoid glycosides, including antioxidant, immunomodulatory, anticancer activities [22].
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Figure 2 — LC-MS chromatogram of the EA fraction from the aerial part of L. narynensis

Comparative review. The contents of the investigated biological active compounds and macro-,
microelements from the aerial and the root parts of the L. narynensis are similar [16].

Conclusion

In summary, the quantitative and qualitative analysis of phytochemical constituents from the aerial
part of L. narynensis of Kazakhstan have been made for the first time. As the results of this study, the
dried and powdered plant was extracted three times with 95% ethanol, the extract was evaporated in vacuo
to give a residue, which was suspended in water and partitioned successively with petroleum ether,
dichloromethane, ethyl acetate; total bioactive components of L. narynensis were determined; eleven
macro-, microelements from the ash of plant were identified; the ethyl acetate fraction of the aerial part
presumably rich by flavonoids and flavonoid glycosides was analyzed by LC-MS. Flavonoids and
flavonoid glycosides have important pharmacological activities such as anticancer, antibacterial,
hepatoprotective, anti-inflammatory, antioxidant, immunomodulatory activities. These results suggest that
L. narynensis is recommended as plant with pharmaceutical importance. However, further studies are
needed to undertake its bioactivity and toxicity profile.
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LIGULARIA NARYNENSIS ©CIMAIT'THIH XUMUAJIBIK KYPAM/JIAPBI

Annoranus. byn sxymeicra Kazakcrannma eceriH Hoputik eciMmikTiH Ligularia narynensis (pUTOXUMHSIIBIK
KYPaMBIHBIH CaHJBIK OHE CalalblK Tajnaybl OIpiHIN peT >Kypri3uimi. OCIMAIKTIH BUFAIABUIBIFE (5.98 %),
kynmimri (7.58 %) xoHe oskcTpaktuBTimiri (25.1 %), coHpiMeH Oipre opraHukanblK KeImkeul (0.58 %),
tmaBonouarap (0.64 %) CHAKTBI OHMOJOTHSJIBIK AKTUBTI KOMIIOHEHTTED KYPaMbl aHBIKTAIABL. ATOMIBIK YMHCCHUS
CHEKTpaNbIbl TANAAy OMICIH KOJJaHA OTBIPBIN, O©CIMIIKTIH KYJIiHIEri oH Oip Makpo- JKOHE MHKPOIJIEMEHTTEpi
3epTTenl xoHe OHbIH Herisri Kypambl K (1308.25 mkr/min), Ca (1312.77 mkr/miu), Mg (231.18 mxr/miu). Bynan
Oacka, L. narynensis xep ycTi O6IIriHIH 3THIALETAT CipiH/ICI CYHBIKTBI XpOMaTOorpadus—Macc-CreKTpOMETPHSHBIH
(OKX-MC) aniciMeH TaiIaHabl.

Tyiiin ce3nep: Ligularia narynensis, OMOaKTUBTI KypamaacTap, Makpo-, Mukpoasiemenrrep, XKX-MC.

A.K. HypJabioexoBa 1 E. SIur’, MLA. TioceGaesa’, 7K. HKenic

ICDaKYJ'II)TeT XUMHU ¥ XUMHYECKON TeXHOIOTHH, Ka3axckuil HalmoHAILHBIA YHUBEPCUTET UMEHH altb-Dapadu,
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XUMHUYECKHUE COCTABJIAIOIIUE PACTEHUSA LIGULARIA NARYNENSIS

AnHotanusi. B nanHOl pabore BhepBble ObLI ClellaH KOJMYECTBEHHBIH WM KaueCTBEHHbBIH aHalU3
(PUTOXMMHMYECKUX COCTABISIONIIMX JIEKapCTBEHHOro pacreHus Kasaxcrana Ligularia narynensis. OnpeneneHbl
OMoJIOrMYeCKN aKTHUBHBIE KOMIIOHEHTHI L. narynensis, Takue Kak opranndeckue kuciotsl (0,58 %), draaBoHOMIBI
(0,64 %) BmecTte ¢ comepkanuem Biaru (5,98 %), obmeit 30ibl (7,58 %) u 3KCTpakTHBHEBIX BemecTB (25,1 %). Ilpu
UCIIOJIb30BaHMH METO0/1a MHOTOJIEMEHTHOTO aTOMHO-3MHUCCHOHHOTO CHEKTPAJIbHOTO aHAJIM3a B 30JI€ PACTEHHS ObLIN
UICHTU(PUIHUPOBAHBl OAWHHAALATH MaKpO-, MHKPOAJIEMEHTOB, OCHOBHBIMH W3 KOTOpbIX sBisitoTes K (1308.25
Mmkr/mi), Ca (1312.77 mxr/mi), Mg (231.18 mkr/min). Kpome Toro, 3THinaneTaTHBIA SKCTPaKT HAA3€MHOW dacTu L.
narynensis ObUI IPOAHATIM3HUPOBAH METOIOM XHUIKOCTHOH Xpomartorpadun—macc-criekrpomerpun (JKX-MC).

KiroueBnlie cioBa: Ligularia narynensis, OMOaKTHBHBIE KOMIIOHEHTHI, MaKpo-, MUKpo3JieMeHTsI, JKX-MC.
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THE OPTIMAL FREEZING TEMPERATURE
OF COW MILK AND CAMEL MILK

Abstract. In the freezing process of cow milk and camel milk, three areas of temperature variations were
identified. Specifically, on the first period, both types of milk cooled, then supercooled and further the formation
process of ice crystals a taken place. On the second area, it was observed the isothermal area and the phase
transformation of water into ice was present. On the third stage, the weakly bound water contained in cow milk and
camel milk completely transited into ice. Based on a study of the pattern of changes in the amount of frozen
moisture, it was found that, at the minis temperature of t=-15 °C, more than 95% of the water consisted in both types
of milk are frozen, and further reducing of temperature had monotonously insignificantly increasing behaviour of the
freezing. Therefore, from the point of view of energy savings and maximum preservation of the initial qualities
during the shelf-life of cow milk and camel milk, the optimal freezing temperature range is recommended.

Key words: freezing, milk, frozen moisture, isothermal process, free and bound water.

Introduction

One of the most consumed groups of products in Kazakhstan households and abroad is milk and dairy
products [6]. However, storage of raw milk by energy saving benefits with a prolonged shelf-life is actual
problem for the dairy technology specialists.

There are several advantages of using freeze-drying instead of conventional sensory characteristics
within the food product. These advantages make freeze-drying an adequate technology among the new
trends of functional and nutraceutical products in the food industry [4].

Freeze drying method is used for the increasing a shelf-life of dried milk as one of the significant
parameters and to maximize the amount of preserved nutrients [10, 14].

Review of the available literature shows that currently among researchers engaged in the field
of vacuum freeze-drying of the food products, there is no consensus regarding of a selection of the freeze-
drying temperature of milk [3]. For example, according to the authors’ opinion [8], for the maintenance of
the original quality during of the freeze-drying of the product, a lower value of the freezing temperature is
sufficiently within t= -45 °C. However, the authors [12] consider that the initial quality of the dried milk
can be achieved at the temperature range: t= -10...- 13 °C, where until 90-92% of water in milk are frozen,
residual water content is not available for the spoilage of food. (in remain, it will be 8% of water that has
an insignificantly value)

As a result of freezing of mare and camel milk, powder remains, which when re-diluted with water
retain practically all the beneficial properties of milk [9].

On average camel milk contains 81.4-87% water, 10.4% dry matter, 1.2-6.4% milk fat, 2.15-4.90%
protein, 1.63-2.76% casein, 0.65-0.80% whey protein, 2.90-5.80% lactose and 0.60-0.90% ash [1].

The fat content in camel milk varies in a fairly wide range, which depends on the species, season,
forage, individual and other factors [13].
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Water of cow milk and camel milk is a weakly bound and with its dry framework, besides the forms
and energy of bond of this moisture are various [8].

Within a temperature dropping below T=0°C, i.e. below the cryoscopic temperature, a part of water of
cow milk and camel milk is frozen [5]. In the refrigeration technology, water that has turned into a solid
state is called frozen. The amount of frozen water is presented as a fraction of its total mass in the product [11].

In accordance with the existing classification of the food products there are available a free and bound
water [3]. At the freezing of camel milk a tightly bound water is not involved in phase transformations.

It is known that at a temperature below of cryoscopic value, free water is gradually transformed into
ice. At the vacuum freeze-drying, in the initial drying period, firstly a frozen part of the free moisture and
then the associated part of the water are outlets. In our opinion, on the base of the foregoing statement, by
using the parameter of frozen water amount, as a parameter that describes the state of water in the drying
process and reveals qualitative changes when camel milk is frozen. Objectively, it is possible to set a
lower limit temperature during a vacuum freeze-drying of camel milk [12].

The purpose of this work is a determination of the lower limit of the freeze-drying temperature by
amount of frozen water in cow milk and camel milk.

Materials and methods

As the study objects, cow milk and camel milk of the “Gulmaira” farm (Turkestan
region, Kazakhstan) were used.

To study of the physico-chemical properties of cow milk and camel milk, the following analytical
devices were applied:

- Water content in milk was determined by the standard method of drying at a temperature of 105 °C.

- pH was measured by the ionomer SCHOTT Instrument Lab 850 (Germany) device.

- For the determination of density, proteins and fats content the Lactan-4 of “Sibagropribor NPP”
(Russia) device was used.

Both milks were frozen in the freezer device at a temperature of —-18 ° C in the
form of a cylinder: diameter 30 mm, height 50 mm. Previously, a thermometer sensor
was installed in the center of the cylinder, fixed on all sides, and then placed in a
refrigerator/

The electronic LCD  thermometer TE-850 brand  was used for the measuring
a temperature.

The amount of water in milk was determined by the standard method of drying in the ALTO
SHAAM VECTOR VMC-H2 3F convection multifunctional oven, according to the GOST 3626-73, until
constant weight at the temperature of 105 ° C.

A quantity of frozen water in the milk was determined by the formula of G.B.Chizhov [2]
that is widely used in practice:

Leryos
t

w=1-—

wherew —a quantity of frozen water at cryoscopic temperature ¢.,.; t— start
temperature, ©°C.

Results and discussion

Physico-chemical properties

The quality of milk depends on its chemical composition, i.e. protein, lipids, lactose, etc. In this
regard, the studies were carried out on the physicochemical properties of cow milk and camel milk. The
results of the physico-chemical properties are shown in Table 1.

Table 1 - Physico-chemical properties of cow milk and camel milk

Neo Indicator Cow milk Camel milk
1 Mass fraction, %:
- dry matter 8,5 12,6
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- fats 3,00 4,38
- proteins 3,10 4,25
- lactose 4,50 4,32
2 Density, kg/m’ 1027 1029
3 pH 6,70 6,80

The obtained results meet the standards for raw milk. The value of dry matter of camel milk is more
than for cow milk. The contents of protein, lipids and lactose in camel milk are high then in cow milk. The
values of density and pH are equal for both milks.

Studyoftheprocessoffreezing cow and camel milk

It was experimentallyfound that a water content in camel milk W = 84.7%, and in cow milk W =
87.0%. Water in both milks can be represented as a medium in that other components are dissolved. Lactic
acid and it salts that contained in water basically form true solutions; proteins and other high-molecular
compounds transform to the colloidal solutions in water. Fats and other poorly soluble compounds form
emulsions when dispersed with water [8]. Based on the above mentioned, it can be concluded that the
composition of cow milk and camel milk have a complex colloidal solution.

The results of the study of the freeze-drying process of cow milk and camel milk are presented in
Figure 1.

Thermogram’s analysis shows that in the freeze-drying process of the cow milk and camel milk there
are three areas of temperature variations. On the first section, both types of milk are not only cooled, but
also supercooled till a cryoscopic temperature. The duration of this period for camel milk is 46 minutes,
and for cow milk is 72 minutes. Further it was observed the isothermal area that has a long duration,
particularly the phase transformation of water into ice. The duration of this second area for camel milk is
70 minutes or in the range from 46 minutes to 116 minutes, and for cow milk is 44 minutes or in the
range from 72 minutes to 116 minutes. As known from the refrigeration technology, the freezing process
is considered as a complete when the centre frozen product temperature reached T=-8°C. In this regard the
third area is a short, and on this stage water containing in camel and cow milk transforms into ice. The
duration of this area for both types of milk is 15 minutes, or in the range from 116 minutes to 135 minutes.
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Figure 1 - Thermograms of the freezing of cow milk (0) and camel milk (A)

The Kinetics dependence of the freezing process of cow milk and camel milk
For a more detailed analysis of the phase transition process of water contained in cow milk and camel
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milk, its freezing thermograms (Figure 1) were differentiated by time, and the dependence of cooling rate
of both milks by time were obtained. The kinetics dependence of the freeze-drying process of cow milk
and camel milk are presented in Figure 2.
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Figure 2 — Kinetics dependence of the freezing process of cow milk (a red curve) and camel milk (a blue curve)
I - cooled and supercooled phase, II - isothermal area and a phase transformation of water into ice,
IIT — ice forming phase

Figure 2 shows availability of an area with a zero cooling rate that corresponding to the isothermal
field of moisture crystallization beginning in cow milk and camel milk. In addition, it can be determined
the end point of the crystallization process of free and bound moisture: it corresponds to the inflection
point on the cooling rate curve (point A) or t=-3°C.

Study of the amount of frozen water in cow milk and camel milk
The following step in our study was a research of the amount of frozen water in cow milk and camel
milk. The obtained results are presented in Figure 3.
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Figure 3 - The amount of frozen water in cow milk (0) and camel milk (A)
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Analysis of Figure 3 shows that in the range from the cryoscopic temperature till -5 °C in the
composition of camel milk, over 70% of the moisture freezes. However, over 80 % of water is frozen in
cow milk. At the subsequent temperature decreasing a dependence on the amount of frozen water by a
temperature for both types of milks have a monotonously increasing behaviour.

For example, in camel milk, at the temperature range from -5 °C till -10 °C 88% of water is frozen,
then at the temperature range from-10 °C till -15 °C, up to 95% of moisture is frozen, and at temperature -
20 °C 96% of water is frozen. In cow milk at the temperature range from -5 °C till -10 °C freezes 91 % of
moisture, then at the temperature range from -10 °C till -15 °C freezes like in camel milk up to 95%
moisture, and at temperature -20 °C 96% of water is frozen.

Based on the above mentioned, it can be concluded that from the point of view of energy savings,
lowering the minus temperature below t=-15 °C is economically unprofitable. Because if it is considered
a refrigeration machine, where a cold is produced, for the lowering of the temperature in one °C, the power
consumption for the production of cold increases for 4,5%.

Conclusion

In the freeze-drying process of cow milk and camel milk, three areas of temperature variations were
identified. The first freezing period for camel milk duration is 46 minutes, and for cow milk is 72
minutes. At the second area the phase transformation of water contained in cow milk and camel milk into
ice is present. For cow milk duration is 44 minutes, i.e. from 72 minutes to 116 minutes, and for camel
milk is 70 minutes, i.e. from 46 minutes to 116 minutes. The third area has a comparably short time for
both milks, and the weakly bound water completely transforms into ice. The duration of this area for both
types of milk is 15 minutes, i.e. from 116 minutes to 135 minutes.

The kinetics dependence of the freeze-drying process indicates the inflection point of the cooling rate
at the temperature t=-0,5°C. The study of patterns of the freeze-drying process shows the major part of the
water contained in the cow milk and camel milk, frozen till a temperature of t=-10 °C. From the point of
view of energy savings, lowering the minus temperature below t=-15°Cis economically
disadvantageous. Therefore, in the case of using of vacuum - freeze drying process of cow milk and camel
milk, the lower limit of the sublimation temperature, a temperature of -13 °C ...- 15 °C is recommended.
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CUBIP MEH TYHE CYTIHIH M¥3JATYHBIH OHTAWJIBI TEMIIEPATYPACHI

AnHotauust. CUBIp CYTi MEH Tyie CYTiH My3[aTy Ke3iHIe TeMIepaTypaHbIH ©3repyiHiH YII aiiMarbl aHBIKTAIIIbL.
Aran ailiTkaHna, OipiHII Ke3eH1e CYTTIH €Ki Typi Jie CalKbIHAAThUIA b, CO/IaH KEHiH aca CalIKbIHIAThUIAIbI )KOHE 0/1aH opi
MY3 KpUCTAIAaphIHBIH Maiina Oomy mporeci xypexmi. ExiHmi yuyackeae M30TEpMHSIIBIK aiiMak OaiKajblll, CyIbIH My3Fa
(hazanbIK aliHamybl Oalikanael. YIIIHIII K€3€HIE CUBIP XKOHE TyHe CYTiHeri aici3 OalinaHbICKaH Cy TOJBIFBIMEH MY3Fa OTTI.
KaTpim KanraH bUIFaJd MOJILEPiHIH ©3repy CHIATBIH 3epTTey Herizinge muHyc T=-15°C Temmeparypanma CYTTIH eKi
Typiepinae 6onateiH cyabiH 95% - naH acTaMbl My3JaThUIa/Ibl XKOHE TEMIIEPAaTYPaHbIH OJaH opi TOMEHJEYi OipKaJIbINThI
a3pIpaK OCIN Kele jKaTKaH CUITaTKa ue Oomapl. JleMek, CHBIp CYTi MeH Tyie CYTiH My34aTy Ke3iHIe SHEPrHsHBI YHEMJEY
&KoHe OacTamKbl KacUeTTepiH OapbIHINA CaKTay TYPFBICBIHAH CyOIMMAalusi TeMIEepaTypachlHbIH OHTAMIIbI AMANa3OHbI
YCHIHBUIIBL.

KinT ce3aep: cyT, My31aTbUIFaH bUIFaJl, H30TEPMUSUIBIK IIPOLIECC, EPKiH JKoHE OalIaHBICKAH Cy.
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OIITUMAJIBHASI TEMIIEPATYPA 3AMOPAKUBAHUSA KOPOBBEI'O MOJIOKA

H BEPBJIIOKBEI'O MOJIOKA
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AHHoTauus. B npouecce 3aMopakuBaHUs KOPOBBETO MOJIOKA M BepPOIIIOKBEr0 MOJIOKA ObUIM BBISBIICHBI TP 001aCTH
W3MEHEHHUS TeMIIepaTypbl. B 4acTHOCTH, B NEPBBII MepHoa 00a THIA MOJIOKA OXJIaXKIAIOTCS, 3aTeM IEPEOXIIaXIatoTCs U
Jlanee MPOUCXOJUT Ipoliecc 00pa30BaHUs KPUCTAIOB ibaa. Ha BTopoM ydacTke HaOuofanach U30TepMuyeckas o0acTs,
W TIPUCYTCTBOBAJIO (ha30BOe MpeBpalleHne BoAbl B Jyied. Ha Tperbem drame ciaaOocBsi3aHHAs BOJAA, COAEPIKALIAsCS B
KOPOBBEM MOJIOKE U BepONIOKBEM MOJOKE, MONHOCTBbIO Hepexoamna B jeld. Ha ocHoBaHMM M3ydeHMs XapakTepa
M3MEHEHUH KONMYeCTBa 3aMep3Ilell BIark ObUIO YCTAHOBIICHO, UTO IpH Temreparype Mmunyc T=-15°C Gonee 95% Bompl,
cozeprKamielicss B 000MX THIIAX MOJIOKA, 3aMOPAXMBAETCs, U JajbHEHIIee CHIDKCHHE TeMIIepaTypbl HMEN0 MOHOTOHHO
HE3HAUUTEJIbHO Bo3pacratoiiee nosezeHue. CrienoBaTenbHO, ¢ TOYKH 3PEHHS SKOHOMHUM SHEPrHH M MaKCHMAlIbHOTO
COXpaHEHHUS IEPBOHAYAIBHBIX KaUueCTB, IPH 3aMOPAKUBAHNH KOPOBLETO MOJIOKA U BEPOIIOKBEr0 MOJIOKA, PEKOMEH Ty eTCs
ONTUMAJIBHBIH MaNla30H TeMIIEpaTyp cyOnuMaruu.

Ki1ioueBble cj10Ba: MOJIOKO, 3aMOPOKEHHas BJara, N30TePMUIECKHUH IpoIecc, CBOOOIHAS U CBSI3aHHASI BOJA
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CATHODE RESTORATION OF SELONIUM ANIONS WITH
THE FORMATION OF ITS POWDERS

Abstract. The article shows the possibility of obtaining selenium powders by cathodic reduction of its anions in
acidic and alkaline solutions. It has been established that in alkaline medium it is impossible to obtain selenium
powders by reducing selenite ions. However, it is shown that selenium powders can be obtained by cathodic
reduction of these ions in a sulfate medium.The main results of the conducted research are the production of
selenium powders by cathodic reduction of “hardly recoverable”, and cathode “non-renewable” selenite-ions and
determination of the regularities of this process.

It has been shown for the first time that in sulfate solutions in the presence of titanium (IV) ions by cathodic
reduction of selenite-ions, selenium powders can be obtained. The effect of the concentration of titanium (IV) ions,
selenite-ions, and cathode current density on the formation of selenium powders was studied.It has been established
that in the absence of titanium (IV) ions, selenium powders are not formed, and at their concentration equal to 5.0 g/1,
the current yield for selenium powder formation reaches 70%. It has been proven that titanium (IV) ions have a
catalytic effect on the cathode formation of selenium powders. It is shown that the formation of selenium powders
proceeds in two stages, i.e. consists of an electrochemical and chemical reaction, namely, tetravalent titanium is
reduced at the cathode to the trivalent state.It has been established that the titanium (III) ions formed in this case
interact in the cathode space with selenium (VI) anions, reducing them to elemental selenium as an ultrafine powder.

It is shown that an increase in the current density at the cathode leads to a decrease in the current efficiency for
the formation of selenium powders. With an increase in the concentration of selenite-ions, the yield of selenium
powders increases.It is established that with selenium (VI) concentration equal to 10.0 g/, the yield of selenium
powder formation is 68.1%, and at 30 g/l - 94.9%.The shapes and sizes of the obtained selenium powders were
determined using an electron microscope.

Keywords: selenium powder, selenite and selenate ions, sulphuric acid, electrolysis, cathode, current output.

Introduction. The electrochemical properties of selenium ions in aqueous media are studied in detail
[1-10].

Selenium powders can be obtained by the reduction of selenium ions with sulfur dioxide [11]:

stCO3 + 2S02 + HzO — Sei + 2stO4 (l)

Sulfur dioxide (SO,) is a toxic gas so this method is not widespread.

In our first study, we considered the possibility of obtaining selenium powders by the reduction of
tetravalent selenium ions in an alkaline medium. According to the literature, selenite ions can be reduced
according to the following cathodic reactions in an alkaline medium [12, 13]:

Se0;” + 3H,0 + 4e — Se° + 6 OH ()
Se0;” + 3H,0 + 6e — Se* + 6 OH (3)

From the literature, the newly formed element reacts with hydroxide ions at the moment, and a
disproportion reaction occurs [14]:

3Se® + 60H — 2 Se” + SeOs” + 3H,0 4)

According to these data, selenite ions can be reduced at one stage simultaneously to selenide-ions or
elemental selenium.
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Procedure of work execution. In our initial studies, electrolysis was carried out in a solution
containing 15 g/l of selenium (IV) ions and 40 g/l of NaOH. The electrolysis was carried out by a 100 ml
electrolyzer and an unseparatedintereclectrode space. Titanium was used as a cathode, non-oxidizable iron
electrodes (IX18H10T) were used as an anode.

The results of electrolysis at a current density of 50-350 A/m” on the electrodes showed that selenium
powders did not form at the cathode, mainly the formation of red-brown polyselenide-ions.

The restoration of the cathode in an alkaline medium by six valence selenate ions (SeO42') was also
investigated. The electrolysis results show that this ion is not recovered.There was no formation of
selenium powders in the cathode, and the color change of the electrolyte did not occur in the cathode
space.

Since the main goal of our research is the production of selenium powders, we did not consider it
necessary to continue research further.

Subsequent studies of selenium powders were carried out in a solution containing sulfuric acid and
tetravalent selenite-ions.Our preliminary studies have shown that selenium powders are formed on the
cathode in an acidic environment.

The presented studies were carried out in the above-mentioned electrolyzer only when using a
graphite electrode as an anode.Our subsequent studies showed that cathodic reduction of hexavalent
selenium ions (SeO*>) does not occur in a solution with sulfuric acid, and adding titanium (IV) ions to the
electrolyte, it was found that the formation of ultrafine selenium powders takes place at high speed.

Theoretical. According to the literature, hexavalent selenium ions can be reduced by strong reducing
agents only in alkaline media at temperatures above 200 °© C and only at high pressures. Hydrogen,
sulfides, elemental sulfur or organic reducing agents are used as reducing agents.[11-13]. In acidic
environments by boiling the selenium ion to the tetravalent state in concentrated hydrochloric acid, and
then gaseous sulfur dioxide restores to the elemental state. In this case, the recovery of six valence
selenium ions occurs in two stages[11]. These processes significantly aggravate the working
condition.Since this is a very complex process, the above steps are not available for the production of
elemental selenium from six valence selenium ions.

However, the selenate ions with an octahedral shape are surrounded by oxygen atoms (shielded) that
cannot penetrate into the double electrode layer on the cathode surface, which leads to kinetic difficulties.
Information on the non-recoverability of selenate ions in the cathode is given in the literature.[1, 11-13].

From the point of view of thermodynamics, selenate ions should be restored at the cathode, and their
standard potentials are given below:

Se0,*" + 3H" + 2e — HSeO; + H,0O E°=+1.075V (5)
HSeO; + 5H' + 4e — Se + 3H,0 E°=+0.77V (6)
Se0,” + 8H" + 6e — Se + H,0 E°=+0.877 V (7)

The current output for the formation of selenium powder is determined depending on its weight.
During electrolysis, the formation of red was found dispersed amorphous selenium on the surface and area
of the cathode.

The effect of the concentration of sulfuric acid and titanium (IV) ions, as well as the effect of the
current density of cathode electrodes in the solution on the current output for the formation of selenium
powders was investigated.

Experimental. The results of the study showed that tetravalent titanium ions have a significant effect
on the current efficiency of the direct reduction of selenium powder with selenate ions.For example, when
the current density on the cathode electrode is 100 A/m* and the concentration of titanium in the solution
is 2.5 g/l, then the current for the formation of selenium powder will be 44.1%, at 5.0 g/l - 68.5%, and at
10 g/l will be equal to 79.8%. Table 1 shows the effect of current density on the current output of selenium
powder.

— 26 ——
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Table 1 -Influence of titanium (IV) ions present in the solution on the formation of selenium powders:
Se (IV) = 10 g/1, H,SO, — 100 g/1, i, = 100 A/m?, t = 1 hour

Ti (IV), g/l 0.5 1.0 2.5 5.0 7.5 10.0
Current output, % 209 30.5 44.1 68.5 72.1 79.8

If we take into account that the value of selenium ions (VI) is lower than the value of the limiting
current - at 100 A/m* completely restores selenium powders. This phenomenon indicates that selenium
(VI) ions are not restored on the cathode surface in a direct way, and their recovery occurs with the help of
intermediate titanium (III) ions.Consequently, titanium (I'V) ions can be reduced to three valence states at
the cathode, and then the subsequent reduction of the selenite-ions to selenium powder is observed.

With an increase in the concentration of sulfuric acid in the solution (in the presence of titanium ions),
a slight decrease in the current yield of selenium powder is observed.

The increase in cathode current density leads to a decrease in the current for the formation of
selenium powders (Fig. 1), this phenomenon can be explained by an increase in the proportion of
hydrogen gas in the cathode layer, and it can be traced by the smell of hydrogen sulfide at high cathode
densities. However, it was found that when the cathode current density is 50-175 A/m’ and the
concentration of selenium (VI) ions exceeds 10 g/, the formation of hydrogen gas does not occur.

current yield, %

100 4

0 100 150 200 250 300 i, K A/M?
Se (VI) - 10 g/l, H,S0, - 100 /L, Ti (IV) - 5 g/1

Figure 1 —The effect of cathode current density on the current output for the formation of selenium powder

Changes in the concentration of selenium ions in solution have a significant effect on the current
efficiency of the formation of selenium powder at the cathode. For example, while the current density is
100 A/m” and the concentration of selenium ions is 5 g/l, the current efficiency will be 45.5%, and at 10
g/l it will be 68.1%, at 30 g/l it will be 94.9%. Figure 2 shows the effect of the current density on the

titanium cathode on the current efficiency for the formation of selenium powder.
current yield, %

100 4

Se (VD). r/n

0 5 10 15 20 25 30
Ti (VI) - 5.0 g/l, i, — 100 g/1, H,SO, — 100 g/l

Figure 2 — The effect of the concentration of selenium (VI) ions in solution
on the current output for the formation of selenium powders
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The aforementioned research results show that in the presence of titanium (IV) ions in solution,
hexavalent selenium ions cause a direct reduction of their own powders.This phenomenon can be
explained by the catalytic effect of the Ti (IV) —Ti (III) redox system.

Tetravalent titanium ions are reduced at the cathode to trivalent:

TiO* + e +2H" — Ti " + H,0 E°=-0,04V ®)

According to the literature [15], the standard potential of the Se (VI) -Se system is +0.86 V, and Ti
(IV) -Ti (I11) is +0.04 V.

Titanium (III) ions react with selenite-ions in the cathode region, and as a result of the redox reaction,
selenium powder is formed:

6Ti*" + Se0,” + 2H,0 — Se° + 6TiO*" + 4H" 9)

As a result, tetravalent titanium ions are regenerated, then they are re-reduced at the cathode to the
trivalent state and restore selenium (VI) ions in the cathode region. This process is repeated
cyclically. Therefore, in this case, the reduction of selenate ions to selenium powders is a catalytic process.
In our earlier works, we mentioned that titanium (IV) ions act as a catalyst in the formation of copper
powders.[16-22].

The shape and size of selenium powder obtained by electrolysis were obtained using electron
microscopy (JSM-6610 LV).The results of the study showed the formation of selenium powder in its
mostly round shape, not exceeding 1-2 microns in size. No significant changes are observed in the shape
and size of selenium powders formed on the cathode at a current density in the range of 100-150 A/m’.

SEl 20kV WD11mm SS20 x30,000 0.5um SEl  20kV WD11mm SS20 x10,000 1pm
Sample 10797 28 Mar 2019 Sample 10799 28 Mar 2019

SElI  20kV WD12mm S§S520 x10,000 1pm —_— SEl  20kV WD12Zmm  SS20 x25,000 1pm
Sample 10814 28 Mar 2019 Sample 10813 28 Mar 2019

b b’

Se (VI) — 10g/1, H,SO4 — 100 g/l, Ti (IV) — 5.0 /1, T =1hour
a, a -i=100 A/m?; b, b - i=150 A/m>

Figure 3 — Micrographs of selenium powder obtained by reducing selenate ions
at the cathode in the presence of titanium (IV) ions
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ISSN 2224-5286 3.2019

In conclusion, we showed for the first time that selenium ions “non-reducible” at the cathode are
reduced in the presence of titanium (IV) ions, and we also obtained pink amorphous selenium powder.
Titanium (IV) ions have been shown to have a catalytic effect. Under optimal conditions, it was found that
the current for the formation of selenium powder exceeds 90%.

00X 541
A. BaeumBl, Y.A. AdbayBasineBa 1, A.K. baemoBa 2, M. Kyobanbic 3

lZ[.B.COKOJH,CKI/HZ aTeiHaFbl JKaHapMai, KaTallu3 )KoHE 2JEKTPOXUMUS UHCTUTYTHI, AnmaTel, Kazakcran;
*On-Mapabu ateiaaars: Kasak yiTThiK yHHBepcHTeTi, AnMathl, Kasakcran;
3 AGait aTeIHAAFbl Ka3ak YITTHIK IMeJaroruKanblK YHUBepcuTeTi, Anmatel, Kazakcran

CEJIEH AHUOHJIAPBIH KATOATA TOTBIKCBI3JAH/IBIPY APKBIJIbI
OHbIH YHTAKTAPBIH AJTY

AHHOTauMA. Makanaga KbpIIIKBUIAB! JKOHE CUITUII epiTiHAUIepAe celieH aHMOHJAPhIH KaTOATH TOTHIKCHI3IAaH-
JIBIPY apKbUIbl CEJIEH YHTAKTapblH ajly MYMKIHIIUTIKTEpi kepcetinred. CiITili opTaja CelleHUT-UOHAAPBIH TOTHIK-
CBI3JIAHIBIPY apPKBUIbI CEJIEH YHTAaKTapbhlH alyra OONMaWTBHIHIBIFEI KepceTuireH. Al 00ipak Oyl MOHAApHbl KYKipT
KBIIIKBUIBI  €PITIHAICIHAE KATOATHI TOTHIKCHI3NAHABIPY apKbUIBI CEJICH YHTAKTapbhIH ayFa OOJATBIHIBIFBI
aHbIKTaFad. JKYpri3ireH FeUIBIMH 3€pPTTEYNEPiH HETi3ri HOTW)KEJEepiHAe KUBIH TOTBHIKCHI3NAHATHIH, all KaTOATHI
«TOTBIKCBI3IAHOANTHIH» CEIICHAT-UOHAAPHIH KATOATHI TOTHIKCBHI3JAHIBIPY AapKBUIBI CEJICH YHTAKTapbhlH —airy
MYMKIHIIUTIKTEpPi KOPCETUTiN, OyJI IPOLECTIH 3aHIbIIBIKTAPH] aHBIKTAJIFaH.

AnFamr peT ceJeHaT-MOHIAPBIH KYKIPT KBIIIKBUIBL epitiHmiciage tutad (IV) moHmapbl KaTBHICBIHAA KAaTOATHI
TOTBIKCBI3IAH/IBIPBIIT CEJICH YHTAKTAPBIH alyFa 00JIaThIH/AbIFbI KopceTiireH. CelleH YHTaKTapbIHBIH TY31Ty MpOIeCciHe
tutad (IV) HOHAAPBIHBIH, CENEHAT-HOHIAPHIHBIH KOHIICHTPALUSIIAPBIHBIH, KATOATAFbl TOK THIFBI3BIFBIHBIH dcepi
seprrenmi. Turad (IV) HOHAAPHI KATHICHIHCHI3 CEJICH YHTAKTApPBIHBIH TY3LIMEHTIHIIr, aa OHBIH Meuepi 5,0 /i
OoiFaH/ia CeleH YHTAKTapBIHBIH TY3UTyiHIH TOK OOWbIHINA IIBIFBIMBI 70 %-Ke KaKbIHAAWTBIHABIFBI AHBIKTAJIIHI.
CeneH yHTarblHBIH KaTOATHI Ty3utyiHae tuTtaH (IV) HOHIApBIHBIH KaTaTUTHKAJBIK ocep KOPCETETiHAIriHe Ke3
seTkiziai. CeneH YHTaKTapbIHBIH TY31Tyi €Ki CTaqusa, SFHUA 3JIEKTPOXUMHUSUIIBIK KOHE XUMUSIIBIK peakuusuiapaaH
KypajaTbIHbl aHBIKTaAAbL. Jlomipek alTaThiH 0O0JIcak, KaToATa TOPT BAJCHTTI THUTAH YVII BaJCHTTIrE ACHiH
TOTBIKCBI3JIAHBIT, KaTox ayMarbiHma ceneH (VI) HMOHAApBIH 3JEMEHTTI YIBTPAIUCIEpPCTI YHTAK TYpiHE ACHiH
TOTBIKCHI3IaH ILIPATHIH IBIFBI AHBIKTAIIBL.

Karonrarbl TOK THIFBI3IBIFBIHBIH ©CYi, CEJCH YHTaKTapbIHBIH TY3UIyiHiH TOK OOHBIHIIA IIBIFBIMBIH
TOMEHJICTETIHAITT KepceTuImi. ANTHl BaJICHTTI CelleHAT-HOHIAPBIHBIH KOHIIEHTPAIMSCHIHBIH OCYiMEH, CelleH
YHTaKTapbIHBIH TY31TyiHiH TOK OOWBIHINA IIBIFBIMBIHBIH OCETIHITI aHBIKTaNAbl. CelleH YHTaKTapbIHBIH TY3UTYiHIH
TOK OofiprHmIa mBIFRIMBL ceneHHiH (V) kornenTpammsce 10,0 r/n 6onranna — 68,1 % 6onca, ax 30 r/a-ne — 94,9 %
TeH OOJaTBIHIBIFBl KOPCETIIII.

AJIBIHFaH CeJIeH YHTAKTapbIHbIH pa3Mepi MeH (popMachl AJIEKTPOH/IbI MUKPOCKOTI apKbLIbI aHBIKTAJIJIBL.

TyiiiH ce3aep: celeH YHTarbl, CENEHHUT-, CEJICHAT-MOHIAPbl, KYKIPT KBIIIKBUIBL, 3JEKTPOJIU3, KaTOMA, TOK
OOMBIHIIIA IIBIFBIM.
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KATOJHOE BOCCTAHOBJIEHUE AHUOHOB CEJIEHA
C OBPA3OBAHHUEM ETO ITIOPOIIKOB

AunHoTanusi. B crarbe nmokazana BO3MOXHOCTh MMOJyYEHHsI TOPOIIKOB CEJIEHa KATOAHBIM BOCCTAHOBIIEHHEM €r0
AHMOHOB B KHUCIIBIX M IIEJOYHBIX PACTBOpax. Y CTAHOBJEHO, YTO B MIEJIOYHON Cpele HEBO3MOXHO IOJyYHTh
MOPOIIKH CeJIEHA BOCCTAHOBJIEHHEM CEJICHUT-HOHOB. OHAKO MOKa3aHO, YTO IYyTEM KAaTOJHOTO BOCCTAHOBIICHHUS
9TUX MOHOB B CEPHOKHUCIION Cpelle MOXKHO MOJYyYUTh MOPOUIKH cesieHa. OCHOBHBIMHU PE3yJIbTaTaMU MPOBEACHHBIX
HAYYHBIX  KCCIICJIOBAHUM  SIBISIETCS  TOJIydeHHE  MOPOMIKOB  CEleHa  KATOMHBIM  BOCCTAHOBJIEHHEM
«TPY/ZIHOBOCCTAHABIIMBAEMBIX», 4 KATOJHO «HEBOCCTAHABIMBAEMBIX» CEJIEHAT- HWOHOB H  OIpeJelicHHe
3aKOHOMEPHOCTEH JIaHHOTO TpoIecca.
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BriepBble 1OKa3aHO, YTO B CEPHOKHCIBIX pacTBOpax B NpHUCYTcTBHMHM unoHOB TuTaHa (IV) kaTomHbIM
BOCCTaHOBJICHHEM CEJICHAT-HOHOB MOXKHO MOIYYUTh MOPOIIKH ceneHa. MccnenoBano BIMsSHIE KOHICHTPAILMN HOHOB
tutana (IV), ceneHaT-nOHOB, KATOAHOW IUIOTHOCTH TOKA HA MPOIIECC 0Opa30BaHMUs MOPOIIKOB CelIeHa. Y CTAHOBIICHO,
9TO B OTCYTCTBHM MOHOB TUTaHa (IV) mopomiku cenena He oOpa3yroTcs, a IpU X KOHLEHTpAIwH, paBHo# 5,0 /i,
BBIXOJl [0 TOKY 0Opa3oBaHMS IOPOIIKOB cesieHa nocturaer 70%. JlokasaHo, 4ro Ha KarogHoe (opMupoBaHue
MOpOIIKOB cejieHa WOHBI THTaHa (IV) oka3pIBarOT KaTamuTuUdeckoe aeiictBue. IlokazaHo, 4TO 00pa3oBaHHE
MOPOILKOB CeJieHa MPOTEKAaeT B JBE CTaJWH, T.€. COCTOUT M3 IJIEKTPOXUMUYECKOW M XUMHYECKOH peakiuu, a
MMEHHO, YeTHIPEXBAJICHTHBII TUTaH BOCCTAHABIIMBAETCS HA KATOJAE A0 TPEXBAJIEHTHOI'O COCTOSIHUS. YCTaHOBJIEHO,
4yT0 00pa3zoBaBUIKecs pU 3ToM HoHbI THTaHa (I11) B3anMoaeHCTBYIOT B KaTOJTHOM ITPOCTPAHCTBE C AaHMOHAMH CeJIeHa
(VI), BoccTaHaBnMBast MX JI0 JIEMEHTHOT'O CEJIEHa B BHJIE YJIBTPAIUCIIEPCHOTO MOPOIIKA.

[TokazaHo, 4TO yBeJIMYEHHE IUIOTHOCTH TOKa HA KaToJie IPUBOANUT K CHIDKEHHUIO BBIXOJA 110 TOKY 00pa3oBaHMs
nopoikoB ceneHa. C Bo3pacTaHWEM KOHIGHTPALMU CEJICHAT-MOHOB IPOMCXOIUT IIOBBIIICHHE BBIXOJa IO TOKY
00pa3oBaHUs MOPOIIKOB CelieHa. Y CTAaHOBJIEHO, YTO NMpH KoHIeHTpanuu ceneHa (VI), pasroit 10,0 r/m BRIXOA 1O
TOKY 00pa30BaHHMs TOPOILIKOB cenieHa coctaBisieT 68,1%, a mpu 30 1/m — 94,9%. @opMsl U pa3Mepbl MOIYIEHHBIX
MOPOIIKOB CEJICHA OMPEIENIEHBI C TIOMOIIBIO 3IEKTPOHHOT'O MUKPOCKOTIA.

KaroueBble c10Ba: IOPOIIOK CENIEHA, CEJICHUT-, CEJICHAT-UOHBI, CEPHAs KMCIIOTA, JJIEKTPOJIN3, KaTO/, BBIXO 110
TOKY.

Information about authors:

Bayeshov A.B. - Chief Researcher, Doctor of Chemical Sciences, Laboratory of electrochemical technology, JSC “D.V.
Sokolsky Institute of Fuel, Catalysis and Electrochemistry”, Institute of Fuel, Electrochemistry and Catalysis named after DV
Sokolsky, Almaty, Kazakhstan. Tel: 87017605635, e-mail: bayeshov@mail.ru, Orcid: 0000-0003-0745-039X;

Abduvaliyeva U.A. - Senior Researcher, Candidate of Chemical Sciences, Laboratory of electrochemical technology, JSC
“D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry”, Institute of Fuel, Electrochemistry and Catalysis named after
DV Sokolsky, Almaty, Kazakhstan. Tel:87789503622, e-mail: abdumidal4@gmail.com, Orcid: 0000-0002-9368-4813;

Bayeshova A.K. - Doctor of Chemical Sciences, Al-Farabi Kazakh National University, Almaty, Kazakhstan. Tel:
87079063274, e-mail: azhar_b@bk.ru Orcid: 0000-0002-9076-8130;

Zhubanys M. — PhD- doctoral student, Kazakh National Pedagogical University named after Abay, Almaty, Kazakhstan.
Tel:87763076072, e-mail: madina.jubans@mail.ru, Orcid: 0000-0002-6519-6601

REFERENCES

[1] Baeshov A., Zhurinov M.Zh., Zhdanov S.I. (1989) Electrochemistry of selenium, tellurium and polonium.
[Jelektrohimija selena, tellura i polonija] Science KazSSR [Nauka KazSSR] P.172. (in Russian).

[2] Baeshov A., Daribaev Zh.E., Baeshova A.K. (1999) The method of obtaining elemental selenium [Sposob poluchenija
jelementarnogo selena] Provisional patent of the Republic of Kazakhstan Ne 7299 from 11.07.97 published in the bulletin Ne 3. (in
Russian).

[3] Baeshov A., Sarbaeva K.T., Baeshova S.A. i dr. (2007) The method of producing sodium polyselenide [Sposob
poluchenija poliselenida natrija] Provisional patent of the Republic of Kazakhstan Ne 18451 from 17.10.05. Published in the
bulletin Ne 5. (in Russian).

[4] Baeshov A., Sarbaeva K.T., Baeshova S.A., Zhurinov M.Zh. (2007) The method of obtaining sodium selenite [Sposob
poluchenija selenita natrija] Provisional patent of the Republic of Kazakhstan Ne 18325 from 13.09.05. Published in the bulletin
Ne 3. (in Russian).

[5] Baeshov A., Serazitdinova G., Baeshova S.A. i dr. (2007) The method of producing sodium polyselenide [Sposob
poluchenija poliselenida natrija] Provisional patent of the Republic of Kazakhstan Ne 18452 from 17.10.05. Published in the
bulletin Ne 5. (in Russian).

[6] Baeshov A., Baeshova A.K., Buketov E.A. (1985) Anodic behavior of selenium (VI) in solutions of lithium, sodium, and
potassium hydroxides [Anodnoe povedenie selena (VI) v rastvorah gidroksidov litija, natrija, kalija] Non-ferrous metallurgy,
University news. [Cvetnaja metallurgija, Izv. VUZov]. Ne 2, P.66-69. (in Russian).

[7] Bayeshov A., Ivanov N., Myrzabekov B. (2014) Electrochemical behavior of Selenium as Part of Composite Electrode in
Sulfuric Acid Medium. Journal of Advances in Chemistry, Vol.7, Ne3. P.1378-1385. DOI: https://doi.org/10.24297/jac.v7i3.2373
(in English).

[8] Speranskaja E.F. (1967) Polarographic recovery of selenites and tellurites on amalgam drip electrodes.
[Poljarograficheskoe vosstanovlenie selenitov i telluritov na kapel'nyh amal'gamnyh jelektrodah] Electrochemistry
[Jelektrohimija] T. 3, V.2. P.1405-1507. (in Russian).

[9] Baeshov A., Kozhakov B.E., Buketov E.A. (1984) Electrocatalytic reduction of selenium (VI) in hydrochloric acid
[Jelektrokataliticheskoe vosstanovlenie selena (VI) v soljanoj kislote] Reports of the Academy of Sciences of the USSR. [DAN
SSSR], T.278, Ne 3, P.646-650. (in Russian).




ISSN 2224-5286 3.2019

[10] Baeshov A., Bejbitova A.D. (1986) Electrochemical reduction of selenite and selenate ions in hydrochloric acid
solution [Jelektrohimicheskoe vosstanovlenie selenit- i selenat-ionov v soljanokislom rastvore] Physical and chemical bases of
mineral processing in Kazakhstan. [Fiziko-himicheskie osnovy pererabotki mineral'nogo syr'ja Kazahstana] Alma-ata. P.271-276.
(in Russian).

[11] Chizhikov D.M., Schastlivyj V.P. (1964) Selenium and selenides [Selen i selenidy] Moscow: Science [M.: Nauka] P.56
(in Russian).

[12] Grejver T.N., Zajceva 1.G., Kosover V.M. (1977) Selenium and tellurium [Selen i tellur] Moscow [M.] 296 p. (in
Russian).

[13] Kudrjavcev A.A. (1968) Chemistry and technology of selenium and tellurium [Himija i tehnologija selena i tellura]
Moscow [M.] 339 p. (in Russian).

[14] Buketov E.A., Ugorec M.Z. (1975) Hydrochemical oxidation of chalcogens and chalcogenides. [Gidrohimicheskoe
okislenie hal'kogenov i hal'kogenidov] Alma-Ata. —326 P. (in Russian).

[15] Handbook of Electrochemistry edited by A.M. Suhotin [Spravochnik po jelektrohimii. Pod red. A.M. Suhotina],
L.Himija (1981), 488 p. (in Russian).

[16] Baeshov A., Kozhakov B.E., Buketov E.A. (1982) The method of producing copper powder [Sposob poluchenija
poroshka medi] USSR author's certificate Ne 1082066 from 12.07.82. (in Russian).

[17] Baeshov A., Dauletbaev A.S., Baeshova A.K. (2010) Electrochemical method of producing copper powder
[Jelektrohimicheskij sposob poluchenija mednogo poroshka] Innovative patent of the Republic of Kazakhstan Ne 22669 from
24.06.09. Published in the bulletin Ne7. (in Russian).

[18] Baeshov A., Gaipov T.Je., Baeshova A.K. (2018) The method of obtaining ultrafine copper powders [Sposob
poluchenija ul'tradispersnyh poroshkov medi] Patent of the Republic of Kazakhstan for a utility model Ne 3364 from 04.07.18. (in
Russian).

[19] Baeshov A., Kozhakov B.E., Buketov E.A., Kremko E.G. (1984) Electrochemical production of copper powder
[Jelektrohimicheskoe poluchenie mednogo poroshka] Collection of works in chemistry [Sbornik rabot po himii], V.8, Alma-Ata,
P.283-290. (in Russian).

[20] Baeshov A., Piskova N.I., Dospaev M.M. (1988) Cementation of copper (II) from sulphate solutions in the presence of
titanium (IV) [Cementacija medi (I) iz sernokislyh rastvorov v prisutstvii titana (IV)] In the book: Collection of Chemistry [V
kn.: Sbornik po himii], Alma-Ata, V. IL.-P. 144-148. (in Russian).

[21] Bayeshov A., Gaipov T.E. etc., (2018) Production of nano- and ultrafine copper powders by cementation of copper (II)
ions by trivalent titanium ions/ News NAS RK, a series of chemistry and technology, Ne 6. P. 87-95.
DOl.org/10.32014/2018.2518-1491.30 (in Eng).

[22] Bayeshov A., Myrzabekov B.EH., Kolesnikov A.V. (2018) Patterns of formation of dispersed copper powders in the
electrolyte volume when using a copper anode in a solution of sulfuric acid containing titanium (IV) ions/ News NAS RK, a series
of chemistry and technology. Ne 6. —P.96-101. DOl.org/10.32014/2018.2518-1491.31 (in Eng).




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 https://doi.org/10.32014/2019.2518-1491.26
Volume 3, Number 435 (2019), 32 — 37

UDC 541.128
Zh.K. Kairbekov', A.S. Maloletnev’, .M. Jeldybayeva'® *, D.Z. Abilmazhinova’

'SSE Research Institute of New Chemical Technologies and Materials, Almaty, Kazakhstan;
Moscow Mining Institute NITU MISiS, Moscow, Russia;
*Kazakh State Women's Pedagogical University, Almaty, Kazakhstan;
abilmazhinova.1985@mail.ru

DATA ON ANTIOXIDANT ACTIVITY OF HUMIC SUBSTANCES
OF LOW-MINERALIZED SLUDGE SULPHIDE MUD (PELOIDS)
AND THEIR CLASSIFICATION
(Review)

Abstract. In this work, an overview of the antioxidant activity of humic substances of low-mineralized sludge
sulphide muds (peloyds). Though these substances show the greatest biological and therapeutic activity, in
comparison with similar substances of other sources (keonardits, coals, etc.) they are insufficiently studied. Formed
in the reduction conditions, molecules of humin substances mia low-mineralizedof silt sulphidic mud possess a
unique structure, and excludes a possibility of education in the course of receiving carcinogenic the alkilnic the
halogenderivants and thereof urgent is a research in given the directions.

Key words: antioxidatic properties, activity, humin substances, peloida.

Peloid therapy or mud cure is one of the earliest methods of therapy using natural components, which
have the biggest adaptogene potential Being customary stimulants, they have an expressed curative
influence [1,2].

The peloid therapy can be considered as a unique method for sanitation, since the range of deceases,
on which it has positive influence, is quite wide [3]. Peloids have immunomodulatory effect, they cause
natural adaptive reactions of human body [4,5], produce anti-inflammatory, desensitizing, antineoplastic
[2,6,7], anaesthetic and absorbable effect, improve hemodynamics and lymphdynamics, reduce the activity
of exudative and infiltrative processes, soften commissural structures [9]. The mud cure is applied when
treating various pathologies: arthritis, respiratory illness, dermatological deceases, gastrointestinal
problems, gynaecological deceases, trophic ulcers, hepatitis, inflammatory diseases of lungs, paradontium
[10].

The therapeutic effects of mud are based on the combination of actions of closely related thermal,
mechanical, chemical and biological factors. Depending on physical and chemical composition of the
mud, the severity of the biological reactions of each of them is different. The literature sources describe
studies devoted to the study of the peloid composition, but they all characterize mineral component of the
mud, and almost do not include functional ability of the organic component. The insufficient knowledge
of the organic substances of peloids caused their underestimation in the mechanism of effect on the body
[11].

The peloids are divided into the following groups basing on the content of organic substances: peat,
sapropelic, sludge sulphide [12]. A number of studies [10] has showed a high biological effect of sludge
sulphide mud, which is associated with the components of the composition of the organic fraction. E

Sludge sulphide mud are dividing into the following categories basing on the content of sulphides:
weakly sulphide (0.01-0.15 % of wet mud), medium sulphide (0.15-0.5 %), heavy sulphide (exceeding
0.5 %). Depending on the salinity of mud solution, low-mineralized (1.0-15.0 g/l), medium-mineralized
(15.0-35 g/1), highly mineralized (35-150 g/1), saline-saturated (exceeding 150 g/1) sulphide muds [13] are
distinguished.

— 3 ——
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The therapeutic significance of sludge sulphide mud is related to high viscous-plastic and thermal
properties, content of large amounts of sulphides (exceeding 0.2 %) and organic substances
(approximately 5 % on dry basis), including humic acids and their salts, lipids and hemicellulose, and
presence of vitamins, enzymes and hormones [14]. Groups of nonspecific and specific compounds are
distinguished from the composition of organic substances of peloids. Non-specific compounds include
lipids, carbohydrates, amino acids, enzymes, keratinoid pigments, vitamin complexes, and others [10, 15-
17].

A higher content of organic substances in peloids is represented by specific organic components —
humic substances [16, 18, 19], which content is equal to 45-90 %.

Scientists of all countries are making attempts to isolate and study properties of organic components
of peloids to use them independently as biologically active natural compounds and introduce them into
public health practice. The study of fractions of humic substances of peloids: himatomelanic, humic,
fulvic acids is a considerable interest for creating innovative pharmacotherapeutic drugs based on them,
including those with high antioxidant activity [20-24].

Humic substances are a combination of biothermodynamically stable compounds that form, plant and
animal residues having no analogues in living organisms in the process of decomposition and
biotransformation, which are distinguished by dark color, polydispersity, high molecular weights [25-27].
All humic substances are formed as a result of the postmortal transformation of organic humification
residues, process of transformation of decomposition products having different composition and origin of
organic residues into humic substances [28].

The difference of this group of natural organic substances from others lies in their pestoichiometric
structure and stochastic nature related to the peculiarities of formation resulting from the selection of
biothermodynamically stable structures. The variaty of molecular forms of humic substances is
determined by the mechanism of biochemical reactions that accompany formation and conditions of
geochemical transformation [28, 29].

Classification of humic substances is based on various solubility of these substances in acids and
alkalis. According to this classification, they are divided into the following fractions: fulvic,
himatomelanic, humic, humus acids and humin-conglomerate of esters of acids and their organo-mineral
sorption complexes with clay minerals, insoluble in most solvents [28-30].

Humic acids are insoluble at pH <2, in a dissolved state they have a dark brown colour, in dry state —
black powder or flakes [27]. They consist of aromatic core and peripheral part formed by specific chains.

The himatomelanic acids are an alcohol-soluble fraction, which have a cherry-red colour in solution
and were first isolated in 1889 and described by the German biochemist, doctor Ernst Felix Hoppe-Zeiler
[25].

Fulvic acids are soluble in the whole range of medium acidity, have a variable colour in the range
from straw-yellow to orange colour. They vary from humic and himatomelanic acids by greater oxidation
and lower carbon content, as well as greater hydrophilicity [27].

Humus acids are the sum of humic, hymatomelanic, and fulvic acids. They have more folded,
complex, stochastic structure. Presumably, being supramolecular structures, humus acids are destroyed
during classic fractionation of humic substances. Besides, mechanical mixing of already obtained fractions
following separation does not have the same set of properties, that humus acids have [14, 25].

Free radical activity is a fundamental property of humic substances [31, 32]. Studying the structure of
various natural biopolymers, we can judge the reactivity of the specified substances and their possible
transformations in one or another environment. The nature and properties of stable organic free radicals of
humic substances has been investigated in a large number of works [32-33]. The content of aromatic
structures in the composition of humic substances determines their low solubility in water and high
stability during transformation. Electrophilic substitution reactions occur mainly at benzene nuclei, and
side chain alkyl are primarily subjected to oxidation.

It is known that one of the most important characteristics of humic substances is high content of
paramagnetic centers in them, which presence may be related to free radicals. Presence of paramagnetic
centers increases, if the aromaticity of the humic series compounds increases [26]. Paramagnetism of
hmus acids and their fractions consists of at least three types of paramagnetic components: radicals with a
predominant localization of the unpaired electron on the heteroatomic peripheral groups; high-molecular
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systems with a sufficiently developed poly-conjugation chain with structural defects; as well as complexes
of metals with variable valence [26].

The effect of humic substances on the intensity of biochemical processes is explained by their
participation in reductive-oxidative reactions due to the presence of polyphenolic and quinoid groups.
During the enzymatic oxidation of polyphenols, quinones are generated through seven quinones-type
intermediate compounds [28].

In a similar manner, the electrons of reactive oxygen species and electrons in the molecules of humic
substances are blocked.

The study of the antioxidant activity of humic substances obtained from various sources, today is an
important task. The reductive-oxidative properties of soil humic substances [26], peat [34] under the
influence of various chemical and physical and chemical factors have already been determined. At the
same time, the study of the reductive-oxidative properties of humic substances of peloids is not well
understood. Although these substances exhibit the greatest biological and therapeutic activity, compared
with similar substances of other sources (keonardites, coals, etc.). Formed under reductive conditions,
molecules of humic substances of low-mineralized sludge sulphide have a unique structure, and it
excludes the possibility of generation when obtaining carcinogenic alkyl halogen derivatives. It means that
the research in this field becomes imprortant.

The methods for determining the antioxidant activity are based on the principles of direct or indirect
measurement of the rate or completeness of reaction of antioxidants with appropriate reagents, among
which amperometry and manometry have the greatest interest. For the quantitative determination of
antioxidants, the amperometric method seems to be the most reliable, since it allows directly measuring
the content of all antioxidants in a sample. It is based on the measurement of the electric current that is
generated during the electrochemical oxidation of the investigated substance (or mixture of substances) on
the surface of the work electrode at a certain potential. Under conditions of amperometric detection,
compounds containing a hydroxyl group are well oxidized, the limit of their detection lies in the range of
10°-10"* g, and under favourable conditions, some compounds are determined at a level of 107",

The antioxidant activity of humic acid solutions with various concentrations of 1 %, 0.1 %, 0.01 %,
0.001 % was measured in works [35-39] (Table 1). Quercetin was used as a reference material (C;sH;,0-).
To build an analytical curve of quercetin, recommended as a standard for this device, the All-Russia
Scientific Research Institute of Metrological Service sequentially recorded signals of standard solutions of
quercetin in the order of their concentrations increasing. According to the obtained results, curves of the
peak area (signal value) dependence on quercetin concentration were built.

An arithmetic average of five measurements was taken as a result (relative standard deviation no more
than 5 %), and a calibration curve was built (Figure 1).
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Figure 1 - Dependence of the peak area on the concentrations of quercetin

Table 1 - The value of the total content of antioxidants.

Name Concentration Signal value (area), HAc CCA, mg/ ml (standard
quercetin)
Humic acid 0.001% 516 Menee 0.0001
Humic acid 0.01% 3602 0.00058
Humic acid 0.1% 14571 0.00387
Humic acid 1% 44177 0.043

— 34 ——
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The value of the humic acid signal of 0.001 %, concentration — 516 nAc indicates that the total
content of antioxidants is less than 0.0001 mg/ml. Increasing the concentration of humic acids, the value
of digital signals, and total content of antioxidants increases. When the concentration of humic acids is
0.01 %, the total content of antioxidants is 0.00058 mg/ml, at a concentration of 0.1 % — 0.00387 mg/ml,
and when the concentration of humic acids is equal to 1 %, the value of the total content of antioxidants
reaches 0.043 mg/ml. The obtained data suggests that humic acids have antioxidant activity, which value
increases, if the concentration is increased.

If several years ago humic substances were used mainly in agriculture and animal farming, today their
use has proven to be in demand in pharmacy. The research of their physical, chemical and
pharmacological properties will improve the effectiveness and accessibility of peloid therapy for patients,
and will allow making dosed treatment. Peloid preparations are easier packed and transported, do not
require special conditions for their storage. Waste material (mud) is disposed in the mud baths, but it still
keep valuable substances. The active components isolated from these “wastes” can later be used to isolate
humic substances and produce peloid drugs.

The Kazakhstan market of medicines is filled with foreign antioxidant drugs, and this affects their
final price paid by the consumer. The country needs domestic drugs that can generate high competition.
Therefore, the research related to the creation of innovative medicines based on humic substances of
peloids has particular importance and relevance.
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! JKana XUMHSUIBIK TeXHOJIOTHUsIap MeH MaTepuanaap F3U, Anmartsl kanacsl, Kazakcran
*Tay-ken unctutyTs, ¥3TY MKxxoneBU, Mockey

3 Kazak MeMyeKkeTTiK KbI3Aap IMeJarorHKallbIK YHUBEPCUTET, AJMaTh Kanackl, Kazakcran

JIAM CYJIb®UATI BATHAKTAH AJIBIHFAH T'YMUH/IIK 3ATTAPAbIH AHTUOKCUJAHTTHI
BEJCEHALJIITT MEH OJIAPIBIH KJIACCU®UKAIIUSICHI TYPAJIbI
(IIomy)

AnHotanusi. byn wmakamama maid  cynebuari  OarmakrtaH —anblHFaH  (ICNIOMJ) TYMHUHAI — 3aTTaplblH
AHTHOKCUJIAHTTHIK OCJICCHIUTITIHE IOy Kacauiasl. byn 3arrap Oacka 1na Ke3JepleH alblHFaH YKCac 3aTTapMeH
CaNBICTHIpFaHAa (KCOHAPIUT, KOMIp KOHE T.0.) IMIiHAEri €H OWOJIOTHSUIBIK JKOHE TEPAaIeBTIK OEICEeHIUTIKKEe ue
OonraHBIMEH, onap a3 3epTrenreH. KampimTacy jxarmalbIHIA TyBIHAAFaH Jal cynbGUATI OaTmakTapIarbl TYMHHIL
3aTTapIblH MOJICKyIaiapsl Oipereil KyphUIbIMFa He JKOHE OJIapIbl aly OaphIChIHAA KaHIICPOTCHII alIKWJ TaJloTeH
TYBIHABUIAPBIHBIH Taiina 00y MYMKIHIITIH JKOKKA IIBIFApagsl, HOTIDKECIHIE OCBHI CalaJarbl 3epTTEYIIepHiH
MaHBI3BLIBIFBI 30P €KCHIIT KAIbIITACAIb.

Tyilin ce31ep: aHTHOKCHAAHTTHIK OCTICEHIUTIK, TYMHUH/I 3aTTap, IEION].
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O AHTUOKCHUJIAHTHOM AKTUBHOCTH 'YMHUHOBBIX BEIIIECTB
HU3KOMMWHEPAJIN30BAHHBIX WJIOBBIX CYJIb®WUJIHBIX I'PSI3EM (ITEJIOUI0B)
U UX KIIACCUDPUKAIIUA
(O0630p)

AnHotanusi. B nanHOli paboTe cnienaH 0030p 00 aHTHMOKCHIAHTHOM AKTHMBHOCTH TYMHHOBBIX BEIECTB
HU3KOMHHEPAJIM30BAHHBIX WJIOBBIX CYJbQUIHBIX rpszeil (menoinoB). XoTs JaHHBIE CYOCTAaHLIMHM TPOSBIISIOT
HauOOJBIIYI0 OMOJIOTHYECKYI0 M TE€PaleBTUYECKYI0 aKTUBHOCTB, 110 CPaBHEHHUIO C AHAJOTWYHBIMHU CYOCTaHIMSIMHU
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IPYTAX WCTOYHUKOB (KEOHApIOWTOB, VyIJIeW W [Op.) OHM HEOOCTaTOYHO m3y4eHel. (OOpa3oBaHHBIE B
BOCCTaHOBHTEIBHBIX YCIOBHUSX, MOJEKYJIBI TYMHHOBBIX BEIIECTB HU3KOMHUHEPATM30BAaHHBIX WJIOBBIX CYJIb(HIHBIX
rpszeil 007agaoT YHHKaJIbHBIM CTPOCHHEM, M HCKIIOYAeT BO3MOXKHOCTH OOpa3oBaHMS B IIPOIECCE MOITYyYCHHMS
KaHIIEPOTE€HHBIX AJIKWIBHBIX IAJIOT€HONPONU3BOIHBIX, U BCICICTBHE 3TOTO aKTyaJIbHBIM CTAHOBHUTCS UCCIIEOBAaHNE B
JIaHHOM HaIpaBJICHUMN.

KnroueBble c10Ba: aHTHOKCHAAHTHAS AKTUBHOCTb, T'YMHHOBBIE BEILIECTBA, MEIOUABI.
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LIQUEFIED PETROLEUM GAS AS RAW MATERIALS
FOR THE PRODUCTION OF LIQUID OXYGEN-CONTAINING
ORGANIC COMPOUNDS

Abstract. Studies on the air oxidative transformation of the propane-butane mixture to oxygen-containing
compositions have been carried out. The optimum temperatures of the process, as well as the ratios of the initial
components of the reaction mixture and the content of the active phase on the carrier and volumetric rates have been
determined. Physical and chemical studies of the initial and treated catalysts under experimental conditions were
carried out. When changing the content of the active component on the carrier from 1 to 10%, it was found that the
most optimal is the catalyst 5% MoCrGa/TC, on which up to 22% acetone was obtained. As a result of varying the
composition of the catalyst, the content of the active phase, the ratio of reactants, up to 35-40% of acetone was
obtained. In addition, in some cases, CH3OH was obtained, with the maximum yield 22%, as well as 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
(corresponding to the Cr* " and Cr’ * transition to Cr’ ) is formed on the catalyst surface, as well as joint phases of
Mo and Cr in various valence states, the physical meaning and role of which are to be determined.

Key words: natural clay, acetone.

Introduction. Natural and petroleum gases are the most important alternative sources of raw
materials that can in the long run compete with oil. Of particular relevance for countries rich in this type of
raw material is the problem of the rational use of alkanes in their composition [1-5]. Kazakhstan has
significant oil and gas reserves. Unfortunately, there is currently no industrial organic synthesis based on
alkanes in Kazakhstan, with the exception of gas processing plant in Zhanauzen, the nitrogen-fertilizer
plant in Atyrau (which uses the low-profitable process of steam reforming of methane into synthesis gas)
and ethylene production in Aktau (by non-catalytic pyrolysis of ethane with the addition of other
hydrocarbons and petroleum fractions). Kazakhstan is entering a new era in hydrocarbon processing. Gas
processing is the most promising direction of petrochemistry is. This sphere will help Kazakhstan to
integrate faster in the world market. The partial oxidation of liquefied petroleum gas to ketones and
aldehydes is relevant from the of ecological and economical point of view, since about 100 billion cubic
meters of associated petroleum gas are burned annuallyand pollutant emissions to the atmosphere amount
to thousands of tons [6-11]. The combustion process due to oxygen consumption and heat release
contributes to the greenhouse effect. In addition, the economy is suffering losses due to the combustion of
far from cheap petroleum gas, especially if we consider that it would be possible to get petrochemical
products from the liquefied petroleum gas which are much more expensive than the original product.

A large number of studies have been carried out on the oxidation of propane and butane to
unsaturated aldehydes and acids /12-16/, but there are few works on the production of ketones /17-20/.
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Methods. This paper presents the results of oxidative transformation study of liquefied petroleum gas
(propane-butane mixture) by air into oxygen-containing compositions in reaction mixtures with a propane-
butane content 14- 80% and oxygen 4-18% at T = 300-600 °C and W=330-15000h"". Polyoxide catalysts
of different composition, containing 1-10% Mo, Ga, Cr in various proportions, deposited on natural Torgai
clay (TC), having the structure of kaolinite (in some cases with the addition of hematite and a-quartz)
were tested. Automated analysis of initial materials and reaction products were carried out on Agilent
Technologies 6890N chromatograph. Physical and chemical studies of the initial and treated catalysts
under experimental conditions (XRD, EM, elemental analysis, determination of acidity) were carried out
[9-10].

It is established that the main reaction products are acetone, methanol, acetaldehyde, methyl ethyl
ketone (MEK). The optimum process temperature is 350-400 °C. C,Hy4, H,, CO, and CO, were detected in
the reaction products when temperature increased. It was shown that the yield of oxygen-containing
products on catalysts pretreated with 10% HCI exceeds similar yields on untreated catalysts. Acid
treatment of sorbents contributed to the development of the surface and an increase in the pore radius,
which led to an increase in oxygen-containing compounds in catalyzate [8-9]. Varying the reaction
conditions on a number of catalysts (two-component - CrGa/TC and three-component - MoCrGa/TC)
leads to a change in the content of the active phase and has a significant impact on the yield of the main
products. When varying the content of the active component on the carrier from 1 to 10%, it was shown
that the most optimal was 5% MoCrGa/TG catalyst, on which up to 22% acetone was obtained, the three-
component catalyst being more active than the two-component catalyst (Figure 1).

CH ). CO

ICHJCO CHLHO
. (—
SWMoCrGaNWC 1%AMoCrGaNWC

Figure 1 - The effect of active phase content of the catalysts on the yield of acetone and acetaldehyde.

Tests of the above catalysts at space velocities from 330 to 15000 h™' showed that for the synthesis of
acetaldehyde and acetone on the 1% CrGa / TC catalyst, the optimal rate is W = 1200 h™', and for the 5%
CrGa/TC catalyst - 9000 h™' for acetaldehyde and 330h™ for acetone (acetone yield is 32%), Figure 2 and
3. Optimal space velocities were also determined for three-component MoCrGa/TC catalysts with
different content of the active phase on the carrier. At W=1350 h', up to 23% of acetone and 35% of
methyl ethyl ketone on 5% MoCrGa/TC were produced, whereas 22% of acetone on 5% MoCrGa/TC
catalysts was produced.
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Figure 2 - The effect of space velocities on the yield of acetaldehyde
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Figure 3 -The effect of space velocities on the yield of acetone
on 1% -, 5% - and 10% CrGa/TC catalyst at 400 °C

Studies on variation of the initial components ratio in the reaction mixture allowed to determine the
most optimal compositions for the process implementation. By varying the concentration of O2 from 3.8
to 8.4% in the mixture, it was shown that when the content of O, is 5.3% and the propane-butane mixture
is ~ 60-66%, the yield of acetone is 23% and methanol is 22%. When the content of the propane-butane
mixture is 33-36% with the same O, content, 31% acetone and 35% MEK are obtained. By varying the
composition of the catalyst, the content of the active phase, the ratio of reactants up to 31% acetone and
35% MEK were produced. In addition, in some cases CH3;OH was produced with the maximum yield
22%.

The microstructure and morphology of the catalysts were determined by X-ray phase analysis and
electronic microscopy (EM) [14].

Results and discussion. The experiment was carried out on the electron microscope EM-125K by
single-stage coal replicas method with extraction, using microdiffraction, as well as the method of survey
through the lumen (suspension preparations). The survey was carried out at different magnifications
depending on the particle size []. The carrier was dissolved in concentrated HF. The X-ray phase analysis
was performed on a DRON-4-07 X-ray diffractometer. EM method provides observation of electron
diffraction on individual crystals and accumulation of particulate matter, while the XRD method gives the
total diffractogram of all phases [8-9].

— 4) ——



ISSN 2224-5286 3.2019

In addition, for the manifestation of the phase in XRD it must have a large enough size. Therefore,
many phases detected by EM method may not be observed in X-ray phase analysis, but this does not mean
their absence in the catalyst.

For microdiffraction in electron microscopy, the transparency of the material for the electron beam is
important. Sometimes well crystallized phases stably observed in XRD may be not transparent to the EM.

Both methods complement each other and provide a more complete picture of the catalyst changes
under the influence of the environment.

The presence of a large number of insoluble components that make it difficult to decipher the
deposited phases is characteristic of the carrier (Torgai clay). For the original clay sample MoCrGa / Torg.
large particles and aggregates of large dense particles are characteristic, the microdiffraction pattern of
which is represented by individual rare reflexes attributed to Cr203 (JCPDS, 6-508) and CrO (JCPDS, 6-
532), as well as translucent particles of lamellar type, the microdiffraction image from which reflexes,
located on the hexagonal motif, referred to CrMoO4 (JCPDS, 34-474).

The phase related to Ga, were not detected. Mo-containing phase is characterized by dense large
crystals of 500-1000 A with signs of a rectangular motif of cut, corresponding to Mo4O11 (JCPDS, 13-
142). For the Cr-containing phase, large semitransparent lamellar particles a-Cr203 (JCPDS, 6-503),
small clusters made up of dispersed particles ~ 30 A in size, referred to Cr205 (JCPDS, 36-1329),
aggregates of translucent particles with minimal size 200-400A and larger, characteristic for CrO2
(JCPDS, 9-332), a cluster of translucent lamellar particles Cr5012 (JCPDS, 18-390) 300-600 A in size
with a rectangular cut motif. )

Furthermore, we detected small clusters characteristic for joint phases consisting of particle 30-50A in
size and large plate-type particles. Microdiffraction is represented by a mixture of rings and individual
reflexes. The rings correspond to the phase of disperse particles CrMoO4 (JCPDS, 29-452), and large
plate crystals correspond to Cr2MoO6 (JCPDS, 33-401). Ga-containing phase is characterized by different
phases of Ga oxidation up to the metal phase: a-Ga203 (JCPDS, 6-503), ¢-Ga203 (JCPDS, 20-426), &-
Ga203 (JCPDS, 6-509) mixed with Ga (JCPDS, 31-539), Ga (JCPDS, 25-345).

Comparison with the EM pictures of the initial samples of catalysts allowed to state that as a result of
their treatment under the reaction conditions, a new Cr205 phase appears, corresponding to the Cr2 + and
Cr3 + transition to Cr5 +, as well as the combined Mo- Cr phases in different valence states, the physical
meaning and role of which are to be determined

Conclusion. 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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CBIFBUIFAH MYHAM I'A3bI - CYUBITBIIFAH OTTEKKYPAMJIAC OPT AHUKAJIBIK
KOCBUIBICTAP OHAIPICI YIINIH HIUKI3AT PETIHJIE

AnHoranus. [IpomaH-OyTaH KOCIACHIHBIH KYpambIHIA OTTEri Oap OpPraHUKANBIK KOCHUTBICTApFa KaTaJIUTH-
KaJIBIK TOTBIFYBI OOMBIHINA 3epTTeyiep Kyprizingi. CoHgai-ak YpIiCTIH ONTHMAJBIl TEXHOIOTHUSUIBIK TEMIepaTypa-
Japel, 6acTanKpl KOMIIOHEHTTEPAIH JKOHETaChIMANIAFBIIITHIH OeliceH I (a3a KYpaMmbl KOHEKOIEMIIK JKbUTIAMIBIK-
Tapel aHBIKTAJABL. bacTamkpl >KoHE peakuusgaH KeHiHri (eHmenreH) KaTamu3aTopiiapra (DU3MKa-XHMHUSIIBIK
3epTTeyJIep KYPriziiai. 3epTreyiep HOTHKeci OOMBIHIIA TachIMaJIAFbIIITAFEl OSJICEH I KOMIIOHEHTTEPAIH KypaMbIH
1% -man 10% neiiin e3repty HoTIKeciHAe eH Tuimal karanu3atop 5% MoCrGa / TCh exeni anbikransii, 22%
aneToH anbHAel. Karanu3aTtopaplH KOHE TachIMAIJAFbIINTAaFel O€JNCeHMAl 3aTTapAblH KYpPaMbIH, OpEKeTTeCyIIi
peareHTTepIiH KaThIHACKIH ©3repTy HoTmkeciHae 35-40% neitin aneroHansiHabl. COHBIMEH Katap, KeHOip karaaii-
napna CH;OH makcumanipl 22% wbIFbIMBL jkoHE 35% METHIDTHUIIKETOH albiHabl. DM sxone POA 3eprreynepinin
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HOTIDKECIHIE peakIusl >KargalblHIa KaTtanm3atopAslH Oerinnme skaHa CryOs dazacer (Cr2+ axone Cr' -ra Cr'' re
KeIIly), COHAal-aK dpTYpJIIi BaJICHTTIK Kyitnepaeri Mo sxoHe Cr OipikkeH ¢a3anapsl maiiga 00TaTEIHBI aHBIKTAIIBL.
Tyiiin ce3aep: TaOuru ca30aNIIbIK, alleTOH, .
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CKAXKEHHBIA HE®TSIHOM I'A3 KAK CBIPBE JIJISI TIPOU3BOICTBA KUJIKHX
KHACJIOPOJACOJEPKAIIUX OPTAHUYECKNX COEJIUHEHUM

AnHoTanus. [IpoBeneHs! HMcClenoOBaHUS MO OKHCIUTEIBHOMY IPEBPALICHUIO NPOMaH-OyTaHOBOI cMmecu B
KHUCJIOPOACOACPKAIINE KOMIIOHCHTBI,a TAaKXKE OHNPCACICHbI ONTUMAJIbHBIC TEMICPATYpPhI, MPONMOPHHUN HCXOAHBIX
KOMITOHEHTOB, COJIep)KaHHe aKTUBHOH (ha3bl HOCUTENS U 00bEMHBIE CKOpOCTH Tpolecca.bbuti npoBeaeHs! Guzuko-
XMMHUYECKHE HCCIICIOBAHUS HCXOMHBIX M OOpabOTaHHBIX KaTaln3aTOpOB B YCIOBHSAX OKCIIEpUMEHTa. bblio
00Hapy»KeHO, 4TO IpH U3MEHEHNH COJIep)KaHne aKTHBHBIX (a3 B Hocutene oT 1 go 10%, nanbonee ahheKTHBHBIM
katanuzaropoM  siBisiercss 5% MoCrGa/TT, npu kotopom Oblio momydeHo 22% aneroHa. B pesynbrare
BapbUPOBAHUS COCTAaBA KAaTalIM3aTOpa, COJACP)KAaHHUS aKTUBHOM (ha3bl, COOTHOIIECHHS PEarcHTOB, OBLIO MOIYYEHO 10
35-40% auerona. Kpome Toro, B HekoTOphIX ciydasx Obumm nomydensl CH;OH ¢ MakcuManbHbIM BeIXOmOM 22%, a
takke 35% mermmaTHiIKeTOHA. B pesynbprare nccnenoBanuit OM u POA 6b110 MOKa3aHo, YTO B YCIOBUSX PEAKIMN
Ha TOBEPXHOCTH Kartanu3aropa obpa3yercs HoBas ¢asza Cr,Os (COOTBETCTBYIOMIAS MEPEXOay Cr'ucCrsCrh), a
Taroke coBMecTHbIe (azsl Mo u Cr B pa3HBIX BaJICHTHBIX COCTOSHHAX, (PM3UYECKUIT CMBICIT U POJIb KOTOPBIX JOJDKHBI
OBITH OTIPEICIICHBI.

KoaioueBble ci10Ba: Ipupo/IHas rIIMHA, alleTOH.
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TERPENOIDS OF MATRICARIA CHAMOMILLA L.
FROM DIFFERENT PLACES OF GROWTH

Abstract. In this work, a comparative gas chromatography-mass spectrometry analysis of the component
composition of CO,-extracts from Matricaria chamomilla L. raw materials collected at the site of medicinal plants of
the International Research and Production Holding “Phytochemistry” (Karaganda region, Republic of Kazakhstan),
Mozheikovo agro-town (Grodno Region, Belarus) and in the vicinity of Sarkand (Almaty region, Republic of
Kazakhstan) was undertaken. As a result of the research conducted, it was revealed that the major components of the
obtained CO,-extracts of Matricaria chamomilla L. are: bisabolol oxide A, bisabolol oxide B and en-in-dicycloether.
Meanwhile, in the CO,-extract of Matricaria chamomilla L. collected at the site of medicinal plants of JSC “IRPH
“Phytochemistry”’the quantitative content of matricarin and chamazulene are prevailed.Thus, thecontent of matricarin
exceedthree times, and the content of chamazulene five and two times, in comparison with extracts obtained from the
Belarusian and Almaty raw materials.

The prospect of using Matricaria chamomilla L. raw material that grows on the medicinal plants site of JSC
“IRPH “Phytochemistry” in the production of the anti-inflammatory ointment “Matripin-Dent” has been established.

Key words:Matricaria chamomilla L., CO,-extraction, chromato-mass spectrometry, chamazulene, matricarin.

Introduction

In modern medicine, herbal medicines occupy a special place, as they have a wide range of biological
activity, which allows them to be used for the prevention and treatment of many diseases.

Phytopreparations are included in more than 85 pharmaceutical groups of medicines and most of them
do not have equivalent synthetic substitutes [1].

Flowers of Matricaria chamomilla L., which have been used in medical practice for a long time as an
anti-inflammatory, antiseptic and antispasmodic medicines [2] and are used as raw materials for obtaining
fees, extracts, medicines “Romazulan” (Romania), “Rotokan” (Russia), “Rekutan” (Ukraine),
“Camillozan” (Germany), “Alorom” (Russia), “Stomatofit” (Poland) [3-5] should be included among the
types of plant raw materials that are widespread in the foreign and domestic pharmaceutical market.

The annual public health need for Matricaria chamomilla L.inflorescences is quite large and the
amounts are about 250 tons [6]. At the same time, its main part is provided due to cultivation in
specialized farms and only insignificant volumes - due to the harvesting of wild-growing raw materials
[7].

Therefore, it is a relevant task to study of plant resources and to evaluate stock of herbs for the
rational use of them and expansion of the range domestic drugs in the pharmaceutical market[8].

The pharmacological effect of Matricaria chamomilla L.flowers is due to the presence of a whole
complex of biologically active substances with a broad spectrum of biological activity in their composition
[9-17], primarily essential oils, flavonoids, coumarins, and sesquiterpene lactones of matricarin and
matricin, which are the initial compounds in the biosynthesis of chamazulene possessing anti-
inflammatory and antiallergic action.

Matricaria chamomilla L.raw materials are also used in the manufacture of cosmetics and
pharmaceuticals. Recent studies show that the use of raw Matricaria chamomilla L. for cosmetic
preparations is due to the high content of phenolic compounds [18-21].
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An analysis of recent studies shows that for the production of high-quality extracts from Matricaria
chamomilla L. raw materials, it is advisable to use compressed and liquefied gases as solvents. According
to the literature [22, 23], supercritical CO,-extraction is preferable.

Despite the existing range of medicines, extracts of Matricaria chamomilla L.continue to be a
promising object for further study and the creation of new medicines with a number of pharmacological
and therapeutic activity.

JSC “International Scientific and Production Holding “Phytochemistry” on the basis of “Karaganda
Pharmaceutical Plant” LLP develops and introduces into production the original drug ‘“Matripin-Dent”,
which consists of carbon dioxide extracts of Populus balsamifera and Matricaria chamomilla L. In order
to determine the suitable raw materials of Matricaria chamomilla L. and to obtain high-quality CO,-
extracts with a quantitative content of biologically active substances, we studied 3 types of Matricaria
chamomilla L. raw materials growing in various places.

The purpose of the work is a chemical study of the component composition of CO,-extracts of
Matricaria chamomilla L. depending on the place of growth.

Experimental part

Materials and research methods

The materials used for the study were Matricaria chamomilla L. inflorescences collected in the
flowering phase in various places: at the medicinal plant site of the JSC “International Research and
Production Holding “Phytochemistry” (Karaganda, Kazakhstan), in the Mozheikovo agro-
town(GrodnoRegion, Belarus) and Sarkand (Almaty region, Republic of Kazakhstan).

Drying of the raw material was carried out by the airily-shadow method at a temperature of 25-30°C.

CO,-extraction of all types of raw materials was carried out under the same supercritical conditions:
pressure - 250 bar, temperature: 50°C, extraction time: 180 min.After that, a three-fold water-alcohol
treatment of the obtained CO,-extracts was carried out to precipitate and separate the lipophilic
components. For each stage, the mass of ethanol was used; the mass of ethanol is three times the mass of
the extract, and the mass of water, one and a half times the mass of the extract. The extract was dissolved
in alcohol, heated to 70°C. After that, water heated to 70°C was immediately added to the resulting
solution. The solution was stirred and left in a dark place for a day, then filtered. The precipitate was re-
treated with alcohol and water. The filtrate obtained after three processing steps was evaporated on a
rotary evaporator.

The qualitative and quantitative content of essential oil components in CO,-extracts was determined
by gas chromatography-mass spectrometry on a gas chromatograph with an Agilent 7890/5975C mass-
selective detector. A 5% Phenyl Methyl Silox HP-5MS column (30 mmx250 mmx0.25 mm) was used
with a helium carrier gas velocity of 1 ml/min. Evaporator temperature - 230°C. The gas chromatography
column was kept at 40°C for 5 min; with temperature programming up to 240°C with a rate of temperature
change of 5°C/min, and then kept in isothermal mode for 50 min. Sample entry mode with flow division.
The sample volume is 0.1 pl. The conditions for recording mass spectra are 70 eV, the mass range is m/z
10-400. The percentage of components was calculated automatically based on the peak areas of the total
ion chromatogram. Components were identified by mass spectra and retention times using the Wiley
GC/MS library.

Results and discussion

According to the analysis by the GC/MS method, it is established that the main components of the
CO,-extracts of Matricaria chamomilla L. are: bisabolol oxide A (21.51%, 17.90% and 18.57%),
bisabolol oxide B (17.11%, 5.71% and 14.32%) and en-in-dicycloester (18.93%, 43.58% and 21.17%)
(table 1).

Meanwhile, the quantitative content of matricarin and chamazulene in the CO,-extract of Matricaria
chamomiilla L., collected in the area of medicinal plants of JSC “IRPH “Phytochemistry”, prevailsas
opposed places of growth. Thus, the content of matricarin exceed three times, and the content of
chamazulene five and two times, in comparison with extracts obtained from the Belarusian and Almaty
raw materials. Also, the quantitative content of the en-in-dicycloester in the CO,-extract obtained from the
Belarusian raw materials of Matricaria chamomilla L. should be noted, its content is 2 times higher than
from the Kazakh raw materials.
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Table 1 - Comparative component composition of CO,-extracts of Matricaria chamomilla L., depending on the place of growth

CO,-extract of Matricaria chamomilla L.
JSC “International Research Mozheikovo (Grodno Sarkand (Almaty region,
Component name and Production AHolding Region, Belarus) Republic of Kazakhstan)
“Phytochemistry”
(Karaganda, Kazakhstan)

RT, min Content, % RT, min Content, % RT, min Content, %
B-farnesene 26.882 2.01 26.876 3.50 26.830 1.83
Spathulenol 29.903 1.30 29.897 1.49 29.846 0.18
Bisabolol oxide B 31.666 17.11 31.643 5.71 31.585 11.87
Bisabolol oxide 32.289 8.50 32.278 5.85 32.226 5.84
Herniarin 33.159 4.50 33.147 7.13 - -
Chamazulene 33.331 4.78 33.319 0.88 33.262 1.80
Bisabolol oxide A 33.668 21.51 33.645 17.90 33.582 14.36
En-in-dicycloester 36.438 18.93 36.443 43.58 36.346 21.17
N-hexadecanoic acid 37.845 1.07 - - 38.446 0.47
9,12-octadecadienoic 41.410 0.42 41.193 1.50 41.513 1.61
acid
Matricarin 45.885 2.71 45.867 0.90 45.872 0.94

At the same time, chamazulene and sesquiterpene lactone matricarin are relatively valuable
biologically active substances in the studied extracts, both components have an anti-inflammatory effect
and are the main components of Matricaria chamomilla L. raw material [24, 25].

Conclusion

On the basis of the obtained results, it was established that the main components of the isolated CO,-
extracts are bisabolol oxides A and B and en-in-dicycloester. Due to the comparative study of the
component composition of extracts of Matricaria chamomilla L. it was revealed that the quantitative
content of matricarin and chamazulene in the extract of Matricaria chamomilla L. collected at the
medicinal plants site of JSC “International Scientific and Production Holding “Phytochemistry”
(Karaganda region, Republic of Kazakhstan) are prevailed in comparison with extracts selected from the
Belarusian and Almaty raw materials.

Thus, to obtain a CO,-extract of Matricaria chamomilla L. with a quantitative content of
pharmacologically active components for the drug “Matripin-Dent”, it is advisable to use raw materials
growing on the medicinal plants site of “International Scientific and Production Holding
“Phytochemistry”, since this raw material has a quantitative content of basic pharmacologically active
compounds with a wide range of pharmacological activity.

OO0K 547913
H.I'. TutoBa, C.T. lllamunosa, A.H. ’)Ka6aepa, C.M. OnexkeHOB
«DUTOXNMHUS» XaITBIKAPAITBIK FRUIBIMU-0HIIpicTik Xonmuari» AK, Kaparanmgs! k., Kazakcran PecrryOnmkacer

OPTYPJII AMMAKTAPJA OCETIH JOPLIIK TYHMEJAKTBIH (MATRICARIA CHAMOMILLAL.)
TEPIEHOU/ITAPEI

AnHotramusi. Ocbl kKymbicTa «DUTOXUMUSY XaJbIKAPATIBIK FHUIBIMH-OHIPICTIK XOJIUHTIHIH JOPUIIK
ecimaikrep yuackecinme (Kaparanmel o0Osbicel, Ka3zakcran PecnyOimkacel), MOXEHKOBO arpOKalallbIFbIHIA
(I'pomHo o6ubicel, bemapyce PecryOnmukacel) »xoHe Capkanpj TeHiperinne (Anmarbl o0ibickl, Kazakcran
Pecry0Onukacel) JKUHAIFaH JOPUTIK TyliMmenak mukizaTbiHaH anbiiFaH CO,-ChIFBIHBUIAPBIHBIH KOMIIOHEHTTIK
KYpaMbIHa CalbICTBIPMANIbl  XPOMATOrPaQUsIbIK MAaCC-CIEKTPOMETPUSUIBIK — Tajmay o kypriziami. JKyprisinren
3epTTeysiep HOTWKeCiHAe nopimik Tyhmenakrad ajibiaFaH CO,-ChIFBIHABUIAPBIHBIH MAaXOPJIbl KOMIIOHEHTTEPI
6ucabomnonokcua A, 6ucabononokcun b xoHe eH-MH-IUIUKIOA(hUpP OONBIN TaOBUIATHIHEI aHBIKTANABl. COHBIMEH
katap «DPuroxumus» XFOX» AK mopimik eciMIikTep ydacKeciHAe >KHHAIIBII albIHFaH A9pUTiK TyiMenakTeiH CO,-
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CBIFBIHABUIAPHIHIA MAaTPUKAPUH MEH XaMa3yJeHHIH Meiepi 6ackiM OOJBIN KeJeTiHI aHBIKTAIIBI, aTal alTKaHAa,
0ENOPYCTHIK JKOHE AIMATBHLIBIK [IMKI3aTTaH alIbIHFAH CHIFBIHABLIAPMEH CAJBICTBIPFAH/IA MATPUKAPUH MOJIIIEpPI YII
ece, I XxaMmasylleH Oec JKoHe €Ki ece apThIK.

«Duroxumusy XFOX» AK mopinik eciMIiKTep y4acKeciHAe oCeTiH NOpuliKk TyHMenak IIUKI3aThblH KaObIHyFa
Kapcel «Martpunus-J{eHT KaknamMailblHbIH OHJIPICIHIE KOJIaHY Kellelleri aHbIKTaIIIbl.

Tyiiin ce3nep: mopunik tyiimenak, Matricaria chamomillaL.,CO,-3kcTpakuusiiay, XpoMaTorpadusuiblk Macc-
CIICKTPOMETPHS, XaMa3yJieH, MaTPUKAPUH.

YK 547.913
H.I'. TutoBa, C.T. lllamunosa, A.H. ’Kadaepa, C.M. AnekeHoB

AO «MexayHapOIHBIA HAYIHO-TTPON3BOICTBEHHBIN XOIIUHT « DUTOXUMUS,
r. Kaparanna, Pecniy6nuka Kazaxcran

TEPIEHOW]IbI POMAIIIKA AIITEYHOM (MATRICARIA CHAMOMILLA L.)
M3 PA3JIMYHBIX MECT IPOU3PACTAHUA

AnHoTanusi. B jaHHO# paboTe mpoBeneH CpPaBHUTENBHBIH XPOMAaTO-MacC-CIIEKTPOMETPUYECKHH aHalu3
KOMITIOHEHTHOTO cocTaBa CO,-3KCTPAKTOB M3 CHIPbSl POMAIKU AlTEYHOW, COOPAHHOW Ha Y4acTKe JIEKapCTBEHHBIX
pacteHnii MeXIyHapOJHOTO Hay4YHO-IIPOM3BOACTBEHHOrO XosauHra «®uroxumus» (KaparanamHckas o0iacTh,
Pecriybimka KasaxcraH), arporopoaka MoxeiikoBo (I'pomHeHckas o6nacts, PecnyOnmka bBenmapycs) n B
okpectHoctH Capkanma (AnmartuHckas obOnacts, Pecmybnmka Kazaxcran). B pesynbrare mpoBemeHHBIX
WCCIICIOBAHHUNA BEISABICHO, YTO Ma)XKOPHBIMH KOMIOHEHTaMH NOIXy4eHHBIX CO,-3KCTPaKTOB POMAIIKU aANTEIHOMN
SBILIIOTCS: Omcabomomokcun A, Oucabomonokcnn b u eH-uH-mummkimodhup. Mexay TeMm, KOIHYeCTBEHHOE
colepxaHne MarpukapuHa u xamasyneHa B CO,-3KCTpaKTe pOMAIIKH aNTeYHOH, COOpaHHOW Ha ydJacTKe
nexapcTBeHHBIX pacTeHH AO « MHITX «®@utoxumus» nmpeobiaamaeT, Tak CoAepKaHuEe MaTpUKapruHa MPEBOCXONT B
TPH pa3a, a xamasyjeHa B ISITh M JBa pa3a, B CPaBHEHHH C HKCTPAKTaMH, IOJyYEHHBIMH U3 OEIIOPYCCKOTO U
AIIMaTHHCKOTO CHIPBSI.

YcTaHoBIEeHa MEPCHEKTUBHOCTh HCIONB30BAaHMUS CBHIPhS POMAILIKM aNTe4HOM, Mpou3pacTaronied Ha ydacTke
nexapcTBeHHbIX pacteHHMd AO «MHIIX «®utoxuMus» B NPOU3BOACTBE HPOTHBOBOCHAINUTENBHOW Ma3u
«Marpunus-/leHT».

KaroueBsie  ciaoBa: pomamka  anreunas,Matricariachamomillal.,COy-3KCcTpaknus,  XpoMaTo-Macc-
CHEKTPOMETpPHS, XaMa3yJIeH, MaTPUKapUH.
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PROPANE-PROPYLENE OLIGOMERIZATION OVER MODIFIED
PILLARED CLAY CATALYSTS

Abstract. Metal supported pillared clay catalysts were used in propane-propylene oligomerization. In the article
was shown that the pillaring process has a significant impact on the carrier's nature. That is, specific surface area and
porosity of the pillared clay were significantly increase compared with natural clay. The natural clay has lost its
porosity at a temperature of 140 °C, reduce surface area from 62 to 20 m?*/g. After pillaring this value increased to
110 m?/g. The catalysts exhibited good thermal stability at the calcination of 500 to 600 °C as indicated by its
specific surface area. As well as, all synthesized catalysts showed selectivity to Cs and Cy olefins. The resulting
mixtures of isoolefins provide a high-octane product that can be used as a mixture of environmentally friendly
gasoline, jet and diesel fuel through hydrogenation.

Key words: pillared clay, propane-propylene fraction, fuel blending component, conversion, selectivity.

1. Introduction

According to the British Petroleum outlook report in 2016, the dependence of energy on crude oil will
decrease to 30% by 2035 [1]. This means that in the future, alternative energy sources are more used.
Oligomerization of light olefins is one direction of utilize residual gases from the oil refining processes
(light FCC, Fisher-Tropsch synthesis of naphtha, etc.). In the oligomerization reaction it is more effective
to use acid catalysts, like zeolites, ionic liquids and ion exchange resins. As well as, this reaction is also
possible to perform in clay catalysts. Clay catalysts are natural, low cost and reusable, as well as does not
cause any harm to the environment. Due to these advantages clay catalysts are widely used in oil refining
[2-4].

Although, the most studied light olefin is ethylene, demand for propylene continues to grow.
Propylene is a dissymmetric molecule, double bond on the carbon 1 (C1) or 2 (C2) allows it to obtain
large amounts of dimer in the coordination of olefins to the catalytic metal center (see Fig. 1) [5]. Further,
oligomerization is also developed with this mechanism. In propylene oligomerization products, linear
oligomers are use for in diesel fuel additives, aromatics are use for solvents and detergents precursors.
Recent years, demand for branched olefins is growing. The highly branched olefins (2,6-dimethylheptan-
3, 2,6-dimethylheptan-2, 4,6-dimethylheptan-3, 2-methyloxan-2, 7-methyloctane-3) which obtained from
the trimerization of propylene, are widely demanded for production of polymers. These products can be
used in the production of plasticizers for plastics, especially the development of plastics with specific
properties which will replacement of metal to plastic in aviation, automotive and military industries. And
the tetramers of propylene are used in the production of lubricating oil additives. Research on this subject
is more common in scientific literature of the last century [6-10]. Paul et al. the first reported that
oligomerization of Cs - C,4 olefins on nickel-substituted synthetic mica-montmorillonites (Ni-SMM). The
Ni-SMM catalyst was extremely selective to high-octane products and showed corrosion and sulfur
resistance [11]. Khamzin et al. reported pillared clay based super acidic catalysts use for oligomerization
of propane —propylene fractions. The catalysts which were prepared by intercalation of montmorillonite
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with zirconium, then modified with nickel. The 2.5% nickel modified pillared clay catalyst exhibited the
best activity and selectivity in propylene trimerization[12]. Presently, Ni-exchanged pillared clays used as
selective ethylene oligomerization. Hulea et al. elaborated the synthesis of acid washed (K10) and Al-
pillared clays exchanged with nickel and tested them ethylene oligomerization reaction. They believed that
the obtained results related to the textural and acid characteristics of the catalyst. The catalyst Ni-K10
exhibited superior catalytic behavior and higher selectivity to C4 and Cg liner olefins [13]. However, there
are no publishing data on bimetal supported pillared clay catalysts use for propane-propylene
oligomerizaton. In our previous publication, we reported investigation of the conversion of butane-
butylene fractions on ruthenium and cobalt modified pillared clay catalysts [14]. Therefore, our present
study was aimed to investigating catalytic properties of ruthenium and nickel supported pillared clay
catalysts for propane-propylene oligomerization.
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Figure 1 - Dimerization mechanism of propylene [5](M-H being a metal hydride)

Table 1 - Composition of Feedstock

Component Quantity, %
Ethylene 2.1
Propane 19.2
Propylene 74.8
Total content of C, 3.8

2. Experimental

2.1. Materials

Bentonit (from South Kazakhstan, rich in montmorillonite > 90%). The cation exchange capacity is
66.4 mmol/100.0 g. clay. CrCl; (99%, Sigma-Aldrich), NaCl, Ruthenium (III) chloride (RuCl;-3H,0,
99.99%, Alfa-Aesar) and hexahydrate of nickel (II) nitrate (Ni(NOs),-6H,0). Materials in this experiment
were used without further purification.

2.2. Catalyst preparation

For preparation of RuNi/MMC* catalyst system the aqueous solutions of ruthenium (III) chloride -
RuCl3+3H,0 and hexahydrate of nickel (II) nitrate - Ni (NOs),*6H,0O were used. Pillared clay preparation
carried out by method proposed in [15, 16]. Prior to pillaring process, the clay was saturate with sodium
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ions through exchange with 1M NaCl for 8 h., and then washed with deionized water. The residue NaCl
determined by the solution of AgNOj;. Then 0.1M NaOH solution was added to 0.1M CrCl; solution under
vigorous stirring at room temperature. Concentration of chromium chloride change from 4.0 to 20.0
mmole Cr’* per gram of clay. Then this mixture was added to aqueous clay suspension and stirred 4h.
Obtained mass undergoes to drying in an air at ambient temperature and left for a few days, dryed in air at
80 °C 8 hour, then calcined 450 °C with heating rate of 2 °C/min during 6h. Finally a certain mass of this
sample is impregnated by nickel and ruthenium salts. The obtained mass was dried in the air (2 °C/min) at
80 °C for 8 hour and calcined at 450 °C during 6 h.

2.3. Characterization techniques

Chemical compositions of starting and modified clays were determined by XRF analysis. The textural
properties of the samples were obtained from nitrogen adsorption-desorption isotherm, measured at 77K
using an ASAP 200 Micrometric instrument. The specific surface area and porosity were calculated by
Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) - methods respectively.

2.4. Catalytic tests

The oligomerization of propane-propylene mixture was carried out in a stainless steel continuous flow
fixed-bed reactor (inner diameter 5 mm). The temperature was monitored by using a K-type thermocouple
that was inserted directly into the fixed bed and reaction pressure was controlled digitally using a Tescom
back-pressure regulator. The reaction temperature and gas pressure are 110-170 °C and 4.0 MPa
respectively. The crushed quartz was placed inside the reactor along with the catalyst. Prior to experiment
the catalyst (1g) was pre-treated with stream of hydrogen (50 cm®/min) at 300 °C for 2 h. Then the reactor
was cooled to reaction temperature with a flow of argon (Ar, 50 cm’/min) and the propane-propylene
mixture were fed to the reactor and increasing the pressure to reaction conditions. Determination of
feedstock (Table 1) and reaction products are analyzed by DANI Master GC Fast Gas Chromatograph
equipped with a flame ionization detector (FID).

3. Results and discussion

The chemical compositions of starting and modified clays determined by XRF are listed in Table 2.
The starting clay is composed of (by mass %): 59.15% SiO,, 17.9% Al,O;, 6.41% Fe,0s, 1.03% MgO,
0.07% CaO and 2.56% Na,O. After pillaring treatment, the exchangeable cations (Na") were completely
displaced by polyhydroxy complex of Cr’*, while Mg*" content remained almost constant, not act as
exchangeable cation.

The chemical, structural and textural characteristics of the modified clay and catalysts from its
derived were widely examined in our previously report. They are belonging to type of pillared clay
catalysts, with well ordered pillar and mesopore structure [17]. The main features of the catalysts prepared
on this basis are shown in Table 3. In the table structural and adsorption characteristics of natural
bentonite clay and the clay pillared with polyhydroxy complexes of chromium are summarized. The
polyhydroxy complex of Cr, when modifying the natural clay led to the formation of columnar structures
and give them a thermal stability at temperature of 500-600 °C.

Table 2 - Chemical composition (wt. %) of starting and pillared clays

Samples Bentonite Cr/Bentonite

Si0, 59.15 52.74
Al O, 17.9 15.98
Fe,)0; 6.41 6.30
MgO 1.03 1.0
Ca0O 0.07 -
Na,O 2.56 0.02
Cr0; - 10.63
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Table 3 - Main properties of the starting and pillared clays

Amount of chromium, SSA, doot, Total pore volume, SSA at calcinations
mmol/g clay m?/g nm cm’/g temperature
°C m’/g
- 62 0.9 0.10 140 20

4.0 160 1.82 0.36 300 130

8.0 220 1.96 0.42 450 190

12.0 250 2.38 0.46 500 220

16.0 270 2.6 0.47 600 240

20.0 250 2.15 0.43 600 230

*SSA-specific surface area

In our study, bentonite was modified with polyhydroxy complexes of chromium, which leads to a
change in some physicochemical characteristics of this system. The non modified bentonite clay was loses
its porosity at temperature 140 °C with the surface area reduced from 62 to 20 m*/g. After pillaring, this
value increased to 110 m2/g. The value of specific surface area of chromium pillared clay depends on
amount of the polyhydroxy complex which give them a thermal stability at temperature of 500-600 °C.
specific surface area of samples containing 12-20 mmol Cr*" determined after heat treatment at 180 °C are
250-270 m?/g. The temperature increased 500 to 600°C was observed slightly reduces the value of their
specific surface to 220-240 m*/g, respectively.

Pillared bentonite has a total pore volume of 0.36-0.47 cm’/g and interlayer distances of 1.82-2.6 nm.
Compared with natural bentonite, where these values are - 0.10 cm’/g and 0.9 nm respectively. The
highest values are corresponds to a chromium concentration about 12-16 mmol per gram of clay, where
the polyhydroxy complexes of chromium are located between the layers. An increase in concentration of
chromium above 20 mmol per gram of clay does not lead to further growth of the interlayer distance. This
is probably due to the fact that in the solution non hydrolyzed forms of chromium salt do not affect the
formation of layered-columnar structure.

The dependence of active metals in the catalyst on the product selectivity at different temperatures
range shown in Figure 2. The reaction were conducted with different metal loading catalysts ranging from
0.5 to 2.0 wt.%. As you seen from the figure, almost all synthesized catalysts have shown good selectivity
to C¢ and Cy olefins. When the amount of active metal in the catalyst increases from 0.5 to 2.0% the
selectivity of C4 and Cy decreases and selectivity of C;, and C;s. increases. The highest selectivity catalyst
for Cs (170 °C, 59 %) and C, (150 °C, 35 %) was 1.0%RuNi/MMC and the highest selectivity catalyst for
Ci2 (110 °C, 16 %) and Cys+ (170 °C, 3.1%) was 1.5%RuNi/MMC. Increase in the yield of C;, and C;s.
olefins is due to the increase of the hydrogen spillover by increasing the concentration of nickel and
ruthenium onto the surface of the catalysts, which leads to cracking and other related reactions -
disproportion of seal products. Additionally, taking into account the effect of the temperature to the
product selectivity, in Fig. 2A and 2D can be seen, the increase in temperature was directly proportional to
the formation of Cs and C;s olefins. In Fig. 2B and 2C, the temperature increase from 110 to 150 °C, the
selectivity for Cy increased, and the selectivity for Ci, decreased. Selectivity was opposite when the
temperature continued rise to 170 °C.

The dependence of active metals on the conversion of Cs fractions in various temperature ranges is
shown in Figure 3. While the temperature rises from 110 to 170 °C, the conversion reaches a maximum
value of at 150 °C (Fig. 3). Further increase in temperature had a negative effect on conversion. Also, it
should be noted that the content of ruthenium and nickel is not directly proportional to the catalytic
activity of the catalyst. When the content of ruthenium and nickel were 0.5-1.5 %, occurred an increase in
conversion with increasing temperature, maximum attained with a 1.0 % content. Further increase to
2.0%, there was a decrease in conversion compared to others due to the transition of nanoscale particles to
cluster structures.

— 50 ——
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Conclusion

In propane-propylene oligomerization reaction were used metal supported pillared clay catalysts. It
was found that the modified pillared clay catalyst samples had an optimal process temperature of 150 °C.
The nature of the carrier was investigated by the role of pillaring agent and the active metal to be
supported to the carrier. As a result of experiment, the pillaring of natural clay has significantly improved
its textural properties and has shown good thermal stability at high temperatures (500-600 °C). The
catalyst maintained its textural properties when further modified with active metals. As a result,
synthesized all the catalysts were selective to C¢ and Cy olefins. The resulting catalytic systems are of
interest for simplicity of synthesis, the ability to widely vary the textural properties of the catalyst and the
availability of raw materials - deposits of bentonite clay with a high content of montmorillonite exist in
Kazakhstan.

YK 541.128
P. Tokracein, M. Mbip3axanos, E. Mapkaes

XuMusUTHIK HHXKeHepHs Kadenpacsl, Kasak-bpuTan TeXHUKAIBIK YHUBEPCHUTETI,
Tene 6u 59, Anmartsl K., Kazakcran

MOIUPUIINPJIEHI'EH KABATTBIK K¥PbBIJIBIM/IbI CA3 BAJIIIBIKTHI KATAJIN3ATOPJIAPIA
IMPOITAH-ITPOITMJIEHAI OJIMT'OMEPJIEY

AnHoTanus. [IponaH-nponuieH oJuroMepu3anischiHIa MeTalul OTHIPFBI3BUIFAH TIPEK ca3/bl KaTaau3aTopiiap
KOJIaHbUIABL. Makanaga KaOaTTBIK KypbUIBIMIAY HPOLECIHIH TachIMajJayllbl CHIAThIHA aHTapibIKTail ocep
eTeTiHIiri kepceriireH. SlrHu, Taburn ca3 OaiIbIKKa KaparaHla KaOaTTBIK KYPBUIBIMIAHFaH Ca3 OalIbIKTHIH
apHaiipl 0eTi MEH KEyeKTUIri aiTapibikTaii apTThl. Taburum ca3 Oammbik 140 °C Temmeparypana KeYEKTLTIriH
JKOFAJITBII, MEHIIIKTI GeTiHiH aymansl 62-m1eH 20 M*/r-ra ToMeHaeTeni. byl MoH KabGaTThIK KyphUIBIMAAYIAH Keifin
110 M*/r neiiin ocTi. MenmikTi GeTiHiH aynaHbIMeH KepceTirenseii, katamusaropiap 500-600 °C Temneparypana
KaJIbLMHAIMSA KE3IHJE JKaKChl TEPMMSUIBIK TYPaKTBUIBIKTBI KepcerTi. CoHpaii-ak, OapiblK CHHTE3IENTeH
katanuzaropinap Cg xoHe Co oneduupmepiHe Oiprrama CeJNIEKTHBTUIIK KOPCETTI. AJNBIHFaH HM300Je(UH KOCITachl
THIPJIEY apKbUIbl 3KOJOTHSUIBIK Ta3a OCH3WH, PEaKTUBTI JKOHE JW3e]b OTBIHBI KOCIACHl PETiHIE NaiiJallaHbLTybl
MYMKIH OFapbl OKTaHIbl 6HIMMEH KaMTaMachI3 €TeIi.

Tyiiin ce3aep: KaOaTTHIK KYpBUIBIMIAHFAH ca3 OaIBIK, NPONAH-TIPONMICH QPaKIHsCH], OTBIHABI apajacThIpy
KOMITOHEHT1, KOHBEPCHSI, CEJICKTUBTIIK.
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Kadenpa xumudeckoit nmxenepun Kazaxcko-bpuTaHCKOTO TEXHUYECKOTO YHUBEPCHUTETA,
Toxe 6u 59, Anmarsl, Kazaxcran

OJIUTI'OMEPU3ALINA TPOITAH-ITPOIIMJIIEHOBASA ®PAKIIUA HA MOJUO®UITUPOBAHHBIX
TIMHUCTBIX KATAJIM3MAX

AHHOTanusl. B npomaH-mponuiIeHoOBON oJMroMepu3alii NPUMEHSIM KaTaau3aTopbl Ha OCHOBE TJIMHBI,
HaHECEHHBIN MeTajjioM. beLio IMOKa3aHO, 4YTO IMpPOUECC MNUIJIApUPOBAHHEC OKa3bIBACT CYHICCTBCHHOC BJIWAHUEC Ha
npupoxy Hocuteds. To ecTh yZedbHas IUIOLIagb MOBEPXHOCTH M IOPUCTOCTb CTOJIOYATOW IJIMHBI 3HAYMTEIILHO
YBEIMYIINCH 110 CPaBHEHHWIO C TPHPOAHONW TimHOW. [IpupomHas rimHa mNoOTepsula CBOIO IOPHCTOCTb IPU
temneparype 140 °C, yMeHbIIMIA MIOMAh TOBEPXHOCTH oT 62 0 20 M7/r. Tlocie MILIApUPOBAHHE ITO 3HAUCHHE
yBemmuunock g0 110 m*/r. KaTanmsaTopsl JEMOHCTPHUPOBAIM XOPOIIY) TEPMHUYECKYK CTa0MIBHOCTH IpH
npokamuBanuu ot 500 mo 600 °C, kak yka3aHO ee YAeTbHOH MOBEPXHOCTHI0. Bce CHHTE3MpOBaHHBIE KaTalTU3aTOPHI
MOKa3alli CeJICKTHBHOCTH MO oTHOomeHHto K onepuaaM Cq u Cy. [lomyduerHsie cMecn n3001e(UHOB 00ECTICUUBAIOT
BBICOKOOKTaHOBBIN HPOIYKT, KOTOPBIII MOXKHO HCIIOJIB30BaTh B Ka4eCTBE CMECH JKOJIOTMYECKH YHCTOrO OCH3WHA,
PEaKTUBHOTO M JU3EIBHOIO TOILUTMBA MOCPEACTBOM IHAPHUPOBAHHE.

KaroueBble ciioBa: cron0uaTtas IVIMHA, IPONAH-NIPONMICHOBAs (pPakiys, KOMIIOHEHT JUIi CMEIIHBAHUS
TOIIINBA, KOHBEPCHSI, CENIEKTUBHOCTb.
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HYDROPROCESSING OF DIZEL OIL FRACTIONS ON MODIFIED
ALUMINA CATALYSTS

Abstract. The paper presents the results of a study of hydroforming diesel oil fractions on alumina catalysts
modified with metals of variable valency, the addition of phosphorus and lanthanum. The study of the process of
hydroprocessing of the diesel fractions was carried out in a high-pressure flow unit with a stationary catalyst bed at
temperature of 320-400°C, a pressure of 3 - 4.0 MPa and a volume feed rate of 1-3 h'. The results obtained during
the tests of catalysts in the process of hydroprocessing of diesel oil fractions show that the greatest decrease in the
pour point and turbidity occurs at a temperature of 380—400°C. During the hydroprocessing of the diesel fraction, the
lowest residual sulfur content is observed at a temperature of 400°C.

During the hydroprocessing of the diesel fractions of oil, the catalyst CoO-WOs3- La,05 - P,05-ZSM- Al,O;,
has the greatest hydrodesulfurizing activity. The sulfur content of the catalysate with increasing temperature up to
400°C decreased from 0,560 to 0,0229%. The greatest decrease in the pourpoint and cloudpoint, during the
hydroprocessing of the diesel oil fraction is observed on the catalyst NiO-MoOj;-La,0;-P,05-ZSM-Al,0;: minus 58.9
and minus 57.7°C, respectively.

Physical and chemical characteristics of catalysts are studied. The method of temperature—programmed
desorption of ammonia found that the highest concentration of acid centers has a catalyst NiO-MoO3-La,03-P,0s-
ZSM-A1,0; (31.3-10'4m01 NH;ges /g cat) with Tye= 215°C, which determines its high hydroisomerizing activity in
the processes of hydroprocessing of diesel fractions.

The developed catalysts make it possible to obtain winter grades of diesel fuels with low sulfur content.

Key words: diesel fraction of oil, zeolite, catalyst, hydropurification.

Introduction

Recently, due to the involvement in the processing of high-sulfur oil and the deepening of its
processing, the requirements for catalysts for hydroprocessing gasoline and diesel oil fractions have
increased. According to international standards, a significant restriction of the content of sulfur, benzene,
aromatic and olefin hydrocarbons in motor fuels is required. Existing industrial catalysts for
hydroprocessing of oil fractions in many countries of the world do not meet the increased requirements for
the quality of motor fuels.

In the oil refining industry, hydroprocessing and hydroisomerization processes are increasingly used
to produce high-quality diesel fuels. As a result of hydroprocessing, sulfur, nitrogen compounds,
unsaturated hydrocarbons are removed, thermal stability is increased, the corrosion activity of fuels is
reduced, the formation of sludge during storage is reduced, and the color and smell of motor fuel is
improved. At present, there is a tendency to tighten the requirements for the composition of motor fuels,
the insufficient quality of which is one of the causes of environmental pollution, so the main attention of
many refineries is focused on increasing the depth of hydrodesulfurization. In this regard, catalytic
processes of deep hydroprocessing of oil fractions are of great importance for the production of high-
quality motor fuels at the present stage.

The practical implementation of this direction is associated with the creation of new multifunctional
catalysts that can effectively carry out deep hydroprocessing of diesel fractions in one stage. Catalysts
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based on high-silica zeolites, the activity and selectivity of which is determined by the unique acid-base
and molecular-sieve properties, are very promising in this regard. One of the possible ways to regulate
catalytic properties is the introduction of elements with variable valence into the catalyst and the use its as
modifiers.

At the same time, more attention is paid to the development of a hydroprocessing catalyst for a certain
type of oil product. [1 - 20].

In this work the results of research of catalytic hydroprocessing gasoline and diesel fractions of crude
oil on the new aluminonickel(cobalt),tungsten, molybdenum catalysts supported on Al,O; and modified
with additives of zeolite ZSM-5, phosphorus and lanthanum.

Experimental part

New zeolite-containing aluminum oxide catalysts modified by the introduction of metals with
variable valence and phosphorus were developed and prepared. The catalysts were prepared by
simultaneous impregnation of a mixture of aluminum hydroxide with high-silica zeolite HZSM-5, water-
soluble salts of Nickel, cobalt, molybdenum, tungsten, lanthanum and phosphoric acid. After
impregnation, the catalyst samples were molded at 150°C for 5 hours, then dried at 550°C for 5 hours.

The activity of the synthesized catalysts was studied in the processes of hydroprocessing of diesel oil
fractions. The process was carried out in a flow unit with a stationary catalyst bed at temperatures of 320-
400°C, a volume feed rate of 1-3 hour, a pressure of 3.0-4.0 MPa.

Analysis of sulfur content in raw materials and products was carried out on the SPECTROSCAN
device. Determination of pour point and cloud point was carried out on the device LAZ M2.

Physical and chemical characteristics of catalysts were studied using BET electron microscopy [21]
and temperature-programmed desorption of ammonia [22].

Results and discussion

The catalyst CoO-W0O;-La,0;-P,05-ZSM-Al,O3;was tested in the process of hydroprocessing of diesel
oil fraction (table 1). With an increase in the process temperature from 320 to 400°C, the pour point of the
diesel fraction after its hydroprocessing decreased from minus 18.3 to minus 37.6°C. Cloud point in these
conditions varies from minus 11.3 to minus 36.1°C. The yield of hydro-refined diesel fuel is 95.0-100.0%.
The sulfur content after hydroprocessing of the diesel fraction at 380-400°C on the catalyst CoO-WOs-
La,03-P,05-ZSM-Al,Osdecreases from 0.560 to 0.0229%.

Table 1 - Hydroprocessing of diesel oil fraction on the catalyst CoO-WO;-La,03-P,05-ZSM-ALO;, V=4 h™', P=4.0 MPa

Process Sulphur Pourpoint, °C Cloudpoint, °C Yield, %
temperature, °c content,%
Initial diesel fraction 0,560 -18.3 -11,3 -
320 - -36,1 -28.,5 100
350 - -33,8 -32,0 97,5
380 0,0266 -37,6 -36,1 95,0
400 0,0229 -36,2 -34,6 95,0

When testing the catalyst NiO-WO;-La,0;-P,05-ZSM-Al,Os;during the hydroprocessing of the diesel
fraction of oil, it is shown that the pour point of the diesel fraction at 400°C decreased to minus 38.8°C,
while the pour point of the feedstock is minus 18.3°C. Cloud point in these conditions varies from minus
11.3 to minus 28.8°C. The yield of hydro-refined diesel fuel is 96.1-100.0%. The sulfur content is reduced
from 0.560% in the initial fraction to 0.102% (table 2).

Table 2 - Hydroprocessing of diesel oil fraction on the catalyst NiO-WO;- La,O3- P,Os-ZSM-Al,03, V=2 hour, P=4.0 MPa

Process Sulphur Pourpoint, °C Cloudpoint, °C Yield, %
temperature, °c content,%
Initial diesel fraction 0.560 -18,3 -11,3 -
320 0,453 -30,2 -21,9 100
350 0,367 -35,1 -25,0 99,6
380 0,245 38,1 272 98,5
400 0,102 -38,8 -28,2 96,1
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In the process of hydroprocessing diesel oil fraction at the catalyst NiO-MoQO;-La,05-P,0s-ZSM-
Al Ospour point of the diesel fraction with 320°C decreased from minus 18,3 to minus 35,9°C. When the
process temperature rises to 400°C, the pour point decreases to minus 58.9°C. Cloud point in these
conditions falls from minus 11.3 to minus 57.7°C. The yield of hydroprocessing diesel fuel is 90.0-
100.0% (table 3). Sulfur content is reduced to 0.0536%.

Table 3 - Hydroprocessing of diesel oil fraction
on the catalyst NiO-MoOs- La,0; - P,Os-ZSM- Al,O;, V=4 h'!, P=4.0 MPa

Process temperature, °C Sulphur Pourpoint, °C Cloudpoint, °C Yield, %
content,%
Initial diesel fraction 0,560 -18,3 -11.3 -
320 0,367 -35,9 -30,7 100
350 0,251 51,3 51,0 92,5
380 0,135 -54,9 -48,1 91,0
400 0,0536 -58,9 -57,7 90,0

Table 4 presents the results obtained in the study of the effect of the bulk feed rate on the process of
hydroprocessing of the diesel fraction of oil on the catalyst NiO-MoO;-La,0;-P,05-ZSM-Al,Osat P=4.0
MPa, 400C. When the volume velocity decreases from 3.0 and 1.0 h™', the amount of sulfur in the catalyst
decreases from 0.1942% to 0.0536%. The greatest decrease in pour point and cloud point on this catalyst -
to minus 58, 9 and minus 57.7, respectively - is observed at an optimal volumetric feed rate of 2.0 h™.
Reducing the activity of the catalyst with increasing feed rate is due to a decrease in the contact time of
reacting substances with the active centers of the catalyst.

Table 4 - The effect of the volumetric feed rate of raw materials in the process of hydroprocessing the diesel fraction on the
Catalyst NiO-MOO3-L3203-P205-ZSM-A1203, with P:4,0 MPa, 400°C

V,h! Cloudpont, °C Pourpoint, °C Yield, % Sulphur
content, %
Initial diesel fraction -11,3 -18,3 - 0,560
1,0 57,7 -58,9 84,0 0,0536
2,0 -60,5 -60,7 88,0 0,1848
3,0 -30,8 31,4 100,0 0,1942

From the data presented in table 5, it can be seen that with an increase in pressure in the range of
3.0-4.0 MPa during the hydroprocessing of the diesel fraction of oil on the catalyst NiO-MoO;-La,0O;-
P,05-ZSM-Al,03, the pour point and turbidity with an increase in pressure to 4.0 MPa decrease from
minus 18.3°C to minus 58.9°C, and minus 11.3°C to minus 57.7°C, the sulfur content decreases from 0.560

t0 0.0536%.

Table 5 —The pressure effect on the process of hydroprocessing of the diesel fraction
on the catalyst NiO-Mo00j3-La,0;-P,05-ZSM-AL,O;, V=2 h!, 400°C

P, MPa Cloudpoint, °C Pourpoint, °C Sulphur Yield, %
content, %
Initial diesel fraction -11,3 -18,3 0,560 -
3,0 -32,1 -36,1 0,1110 93,0
3,5 -42.9 -43,1 0,0917 88,0
4,0 -57,7 -58.,9 0,0536 84,0

When testing the catalyst CoO-Mo0Os-La,05-P,05-ZSM-AIL,O;in the process of hydroprocessing the
diesel oil fraction, it was found that with an increase in the process temperature from 320 to 400°C, the
pour point and turbidity of the diesel fraction decreases by 36.7 and 37.1°C, respectively. The yield of
hydroprocessing diesel fuel is 92.0-100.0%. The sulfur content after hydroprocessing of the diesel fraction
at 380-400°C on the catalyst CoO-MoOj;-La,0;-P,05-ZSM-Al,Osdecreases from 0.560 to 0.104% (table 6).
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Table 6 - Effect of temperature on the process of hydroprocessing of the diesel fraction
on the catalyst CoO-Mo00;-La,0;-P,05-ZSM-Al,O;at P=4.0 MPa, V=2.0 h!

Process Cloudpoint, °C Pourpoint, °C Sulphur Yield, %
temperature, °C content,%
Initial diesel fraction -11,3 -18,3 0,560 -
320 -42,8 -47,5 0,448 100,0
350 -48.,4 -49,0 0,323 96,0
380 -44.7 -50,0 0,296 94,0
400 -40,8 -52,7 0,104 92,0

During the hydroprocessing of the diesel fraction of oil containing 0.64% sulfur on the catalyst
C00-Mo00s-La,0;-P,0s5-Fe,03-ZSM-Al1,0sin the range of 320-400°C, A decrease in the pour point from
minus 13.5 to minus 38.4°C(table 7) the cloud point under these conditions varies from minus 12.0 to
minus 38.1°C. The yield of hydroblagged diesel fuel is 94.0-99.0%. The sulfur content is reduced from
0.64 % in the initial fraction to 0.0310% in the resulting catalyst.

Table 7 -Hydroprocessing of the diesel fraction of oil containing 0.64% sulfur
on the catalyst CoO-MoO3-La,03-P,05-Fe,05-ZSM-Al,Ozat P=4.0 MPa, V=2.0 h!

Process temperature, Cloudpoint, °C Pourpoint,’C Sulphur Yield, %
°c content, %

Initial diesel fraction -12,0 -13,5 0,64 -
320 -16,0 -16,3 0,39 97
350 21,2 -21,5 0,28 99
380 -33,0 -33.3 0,11 99
400 -38,1 -38,4 0,031 94

The analysis of the test results of the developed catalysts in the process of hydroprocessing of diesel
oil fractions shows that the greatest decrease in the pour point and cloud point of hydroblagged fuel occurs
at temperature of 380 — 400°C. During the hydroprocessing of the diesel fraction, the lowest residual
sulfur content is observed at temperature of 400°C.

In the study of the process of hydroprocessing of diesel oil fractions on the studied catalysts, it was
established that the greatest decrease in the pour point and turbidity is observed on the catalyst NiO-
Mo0O;-La,03-P,05-ZSM-Al,0zand is equal to minus 58.9 and minus 57.7°C, respectively, at an
experiment temperature of 400°C. The hydrodesulfurizing activity of CoO-WOs-La,03-P,05-ZSM-
Al,Osis significantly higher than that of other catalysts studied: the sulfur content decreases to 0.0229%.

During the hydroprocessing of the diesel fraction at 400°C and the bulk speed of the raw material
from 2.0 h', the greatest hydrodesulfurizing activity varies in a number of catalysts (%): CoO-WOs-
La203-P205-ZSM-A1203 (0,0229%) <COO-MOO3-Lazo3-PzOS-Fezo3-ZSM-A1203 ( 0,031%)< NiO-MOO3-
La203— ons-HZSM-AIQO3 (0,0536%) <COO-MOO3-L3203- ons-ZSM-AIQO3 (0,104%)

The studied catalysts make it possible to obtain winter grades of diesel fuels with low sulfur content.

The activity of catalysts is associated with the size of their surface and acid-base characteristics.
Physical and chemical characteristics of catalysts were studied using BET methods and temperature—
programmed desorption of ammonia. By the BET method it is established that the surface of the
developed catalysts fluctuates within 211,0-274,0 m*/g of the catalyst. The catalysts are characterized by
pores with d = 1.5-2.5 nm and d = 7.0 nm. The total volume of catalyst pores does not exceed 0.28-0.41
ml/g of catalyst.

Acid-base characteristics of catalysts are essential for the processing of hydrocarbons. Acid
characteristics of catalysts were investigated by temperature—programmed desorption of ammonia (table 8).




News of the Academy of sciences of the Republic of Kazakhstan

Table 8 - Acid-base characteristics of catalysts

The catalysts Temperature of the high|Amount of desorbed >NH; desorbed
peaks, °C ammonia, 10 mol/gcat. 10" mol/gcat.
1 2 1 2

NiO-WOs;- La,05- P,05-ZSM- Al,O4 — 195 — 21,0 21,0

Co0-WO0s-La,05-P,05-ZSM-AL,0; — 210 — 26,0 26,0

NiO-Mo0;-La,05-P,05-ZSM-Al1,05 — 215 — 31,3 31,3

Co00-Mo00s3-La,05-P,05-ZSM-AL,0; 175 220 10,2 9,5 19,7

C00-Mo003;-La,05-P,05-Fe,05-ZSM-AL0; 150 265 4,5 5,5 10,0

From the data presented in table 8, it can be seen that on the surface of the catalysts NiO-WOs-La,0;-
P205-ZSM-A1203, COO—WO3—La203—P205—ZSM—A1203, NiO-MOO3-LaQO3-P205-ZSM—A1203, there are
strong acid centers with Tqe equal to 195, 210 , 215°C, respectively. The amount of ammonia desorbed
from the surface of NiO-WO;-La,05-P,05-ZSM- Al,O5 is 21.0'10'4molNH3des/g cat. The number of acid
centers of CoO-WO;-La,03-P,05-ZSM-AlL,Oscatalyst is 26.0¢10*mol NH; des/g cat. The concentration of
acid centers on the catalyst NiO-Mo0O;-La,0;-P,05-ZSM-Al,0; above — 31.3-10'4m01NH3des/g cat. Two
forms of adsorbed ammonia with Ty equal to 175 and 220°C were found on the surface of the catalyst
Co0-M005-Lay03-P,05-ZSM-A1,05. Their number is close to 10.2 and 9.5 mol NH;4.s/g cat, respectively.
The total amount of NHsges = 19.7 10*molNH;qes/ g cat. The total amount of ammonia desorbed from the
surface of CoO-Mo0O;-La,053-P,05-Fe,05-ZSM-ALO; is significantly lower than 10.0¢10*mol NH; des/8
cat. This catalyst is characterized by the presence of the most loosely bound and most strongly bound
forms of ammonia in comparison with other studied catalysts: with Ty equal to 150°C and 265°C.

It should be noted that the highest concentration of acid centers has the catalyst NiO-MoOs-La,05-
PZOS-ZSM-A1203(31,3-10'4m01NH3 des/g cat) Tge= 215°C, which determines its high hydroisomerized
activity in the processes of hydroprocessing diesel fractions.

Thus, the developed multifunctional modified alumina catalysts of hydroprocessing diesel oil
fractions, which are simultaneously in one step carry out hydroprocessing, hydrocracking and
hydroisomerization, which allows to obtain low-sulfur waxy diesel fuel.

The source of research funding: Work performed under scientific and technical program: No.
BR05236739 "Establishing the foundations of production products of oil and gas processing on the basis
of domestic technologies".

B.T. Tyktun, A.C. TennzoaeBa, H.A. llammar, A.3. Aduabmar:kanoB, A.A. lllanosaJioB
«/1.B. Cokonbckuii aTeiHOars! JKanapMaid, KaTaiam3 skoHe IeKTpoxuMust HHCTUTYTe AK, Anmartel, Kazakcran

MYHAWIBIH JU3EJbIIK ®PAKIUSIIAPEIH MOJINO®UIIMPEHTEH AJTIOMOOKCH/TI
KATAJIN3ATOPJIAPJIA THIPOOH/IEY

Annoranusi JKywmbicTa MyHaWJIbIH IU3eNBAIK (paklMsUIapblH aybIClaibl BaJeHTTI MmertaiaapMmel, docdop
KOHE JIAaHTaH KOCHaJapbIMeH MOAM(MUIMPIICHIeH aTIOMOOKCUATI KaTajJM3aTOPbIHAA THIPOXKAKCApTy IPOLECiH
3epTTey HOTIKeNepi Kepcerinren. Ju3enbaik pakuusIapasl THAPOSHIEY mpouecTepinae seprreyiep 320-400°C
TeMmmepaTrypana, KbichiMbl 3-4,0 MIla jkoHe WIMKi3aT OepinydiH KeTeMIiK >KeULIaMibFel 1-3 car' Gombin
KaTaJIM3aTOPABIH TYPAaKThl KaOaThIHIIA aFbIMIBI KOHABIPFBIA KYprizunmi. KatamuzaTtopmapasl cblHAY HOTIDKECIHIE
MYHaHIBIH AU3ENbIiK (GpaKsIapblH THAPOOHICY HPOLECTEPIH/AE JTallaHy XKOHE KATy TEeMIEPaTypalapblHbIH €H
ke Temenzeyi 380 - 400°C TemmepaTypanapaa 6onaThIHI KepceTiaai. Ju3ebaik Gpakuusiap/sl THAPOSOHIereHIe
eH a3 kykipt memnurepi 400°C Temneparypana Oaiikanasl. MyHaiIbIH AW3ENbAIK (PAKUUACHIH THAPOOHIETEHIE SH
YIKeH THApoKyKipTeizmeHaipy aktuBTimirii  CoO-WO;-La,0;-P,05-ZSM-ALL,O;  kaTamu3aTopsl  KeOpCETTi.
Temmeparypa 400C-ka meifin eckeHie KaTanu3aTTarsl KyKipTTiH Memmepi 0,560-tan 0,0229%-ra keminai. MyHaiapH
JU3ENbIIK (GpaKIUsIAPhIH THAPOOHICTCHIC KaTy KOHE JIallaHy TemIeparypaiapbl eH ken teMenaeyi NiO-MoOs-
La,0;-P,05-ZSM-Al,O; katanuzatopsisa Oaikanab: MUHYC 58,9 KaTy KoHE MUHYC 57,7°C nainany.

KaranuzaropnapablH (H3MKa-XUMUSUIBIK KacHeTTepi 3epTTeiji. AMMHUAKTHIH TeMIleparypa-0araapiiamMmaibl
JiecopOust otici OOMBIHINA KBIIIKBUIIBIK OPTAIBIKTApIbIH eH yikeH Menmepi NiO-MoO;-La,03-P,0s-ZSM-AL 05
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katammaropeiaaa (31,3-10% moms NHie /r kaT. Tee=  215°C) Gompim , omap ausens (pakuusiapbiH
THUIPOOHIIETEH/IE )KOFaphl THAPOU30MEpPIICY aKTUBTLIITIH aHBIKTAHIbI.

JKacanmeiHFaH KaTanmu3aTopiap KyKipTi a3 KICTBIK COPTTHI TU3ENb OTHIHIAPHIH alTyFa MYMKIHAIK Oeperi.

Tyiiin ce3nep: MyHalbIH AU3ENbIIK (paKUUsIChI, IEOJIUT, KATANN3aTOP, THIPOTA3aPTy

B.T. Tyktun, A.C. Tenn3oaeBa, H.A. lllammar , A.3. Aduabpmar:kanos, A.A. lllanoBajios
AO "HHcTUTYT ToIIMBa, KaTanu3a u aekrpoxuMuu uM. J[.B. Cokonbckoro", Anmarsl, Kazaxcran

TAJIPONEPEPABOTKA JIM3EJIbHBIX ®PAKIIAA HE®TU HA MOJUPUIIUPOBAHHBIX
AJIIOMOOKCHUIHBIX KATAJIN3ATOPAX

AHHoTanusi B pabore npuBeaeHs! pe3yIbTaThl NCCIEIOBAHMS THAPOOOIAropa>KMBaHMUsI U3EIBbHBIX  (paKIui
He()TH Ha AJTFOMOOKCHIHBIX KaTalM3aTopax, MOIU(HUIMPOBAHHEIX METAUIAMH C NEPEMEHHOH BaJICHTHOCTHIO,
nobaskamu (ocdopa u nanTaHa. MccnenoBanue nporecca THAPOnepepadoTKy AU3eIbHBIX (HpaKLuid IPOBOIMUIOCH B
MIPOTOYHOI yCTaHOBKE BBICOKOTO JIABJICHHUS CO CTAIIMOHAPHBIM CIIOEM KaTalln3aTopa IpH TeMIepaTypax 320-400°C,
naenennu 3-4,0 MIIa 1 06beMHOIl CKOPOCTH TOJAuH ChIpbs 1-3 u'. Pe3ynbTaThl, MOTYYEHHbIE TIPU MCIIHITAHHAX
KaTaJlM3aTopoB B TIpOLECcCe THIPONEpepadOTKH OU3EIbHBIX (pakuuii He(TH, MOKa3bIBAIOT, YTO HauOOJbIIee
CHIDKGHHME TEMIIEpPaTyphl 3aCTHIBAHHS M TMOMYTHEHHS —NPOMCXOAMT mpu Temmeparypax 380 - 400°C. Ilpu
THIporepepadoTKe IU3eNbHBIX (PAaKIUi HaMMEHbIEE  OCTaTOYHOE COJEpXKAaHHE cepbl HaOJojaeTcs Ipu
temrepatype 400°C.

[Ipu rupponepepaboTke nu3eNbHBIX (pakuuii HedTw HamboJbmIeld THApooOEeccepHBaIOIEl AKTUBHOCTHIO
obmamaer xkartamuzatop CoO-WOj;3-La,03-P,05-ZSM-AL,O;. Copmepkanue cepel B Karajam3are C POCTOM
temneparypsl g0 400°C camsmiock ¢ 0,560 10 0,0229%. HamGombllee CHUKEHME TEMIIEPATYphl 3aCTHIBAHHS H
MOMYTHEHUSI TIpU THIponepepadOTKe MU3ENBHBIX (paknmid HedTr Habmomaercs Ha Karammzarope NiO-MoOs-
La;0;-P,05-ZSM-A1,0;: munyc 58,9 1 MuHyc 57,7°C COOTBETCTBEHHO.

W3ydeHsl  (GHU3MKO-XMMHYECKHE  XapaKTEePHCTHKU KaTaau3aTopoB.  MeTonoM  TeMIepaTypHO—
MPOrpaMMHPOBAHHON AECOPOIMM aMMHaKa YCTaHOBJIEHO , YTO HauOOIbIIEH KOHLEHTPALUEH KHUCIOTHBIX LIEHTPOB
obmamaer karammsatop NiO-MoOs-La,05-P,05-ZSM-AL 05 (31,3107 Momb NHs /1 kaT-pa) ¢ Tree= 215°C, uto 1
OIpEJEIsIET €ro BBICOKYIO THIPOM30MEPH3YIOIIYI0O aKTHBHOCTh B IPOIECCax THIPONEPEepadOTKH  JU3EIbHBIX
(hpakumii.

PazpaboTanHble  KaTaJn3aTopbl IIO3BOJSIIOT IOJy4aTh 3WMHHE COpPTa JU3EIbHBIX TOIUIMB C HU3KUM
COJICPIKaHHUEM CEPBI.

KitroueBble ciioBa: au3enbHas Gpakuus HeTH, LEONNT, KaTaIU3aTopP, THAPOOIHCTKA
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SORPTION ABILITY OF MODIFIED NANO-CARBON MATERIALS

Abstract. In this work expanded graphite (EG) and carbonized rice husk (CRH) were obtained by heat
treatment at different temperatures and by using different activating conditions.The samples were tested as sorbent
for oil in water. The oil removal efficiency of carbonized rice husks and expanded graphite, were studied as an
adsorbent for the removal of emulsified oils from wastewater. Results showed that the oil removal efficiency
increased to 10-15 % in the case ofEG samples after base leaching.As concerns as the carbonized rice husk samples
the adsorption capacities are similar and no particular variation with the activation temperature are detected. As a
general result the carbonization process induced an increase of the adsorption capacities.Samples were purified and
characterized by SEM-EDAX, FTIR, elemental analysis, Proximate analysis and ICP MS.

Keywords: Carbonized rice husk;expanded graphite; Oily wastewater; Adsorbent; Oil removal efficiency.

Introduction

Oil and oil-derivative are the most dangerous water contaminants in Kazakhstan. The oil pollution
causes serious environmental problems to aquatic organisms and humans due to the high toxicity of many
oil components[8]. The removal of oil and oil-derivative from wastewater by adsorption on solid sorbents
is one feasible option to purify waters. To this aim we have prepared solid carbon-based sorbents by heat
treatment of natural graphite and rice husk[1]. The aim of my internship at IRC-CNR was the
characterization of these materials and the collection of preliminary data about their oil adsorption
capacity.

1. MATERIALS AND METHODS

Sample preparation

Natural graphite (NG) of the Zavalievsky deposit of Ukraine has been used (Zavalievsky Graphite
Ltd., Ukraine, Kiev). Natural flake graphite, grade GTO-92, consist of 92.8 wt.% in carbon. Rice husk
(RH) has been recovered from a deposit of the filed Kyzylorda in Kazakhstan. EG has been produced at
al-Farabi University of Kazakhstan by a heat treatment method (Fig. 1). This is a very simple method in
which a mechanical mixture of natural graphite and crystalline zinc nitrate hydrate (Zn(NO;), x 6H,0) has
been heated in air in a muffle furnace for 20 minutes at variable final temperature. The experimental
conditions are listed in the Table 1.

o)
—
o]
L <]
|-l
-
B
=
[=]
=
7

Final

ioan los nd
PivuUuLl

1
\/
il

o

Figure 1 - Scheme of the synthesis of the expanded graphite
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Table 1 - Experimental conditions for expanded graphite synthesis

Samples labels Percentage of components, wt. % Final temperature, °C
EG350(80/20) 20% NG 80% Zn(NOs), x 6 H,0 350
EG 400(80/20) 20% NG 80% Zn(NO3), x 6 H,O 400
EG 600 (80/20) 20% NG 80% Zn(NOs), x 6 H,0O 600
EG 800(80/20) 20% NG 80% Zn(NOs), x 6 H,0 800
EG 500(70/30) 30% NG 70% Zn(NOs), x 6 H,0 500
EG 600 (70/30) 30% NG 70% Zn(NOs), x 6 H,0 600
EG 1000(80/20) 20% NG 80% FeCl;x 6 H,O 1000

The RH carbonization has been performed at the Institute of Combustion Problems in Kazakhstan. 15
g of RH were carbonized in a home-made reactor (Fig. 2) under argon atmosphere at different
temperatures for 1 h (Table 2.).

1

Rk

Figure 2 - Schematic diagram the RH carbonization setup. 1. argon cylinder, 2. mass flowmeter,
3. temperature controller, 4. carbonization rector, 5. iron crucible

Table 2 - Experimental condition for carbonized RH synthesis

Samples labels Carbonization temperature, °C Carbonization time, hour
CRH 600 600 1
CRH 700 700 1
CRH 800 800 1
CRH 900 900 1

Washing. The samples have been purified at the IRC-CNR of Naples. 0.3 g of EG 600(70/30) and
CRH 600 have been stirred with 50 mL of distilled water for 30 minutes and filtered on a Millipore FHUP
0.45 Om filter membrane. The solid has been recovered and allowed to dry at 105 °C overnight[2,8].

Base leaching. Base leaching treatment was performed in order to remove Zn oxide impurities from
the graphitic surface. This treatment was performed on the two EG samples obtained with 70:30 ratio at
500 and 600 °C. These samples have been selected since they exhibited the highest carbon content among
the EG samples obtained by using zinc nitrate as activation agent. The base treatment was performed on
0.4 g of material by adding 50 mL of 5M sodium hydroxide (NaOH) solution under stirring at the
temperature of 90 °C for 2 h. After cooling to room temperature, the solid was recovered by filtration and
washed until neutrality (about 200 ml of water)[3,8].

2. RESULTS AND DISCUSSION

Oil adsorption test.

Oil adsorption tests have been performed accordingly to the procedure reported in [5]. To this aim
small boxes with a capacity of ~2 mL have been prepared by using a stainless steel metal grid (~100 Om
pore dimensions) (Fig.3a). Each box has been filled with 0.1 g of sample (sample granulometry above 300
[Om) and dipped for 5 minutes in a 100 mL beaker containing 50 mL of water and 1 g of oil (Figs. 3 b,c).
After the oil adsorption, the box was allowed dripping for 24 hours (Fig. 3d). After that time the box with
the sample was dried at 60 °C overnight. In the oil absorption tests a commercial carbon black (CB N110
type) was also used for comparison[4,5].

— (4 ——
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Figure 3 - Oil adsorption procedure

The oil sorption capacity was calculated as follows [7]:

Oil sorption capacity (g/g) = (S«-So)/So

Where S, is the initial mass of the sorbent, Syis the weight of the spent sorbent (sorbent containing
adsorbed oil at the end of the sorption test).

The results of the washing process are reported in Table 3.

Table 3 - Washing results

Name of samples Water, ml Time of mix, min Yield, %
EG600(70/30) 50 30 93.5
CRH 600 50 30 94.2

The results of ICPMS analyses of the liquids recovered after washings are reported in the table below
(Table 4).

Table 4 - ICP-MS results (quantities are expressed in ppm)

sample EG 600(70/30) CRH600
Na 67.45 165.8
Mg 522.1 936.6
K 236.3 15830
Ca 707.5 1047
Mn 13.82 46.6
Fe <10 <10
Co <10 <10
Ni <10 <10
Cu <10 <10
Zn 1636 5.648
As <10 <10
Sr 4.096 11.64
Zr <10 <10
Mo 0.6923 0.6515
Cd 0.7217 0.6565
Ba 1.515 0.703

The results of base leaching are reported in Table 5. It is worth of note that after this purification step
about 40% of material (inorganic matter) was removed.
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Table 5 - base leaching results

Name of samples NaOH, mL Time of stirring, h Yield, %
EG500 (70/30) 50 2 62.6
EG600(70/30) 50 2 61.0

2.1 Materials morphology

SEM images in Fig. 4 show the typical structure of NG and of EG sample obtained at temperature
350 °C (EG350 (80/20)). As a result of thermal expansion graphite increases in volume due to the salts
intercalation which leads to the formation of multilayer thermally expanded graphite.
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Figure 4 -SEM images of natural graphite (NG, upper row) and expanded graphite obtained
at the temperature of 350 °C (lower row) at different magnifications

The SEM imaging revealed that inorganic matter is present in EG350(70/30) sample, probably zinc or
iron oxides (Fig. 5).

Figure 5 - SEM images of expanded graphite (EG350(70/30) before NaOH treatment
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SEM imaging was also performed on the expanded graphite after base leaching. The samples appear
overall more homogeneous (Fig. 6).

Figure 6 - SEM images of expanded graphite (EG350(70/30) before (left panel) and after (right panel) leaching by NaOH

SEM imaging on raw rice husk and carbonized rice husk at 600 °C (CRH600) are reported in figure 7.

- W —
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Figure 7 - SEM images Rice husk (RH) and carbonized Rice husk (CRH600) at different magnifications

Overall it can be observed that the carbonization process does not significantly alter the macroscopic
morphology of the RH.

The results of oil sorption capacity are shown in Table 6 and Fig. 8.
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Sorbent Ssi, Mass of the spent Sy, mass of sorbent, g Oil sorption capacity, g/g
sorbent (sorbenttoil), g
NG 0.42 0.10 1.8
EG 500(70/30) before leaching 0.99 0.10 6.0
EG 500(70/30) after leaching 0.87 0.10 7.1
EG 600(70/30) before leaching 1.1 0.10 5.6
EG 600(70/30) after leaching 0.78 0.10 6.2
RH 0.35 0.10 1.2
CRH 600 0.73 0.10 3.1
CRH 700 0.67 0.10 33
CRH 800 0.69 0.10 3.7
CRH 900 0.66 0.10 32
CB 0.56 0.10 2.6
HNG-derived samples RH- derived samples

Sorption capacity, g/g

Sorption capacity, g/g

©
w

':

ieaching leachi

and RH — derived samples (right). CB is also reported for comparison.

The oil adsorption results indicated that EG samples after base leaching are the best adsorbents with
an increase of 10-15 % compared to the not purified samples. It is noteworthy that as a general trend all

the EG samples exhibit an adsorption capacity at least three-fold higher than NG.

As concerns as the CRH samples the adsorption capacities are similar and no particular variation with
the activation temperature are detected. As a general result the carbonization process induced an increase

of the adsorption capacities[6].

It is worth to note that the adsorption capacities estimated for the all heat-treated samples are quite
higher compared to available literature data [7,8], as reported in Fig. 9 where oil absorption performances

of acetic anhydride treated corncobs, an abundant biodegradable agricultural waste, are reported.
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Figure 9 - Crude oil sorption capacity (g/g) of corncobs ad different sorption time
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3.Conclusions

In this work expanded graphite (EG) and carbonized rice husk (CRH) were obtained by heat treatment
at different temperatures and by using different activating conditions. Samples were purified and
characterized by SEM-EDAX, FTIR, elemental analysis, Proximate analysis and [CP MS. The samples
were tested as sorbent for oil in water.

EG samples after base leaching are the best oil sorbents with an increase of 10-15 % compared to the
not purified samples. It is noteworthy that as a general trend all the EG samples exhibit an adsorption
capacity at least three-fold higher than NG.

As concerns as the carbonized rice husk samples the adsorption capacities are similar and no
particular variation with the activation temperature are detected. As a general result the carbonization
process induced an increase of the adsorption capacities.

It is worth to note that the adsorption capacities estimated for the all heat-treated samples are quite
higher compared to available literature data.
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COPBIIMOHHAS CIIOCOBHOCTb MOJIN®UIINPOBAHHBIX
HAHO-YIJIEPOJHBIX MATEPHUAJIOB

AnHotanusi. B atoit pabore pacummpennsiii rpadur (PI') u kapobonusuposanuas pucosas menyxa (KPLL) 6puin
MOJy4eHbl TEPMHUYECKONH OOpabOTKOW MpH Pa3iMyYHBIX TeMIeparypax M C HCIOJIb30BAHUEM PA3JIHYHBIX YCIOBHN
aktuBaru. OOpasibl ObLIM UCIBITAHBI B Ka4eCTBE cOpOeHTa Uit HeTH B Boae. DPHEKTUBHOCT yAaICHUS Macia
13 KapOOHM3MPOBAHHON PHUCOBOH LIETYXU M BCIEHEHHOTO TpaduTa n3ydanack B Ka4yecTBe aacopOeHTa Ui yJaleHus
SMYJITUPOBaHHBIX Macel M3 CTOYHBIX BOA. Pe3ynbrarel mMmokazaiad, 4YTo 3(PQEKTUBHOCTH YJaJeHUS Macia
yBenmmumiaack g0 10-15% B ciyuae oOpasuoB PI' mocie ocHoBHOro BhimienaumBaHusa. UTo Kacaercst o0OpasloB
KapOOHM3MPOBAaHHOW PHCOBOM HIEITYXH, aACOPOLIMOHHBIE CIIOCOOHOCTH aHAJIOTMYHBI, 1 HUKAKHX 0COOBIX U3MEHEHHH
B 3aBHCHUMOCTH OT TEMIIEpaTyphl aKTHBAMKM He oOHapykeHo. Kak oOmmii pesyipraT, Imporecc KapOOHH3aIUN
BBI3BAN yBEIMUYCHHUE aICOPOIMOHHON eMKoCcTH. OOpa3Iisl ObUTH OYHIIEHBI U 0XapaKTePH30BaHBI C MOMOIIbI0 SEM-
EDAX, FTIR, anemeHTHOTO aHamm3a, MpoKkcuMaisHoro anaim3a u [CP MS.

KioueBbie cioBa:KapObonm3oBaHHast prucoBas IIENyXa, PACIIMPEHHBIA TpaduT, MacisHbIE CTOYHBIC BOJBI,
ancopOeHT, 3 (peKTHBHOCTE yaaneHus Macia.
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MOJUPUIUPJIEHTI'EH HAHO-KOMIPTEKTI MATEPUAJIJIAPBIHBIH
COPBIIUAJIBIK KACUETTEPI

Annoranus. byn xxymricta keHeirtinred rpadgut (EG) sxoHe xapOoHm3ammsuianrad kypim kays3sl (CRH) op
TYpJl TemIeparypaia TepMIBUIBIK OHJEY JKOHE dp TYpIi OeJceHIipy KaFmaiimapsl apKbUThI anblHABL. ChIHaMamap
CyImarbl Myail yIIiH copOeHT peTiHae chiHaimel. KapOoHM3anWsuIaHFaH Kypill Kay3sl MEH KeHEUTINreH rpaduTThIH
cyJapIaH SMYJIbTUPICHICH MailapIsl aly YIIH aficopOeHT peTinae 3epTreinni. HoTmkenep KkepceTkeHae, MyHai
CiHipyaiH THiMaiTiri 6a3ansik maimanaynan keiin KI© yarinepinge 10-15% -ra pefiin aptrel. KapOoHuzanusuianrasn
KYpill Kay3sl YATUIepiHAE aacopOIMsUIBIK YKCACTHIFBI Oap jKoHE OelCeHIipy TeMIepaTypachl aHBIKTAJIFaH JKOK.
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Kanmer HoTMKE peTiHZEe KapOOHHM3aUMsUIay TMpoIeci ancopOUMsUIBIK MYMKIHIIKTEpOi apTTBIpABL. YJTiiep
tazapteuiasl s)koHe SEM-EDAX, FTIR, anemenranpas! Tanaay, [llamamen tannay xone ICP MS cumarrangsr.

Tyiiin ce3nep: KapOonmsmenreH Kypim Kaysbl, KeHEHTinreH rpadur, cy OeTiHAeri MyaHaid, amcopOeHrT,
3¢ GEKTUBTIUTIKTI JKOFO.
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THE USAGE OF VEGETABLE RAW MATERIALS IN THE
PRODUCTION OF COTTAGE CHEESE PRODUCTS

Abstract. In the present work the technology of production of cottage cheese products based on the use of
herbal supplements is considered. Fiber and stevia are used as products that increase the nutritional value of the
product. The results of experimental studies show that the addition of plant components have a positive effect on the
quality and nutritional value of the product.

Key words: cottage cheese, cottage cheese products, fiber, stevia.

Milk and dairy products are obligatory and irreplaceable food of the person. Kazakhstan is one of the
twenty world consumers of milk and dairy products and is a large dairy market. The volume of
consumption of milk and dairy products in natural terms in Kazakhstan annually increases by an average
of 9% per year over the past five years [1].

In order to increase agricultural production with an emphasis on the most popular types of food and
the development of exports of processed agricultural products, in the coming period it is necessary to
provide maximum coverage of agricultural producers with state support by creating favorable conditions
and infrastructure for the production of primary processing, storage and marketing of competitive
products[2].

Also, Government of Kazakhstan has been done a larger work in developing strategic framework
regarding safety of organic food, that are aiming to get an healthy and functional food products[3].

One of the leading ingredients among food processors, including dairy products, are dietary fibers.
Diets that rich in dietary fiber have a positive impact on human health, as their consumption reduces the
risk of cancer. The use of dietary fiber in the form of fiber and bran can enrich the product with insoluble
dietary fiber, reduce the deficit of their consumption. The influence of vegetable additives on the
properties and chemical composition of cottage cheese products was studied. According to the study, the
protein content increased by 1.92% [4].

The state program of development of agro-industrial complex of the Republic of Kazakhstan for 2017
- 2021, in accordance with the strategic objectives of the development of Kazakhstan, outlined in the
National Plan "100 concrete steps" and the Strategy "Kazakhstan-2050" will be aimed at ensuring the
internal needs of the population by popular types of agricultural products, the definition of a targeted
export policy.

According to statistics for 11 months of 2018, Kazakh companies have provided demand for milk and
cream by 96.2%, against 94% in the same period a year earlier; for cheese and cottage cheese — by
56.5%.

There was a significant increase of exports of milk and cream: just 47.6% per year. Export of cheese
and cottage cheese products also increased by 4.2% [5]. The dynamics of growth in demand for dairy
products in the Republic of Kazakhstan is shown in figure 1.
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Figure 1 - Demand for dairy products

Cottage cheese production in Kazakhstan is concentrated mainly in the following regions: Almaty
region: 26.7%, East Kazakhstan region (12.7%) and Almaty (11.7%).The data are shown in figure 2.

11,70%
B Almaty region

M East Kazakhstan region

Almaty city

Figure 2 - Leaders of cheese and cottage cheese production

Among the producers of milk and cream Almaty region is also among the leaders: 113.7 thousand
tons, production growth by 13% per year. In addition, North Kazakhstan (140,8 thousand tons, +20% for
the year) and Kostanay (78,3 thousand tons, -1% for the year) regions entered the top three "dairy"
regions.

As noted, at the end of 2017 Almaty region was the leader in the production of dairy products, but the
data for 2018 in the regional context were not provided [6].

The current level of human nutrition is unsatisfactory both quantitatively and qualitatively. The
qualitative aspect of nutrition is associated with a deficiency in the diet: a full protein, polyunsaturated
fatty acids, vitamins, minerals, dietary fibers. In accordance with the changes in the structure of nutrition
of the population and the existing protein deficiency, special attention is paid to the creation of new
biologically valuable protein products, including dairy products.

Dairy products have long been considered one of the most popular foods in the diet of mankind. New
products in this industry have a number of advantages and demand. The use of non-traditional methods in
production will make it possible to save resources[7,8].
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According to modern concepts of nutrition science, cottage cheese as a protein product is of great
importance for a balanced diet of people. In this regard, the question of expanding the range of cottage
cheese is relevant. In this regard, various fillers are added to the cottage cheese, which has a complex of
taste, medical,dietary and nutritional properties. One of the promising directions of expanding the range is
the production of various types of functional products based on milk with the addition of plant ingredients
[9].

With the passage of circumstances and the modern rhythm of life, the factors depleting the human
body has increased markedly. Therefore, the enrichment of cottage cheese products with vegetable
additives, with higher nutritional properties and immuno-enhancing actions are an important factor.
Biologically active additives are ingredients of non-dairy origin, but the development of current
technology allows to enrich the composition of food by any methods.

Analysis of the market of protein foods shows increasing consumer interest in cottage cheese and
cottage cheese products as the most affordable for all segments of the population.

The high nutritional value of cottage cheese is due to the increased content of amino acids important
for the body, especially methionine, lysine. The high content of mineral substances in cottage cheese has a
positive effect on the construction of tissues and bone formation[10].

Cottage cheese— fermented milk product obtained by fermentation of milk with subsequent removal
of whey.

Cheese contains protein, minerals, lactose (milk sugar), fat, enzymes, vitamins a, D, C and b vitamins
are Also in large quantity are calcium, iron, phosphorus. The vitamin composition of cottage cheese is
shown in table 1.

Table 1- vitamin Content in cottage cheese.

Vitamins Content in cottage Daily norms of The percentage of content in 100 gr.
cheese vitamins cottage cheese from the daily rate (%)
Vitamin C (ascorbic acid) 0.5mg 75 mg 0.66
Vitamin B1 (thiamine) 0.04 mg 2.25mg 1.7
Vitamin B2 (riboflavin) 0.31 mg 2.50 mg 12.4
Vitamin B3 (PP, niacin) 3.17 mg 15 mg 21.1
Vitamin A (retinol) 0.08 mg 1 mg 8

Useful properties of cottage cheese are caused by its curative structure. Milk protein — casein,
contained in cottage cheese, has a high nutritional value and can replace animal proteins.

Cottage cheese products enriched with cereals and berries, improve the activity of the gastrointestinal
tract, normalize intestinal peristalsis. It regulates the functions of the nervous, digestive, cardiovascular
and muscular systems [11]. For the effective solution of actual problems in the field of
nutrition and health of residents of the Republic of Kazakhstan, the production of cottage cheese enriched
with cereals is a promising direction.

In this aspect, the actual task is to develop the technology of cottage cheese products characterized by
high levels of nutritional and biological value with a given composition and properties based on the
addition of natural components of plant origin.

The developed technology of cottage cheese enriched with wheat bran is a source of fiber, essential
macro-and microelements, b vitamins, vitamins E and A. Fiber is especially important for the good
functioning of the intestine and the normal functioning of the digestive system as a whole[12].

Regular inclusion of fiber in the diet contributes to the maintenance of normal intestinal microflora,
prevents the development or exacerbation of diabetes, significantly reduces the risk of cardiovascular
disease, normalizes the functions of the liver and gallbladder, radionuclides and slags, is powerful
prevention of cancer, in particular, colon cancer [13,14].
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According to medical research, almost the entire population of the world suffers from fiber deficiency
to one degree or another. In the average person uses from 5 to 15 g of fiber per day, while the body needs
much more — about 40 g per day (for people with diabetes, - 50 g) with the energy value of the diet of
2500 kcal. It is this amount of dietary fiber that ensures the normal functioning of all organs and systems
of the body [15]. Given that a significant part of the population prefers to consume cottage cheese with
sugar, it is advisable to develop a cottage cheese with fiber and the addition of sugar substitutes.

The market for low-calorie sweeteners has developed very rapidly over the past 30 years, and there is
no doubt that some developments in the field of food ingredients have recently been very important. The
range, composition, and quality of foods that use sweeteners, especially in the dietary and low-calorie
sector, have undergone significant changes in recent years [16,17]. Currently, manufacturers have the
opportunity to offer a large part of the population food products that are fully consistent with or even
superior to similar types of products made on sugar and have additional functional properties. One of such
possibilities is the replacement of high-calorie sugars with low-calorie sweetening additives of plant origin
— a natural sweetener from stevia [18,19,20].

It is necessary to note an important property of stevia — its high antioxidant activity [21].

The purpose of this study is to develop the technology of cottage cheese products of increased biological
value. As plant additives, wheat fiber and a substitute for sugar of plant origin —stevia were used.

During the experimental study, standard methods of analysis were used:

- determination of acidity by titrimetric method;

- definition of protein by the method of formoltitration;

- determination of moisture cottage cheese and cottage cheese products by drying to constant weight;

- determination of lactose by refractometric method;

- determination of pH by potentiometric method;

In the proposed work as the main objects of the study were taken:

1) Normalized, pasteurized 3,2% fat whole milk, taken from the dairy plant of S.Seifullin university.

2) Cottage cheese, that was made in the dairy plantof S. Seifullin university.

3) Dry starter culture for cottage cheese.

4) Wheat fiber

4) Stevia leaves

Experimental studies were conducted on the basis of the laboratory and dairy plant of S.
Seifullinuniversity, a pilot batch of finished products obtained in the production and experimental plantof
S.Seifullin university.

For the analysis, 6 samples of cottage cheese were prepared: a control sample, samples with fiber and
dry stevia leaves, samples with fiber and stevia extract in different ratios. Also, cottage cheese with the
addition of fiber and stevia in a dry, crushed form during fermentation, and cottage cheese with the
addition of fiber and stevia extract during fermentationwere studied. These options were excluded, since
the acidity index in milk with the addition of stevia extract exceeded the norm, and in milk with the
addition of dry stevia leaves, the taste of the resulting cottage cheese was not expressive, as in cottage
cheese with the addition of stevia extract after fermentation [22].

To assess the organoleptic properties of the developed cottage cheese product, an organoleptic
evaluation was carried out. According to the results of the tasting evaluation and the data of physical and
chemical analyses, there was a sample (6) with fiber and stevia extract in a ratio of 1:3. Data of physical
and chemical analyses are given in table 2.

Table 2 - Data of physical and chemical analysis of samples

Parameter pH Acidity, °T Moisture, % Mass fraction of Mass fraction of
lactose, % protein, %,
Control sample (C) 4.7 160 43,52 3,42 6,528
Version 2 4,6 160 23,86 3,36 6,528
Version 3 4,7 138 45,88 3,82 6,528
Version 4 5,0 140 28,66 3,72 8,448
Version 5 5,1 144 25,38 3,77 6,528
Version 6 5,1 150 20,2 3,70 8,546
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These analyses show that the resulting cottage cheese product meets the standards. The data of
organoleptic evaluation are given in table 3.

Table 3 — Organoleptic characteristics of cottage cheese products with vegetable additives

Parameter Consistency Taste and aroma Color
Pure cottage cheese Soft, crumbly Pure White
Cottage cheese with fiber Soft, crumbly Pure, slightlysweet White with brown grains of fiber
and stevia

On the basis of theoretical and experimental studies, an optimal way to improve the quality of
traditional cottage cheese was developed, which allows to increase the shelf life of cottage cheese,
increase its biological value and increase the amount of cottage cheese from a unit of raw materials.

The improved technology of cottage cheese, which allows increasing the biological value of the
product by including in the structure of cottage cheese biologically active components such as fiber and
stevia.

Taking into account the results of the research, the new cottage cheeseproduct can be recommended
as dietary and therapeutic and preventive nutrition to the General population.
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DISSOLUTION BEHAVIOR OF BRASS POLARIZED BY ALTERNATING CURRENT
IN SODIUM PHOSPHATE AQUEOUS SOLUTION

Abstract. The electrochemical behavior of Cu-Zn alloy (brass) polarized with industrial - frequency alternating
current has been studied for the first time in aqueous sodium phosphate solution. The effects of current density in
brass (200-1200 A/m?) and titanium (20-120 kA/m?) electrodes, sodium phosphate solution concentration (0,5-2,0
M), alternating current (AC) frequency (30-180 Hz) and electrolysis duration (0,25-1,5 h) on the alloy dissolution
current efficiency were considered.

Intensive brass dissolution by forming copper (II) and zinc (II) ions during the electrolysis in alternating current
mode was shown for the first time. In the case of direct current (DC) electrolysis, the current output value of alloy
electrochemical dissolution was very low. As the current density of the alternating current polarized brass electrode
was increased, the current output rate of the alloy dissolution increased initially and decreased to 400 A/m?, where
(400 A/m®) alternating current value comprised 80% in an optimal condition. When the titanium electrode current
density was increased, the brass dissolution current efficiency showed a maximum value; the current output of Cu
(I1) and Zn (II) ions formation at current 60 kA/m’® density was 50% and 30%, respectively. As the electrolysis
duration and the AC frequency are increased, the brass electrode current efficiency is reduced.

On the basis of obtained results, the potential of copper and zinc phosphate synthesis was shown.

Key words: brass, alternating current, electrolysis, sodium phosphate, titanium electrode.

At present, the use of alternating current in studying alloy electrochemical properties and in the
synthesis of its important compounds is of great interest. Electrochemical processes are used to solve
various topical issues in the field of production. Rather than direct current, alternating current allows to
create simple, yet rational technological processes [1].

Alloys electrochemical dissolution is a very complicated process. An alloy of copper with zinc is
called brass; by composition they may be red brass (containing less than 20% zinc), yellow brass (20-50%
zinc), white brass (50-80% zinc) and special brass (containing lead, nickel manganese, iron, silicon,
beryllium, etc. alongside with copper and zinc). The alloy electrochemical dissolution depends on
dimensional ratio of its components and nature of the solution [2]. The more copper-based alloys are used,
the more their residuals size in the environment increases as well. Digestion of metals from solid alloy
wastes is an important source of production, since it reduces load on the environment [3, 4]. Subsequently,
the demand for copper alloys, especially for brass (C38500) is great due to the development of automobile
industry and the construction industry. Therefore, a thorough study of copper alloy properties is one of the
main tasks today [5].

In this regard, it is important to develop different methods of processing solid alloy residuals on the
basis of copper and zinc.

As the copper contains Cu 87%, Zn 13.67% and other impurities 0.33%, the brass electrochemical
dissolution is similar to the copper electrochemical dissolution properties. Therefore, the copper
electrochemical properties can be applied to the Cu-Zn alloy [2].
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A.B. Bayeshov and et al. developed a method of obtaining copper (II) sulfate by the industrial
alternating current polarization [6]; while the method of obtaining copper (I) chloride and copper bromide,
inorganic copper and zinc compounds was developed by A.S. Kadirbayeva and R.N. Nurdillayeva [7-9].

With a view of obtaining copper salts, the electrochemical properties of copper were studied in
sodium carbonate, sulfuric acid, potassium iodide, potassium bromide, and sodium sulfate, neutral and
acidic media [10-15].

Corrosive [16-17] and electrochemical [18-21] properties of brass in aqueous solutions have been
studied in a number of works. The electrochemical dissolution of brass was investigated by
potentiodynamic polarization and cyclic voltammetry methods with and without the presence of Cl ions in
NaHSO; solution. The results of this work indicated that brass dissolution was accelerated by increasing
HSOs concentration [18]. The electrochemical properties and passivation of Cu-30Zn alloy in the alkaline
medium have been considered, increasing the NaOH concentration on the potentiodynamic curves basis
has led to an increase in corrosion current density [19]. In the following study, the electrodisolution brass
(60.8Cu-36.3Zn-2.9Pb) and pure copper were comparatively studied in 0.1 M HCI using cyclic
voltammetry and a rotating ring-disc electrode and similarity of dissolution mechanism of copper and pure
copper in the brass composition was discovered [20]. The electrochemical properties of o, [ -brass
(CuZnyPb,) were investigated at different pH values in basic nitrate solutions. The study indicated that the
extent of the dezincification was affected by presence of Pb in the alloy but the pH value was determined
to be a key parameter [21].

Literature data show that brass electrode electrochemical properties in aqueous sodium phosphate
solution have not been investigated.

Results and discussion

In the present work, the brass electrode electrochemical properties were studied in aqueous sodium
phosphate solution polarized with industrial-frequency alternating current. Due to the slow
electrochemical reactions in the polarization of the brass electrode by direct current, an alternating current
was used in our study. The achievement of using alternating current during the electrolysis was noted by
the authors of [22] work.

During the alternating current polarization, the electrochemical dissolution of Cu-Zn alloy in the
sodium phosphate aqueous solution was investigated at the range of 200 to 1200 A/m” (Fig. 1). When the
current density is increased up to 400 A/m’, the current efficiency in Cu (II), Zn (II) ions formation and
brass dissolution gradually increases. When the current density increased up to 1200 A/m?, the decrease in
the alloy dissolution current output occurred. This can be explained by the increase in the additional
reactions rate due to the current density increase.
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Figure 1 - The effect of the brass electrode current density on the current efficiency
of the AC polarized Cu-Zn alloy dissolution: i;=60 kA/m?, [Na;PO,4]=1.0 M, ©=0.5 h.
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The effect of the additional titanium electrode current density on the electrochemical dissolution of
the brass electrode polarized with alternating current in a neutral medium was investigated (Figure 2). An
increase in the current efficiency rate of Cu (II) ions formation and the total brass dissolution by
increasing the current density of titanium electrods from 20 kA/m® to 60 kA/m* can be explained by an
occurrence of an oxide layer with a valve property on the titanium electrode surface in the anodic half-
period. Further increase in the titanium electrode current density has led to a reduction in the current
output. This is because the oxide layer surface structure in the titanium electrode changes due to the

current density increase and its current correction property decreases.
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Figure 2 - Effect of titanium electrode current density on the current efficiency
of the brass electrode dissolution polarized with alternating current: ig=400 A/m?, [Na;PO,]=1.0 M, 1=0.5h.

The effect of sodium phosphate solution concentration on the current efficiency of brass electrode
dissolution polarized with alternating current was studied in a range 0.25 and 1.5 M (Fig. 3). As the
sodium phosphate concentration increases, the current output of the brass electrode dissolution increases,
but it decreases from 1.0 M. The reason is that as the electrolyte concentration increases, the brass

electrode surface area is covered with saline coating and the brass electrode passivation takes place.
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Figure 3 - Effect of sodium phosphate concentration on the current efficiency of brass electrode dissolution polarized with

alternating current: i; = 60 KA/m>, ig =400 A/ m%, t = 0.5h.
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The current efficiency decrease of copper, zinc ions formation and brass electrode dissolution due to
the alternating current frequency increase can be observed in Figure 4. It can be assumed that the required
time for the occurrence of the alloy oxidation reaction by forming copper and zinc ions can not be
provided due to the rapid periods changes at high current frequencies.
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Figure 4 - AC frequencies effect on the current efficiency of brass electrode dissolution polarized with alternating current: i;=60
KA/ m?, ig=400 A/m?, [Na;PO,4]=1.0 M, 1=0.5 h.

Figure 5 shows the electrolysis duration effect on the brass electrode current current efficiency. As
the, electrolysis duration increases, the brass electrode current output decreases. As the electrolysis
duration increases, electrodes electrolysis products begin to passivate with poorly soluble copper and zinc
products. It is explained by the formation of blue saline coat on the electrode surface.
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Figure 5 - The electrolysis duration effect on the current efficiency of brass electrode dissolution polarized with alternating
current: i7=60 A/ m% iz=400 A/m’ [Na;PO,]=1.0 M

Figure 6 shows the solution temperature effect on the brass electrode current efficiency. In our study,
a decrease in current efficiency value of Cu (II) ions formation beginning from 30 °C was observed due to
the increase in electrolyte temperature and the linear increase in the current efficiency value of Zn (II)
ions formation took place. As the solution temperature increases, zinc chemically interacts with the




ISSN 2224-5286 3.2019

hydrogen ions and thereby its ionization potential is facilitated. The total current output of the alloy
dissolution increased up to 40 °C and slowed down at higher temperatures.
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Figure 6 - The electrolyte temperature effect on the current efficiency of brass electrode dissolution polarized alternating current:
ir=60 A/m?, i5=400 A/m?, [Na;PO,]=1.0 M, t=0.5 h.

Summing up, the electrochemical dissolution laws of the brass electrode polarized with alternating
current in a neutral medium - sodium phosphate aqueous solution have been systematically studied for the
first time. The study results showed that the electrochemical process was intensified when replacing one of
the two brass electrodes into the titanium wire. The basic electrochemical parameters effect on the brass
electrode dissolution by forming copper and zinc ions in (Na;PO4) sodium phosphate solution were
investigated and the effective alloy dissolution conditions were considered: (iz=400 A/mz, 11i=60 kA/mz,
[Na;PO4]=1.0 M, v=50 Hz, t=30°C).
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'Koxa Axmer Scayn aThiHarbl XanblKapaiiblK Ka3ak-Typik yHBepcureti, TypKicTaH;
2J1.B.COKOIBCKHIA aTHIHAAFbI JKanapmaii, kaTanu3 )koHE 3JCKTPOXUMHS HHCTUTYTHI, ATMATHI

AMHBIMAJIBI TOKIIEH TMOJISIPU3AIUSIIAHFAH JKE3/TH HATPHIA ®OC®PATHI CY.JIbI
EPITIHAICIHAETT EPY 3AHJIBLIBIKTAPBI

AHHOTanMsA. OHTIPICTIK J>KUUTIKTErl alHBIMaNbl TOKIEH moispuiamusuianFad Cu-Zn Ky#dMacel - JKe3MiH
SIIEKTPOXMMISUIBIK KacueTi HaTpuil Qocdarsl cynbl epiTiHmiciHae anram per 3eprrengi. Kyiima epyiHiH TOk
Goitbinma mbFbMbiHA (TII) sxe3 (200-1200 A/m?) xome tutan (20-120 KA/M®) 3IEKTPOATAPHIHAAFHI TOK
THIFBI3IBIKTAPBIHBIH, HATpUl (ocdaTsl epiTiHaici kKoHIeHTpanusackHbH (0,5-2,0 M), altHpIMaIk! TOK skuiniridig (30-
180 I'm), amextponm3 y3akTeIFBIHBH (0,25-1,5 car.) acepiepi KapacTHIPBUIIHL

AWHBIMAIBI TOK PEKUMIHIET 3ekTponn3 Kesinge xes3mid Mbic (II) »xone wmbipbimt (II) woHmApbiH Ty3e
KapKbIHIBl CPUTIHIOIN ayFam  peT KepceTurmi. AJ, TyYpakTbl TOK DJJIEKTPOHM3 OapbIChiHIA KYHMAaHbBIH
eKTpOXUMUSUIBIK  epyiniH TIII MoHi eTe TemeH Oomjubl. AWMHBIMANBI TOKIEH MOJSIPU3ALMSIIAHFAH JKe3
AJIEKTPOIBIHAAFBI TOK THIFBI3BIFBIH JKOFAPBUIATKAH CabIH KyiMa epyiHiH TOK OOMBIHINA IIBIFBIMBI aJFalllbIHIA
xorapbuian, 400 A/m’-Gactan GipKenKi TOMeHen, OHTAMIb Karaaiina (400 A/m?) TII moni 80% kypamsl. Tutan
AJIEKTPOIBIHAAFBI TOK THIFBI3IBIFBIH apTThIpFanaa KyiiMa epyiie TII MakcuMyM apKbUIbI ©TIIl, TOK THIFBI3ABIFEI 60
kA/M” kesinae Cu (IT) xone Zn (1) nonapsr Tysinyinin TI coiikecinme 50% xone 30% Kypazsl. XKe3 epyiHin Tok
OoiibiHma mwerbMEL 1,0 M Hatpuii ¢ocdarsl epiTiHAiciHAe MaKCUMAJIABI MOHAI KOPCETTi. DJIEKTPOJIU3 Y3aKThIFbI
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MeH aifHBIMANlbl TOK JKHUINITIH apTTHIPFaH CAalbIH JK€3 AJIEKTPOIBIHBIH TOK OOWBIHINA MIBIFRIMBI TOMEHICHTIHIT]
AHBIKTAJIBL.
AJBIHFaH HOTIDKEIEPAiH HeTi3iHIe MBIC ’KOHE MBIPHIII (ochaThlH CHHTE3ACYNIH MYMKIHIIUTIKTEP1 KOPCETUIII.
Tyiiin ce3aep: xe3, alHBIMAIIBI TOK, SJIEKTPOIIH3, HATPUH (HocdaThl, TUTAH IJICKTPOILL.
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3AKOHOMEPHOCTHU PACTBOPEHNSA JIATYHHU B BOJHOM PACTBOPE ®OCPATA HATPUSA
IPHU NMOJIAPU3AIIMA TIEPEMEHHBIM TOKOM

AnHoTauusi. BrepBrle uHccremoBaHO JNEKTpOXMMHYECKoe moBereHne cruaBa Cu-Zn - JaTyHH 0pH
MOJISIPA3ALMHU TIEPEMEHHBIM TOKOM IIPOMBIIIICHHON 9acTOTHI B BOJAHOM pacTBope ¢ocharta Hatpus. PaccMorpero
BIIMSIHEE TUIOTHOCTH TOKA Ha JATYHHOM aiekTpoxe (200-1200 A/m%) u turanoBom smektpome (20-120 xA/MP),
KOHIICHTpaluu pacTBopa Qocdara nHatpus (0,5-2,0 M), gactorsl mnepemeHHoro Toka (30-150 T'm) u
NPOJOJDKUTENBEHOCTH 3ekTposn3a (0,25-1,5 wac) Ha Beixox no Toky (BT) pacTBopenus crasa.

BriepBble mOKa3aHO, 4YTO TpU IEPEMEHHOTOKOBOM pPEKHME 3JEKTpPOJIM3a IPOMCXOANUT HHTEHCHBHOE
pacTBOpeHue ciuiaBa ¢ obpasoBanueM noHOB Meau (II) m mmuka (II). Ilpm anexrposm3e ¢ MOCTOSHHBIM TOKOM
3HadeHne BT 3MeKTpOXMMHUYECKOTO PacTBOPEHHS CIDIaBa OBUIO 3HAYMUTENHHO HIDKE. [IpM MOBBIMICHUH IIOTHOCTH
TOKa Ha JIATYHHOM JJIEKTPOJIe, OJSIPHU30BAaHHOM NIEPEMEHHBIM TOKOM, BBIXOJ TI0 TOKY PAaCTBOPEHHS CIUIaBa IIABHO
CHIDKAeTCS M IIPM ONTHMAIBHBIX ycrnoBusix (400 A/m”) 3uauenne BT coctamio 80%. IIpu M3MEHEHHH IIOTHOCTH
TOKa Ha TUTAaHOBOM aJiekTpoae BT pactBopenms crumaBa mpoxout yepe3 makcumyM U BT o6pazoBanus monos Cu
(IT) u Zn (IT) cocrassier, cOOTBETCTBEHHO, 50% 1 30% MpPH MIOTHOCTH TOKa 60 KA/M”.

MakcumanbHoe 3HaueHne BT pactBopenus naTyHu HaOmonanocs npu 1,0 M koHneHnTpauuu pactsopa docdara
HaTpus. yCTaHOBJ’IEHO, 4YTO IpU YBCIWMYCHUU MPOAOJDKHUTCIBHOCTU DJJICKTPOJIM3a M YaCTOTBI NMEPEMEHHOI'O0 TOKa
3HaueHue BT naTtynu cHuxaercs.

Ha ocHoBe noiry4eHHbIX pe3yIbTaToB Oblia II0Ka3aHa BOXKMOXKHOCTh CHHTE3a (oc(aToB M U LIMHKA.

Ki1ioueBble cj10Ba: JIaTyHb, IEPEMEHHBIN TOK, 3JIEKTpoIn3, hocdaT HATPHs, THTAHOBBIN 3JIEKTPOI.

Information about authors:
R.N. Nurdillayeva — Khoja Akhmet Yassawi International Kazakh-Turkish University, Candidate of Chemistry Science

(PhD), Associate Professor, E-mail: raushan.nurdillayeva@ayu.edu.kz, https://orcid.org/0000-0001-9444-737X.

A.B. Bayeshov — «D.V.Sokolsky Institute of Fuel, Catalysis and Electrochemistry», Doctor of Chemistry Science, Professor,
E-mail: bayeshov@mail.ru, https://orcid.org/0000-0003-0745-039X.

L.A. Sunatullaeva — Khoja Akhmet Yassawi International Kazakh-Turkish University, master degree, II course, E-mail:
lazzat.sunatullaeva@ayu.edu.kz, https://orcid.org/0000-0002-0687-1021

G.N. Zhylysbayeva — Khoja Akhmet Yassawi International Kazakh-Turkish University, Candidate of Technical Science
(PhD), Associate Professor, E-mail: gulkhan.zhylysbayeva@ayu.edu.kz, https://orcid.org/0000-0002-9800-3896

REFERENCES

[1] Bayeshov A.B., Bayeshova A.K., Bayeshova C.A. (2014) Electrochemistry (theory and practice). [Electrokhimiya
(teoriyasi men koldaniui)]. Almaty: Kazakh university. - P. 316. ISBN 978-601-04-0671-1. (In Kazakh)

[2] Nurdillayeva R.N., Bayeshov A.B. (2007) Electrochemical dissolution kinetics and mechanism in copper sodium
chloride solution [Zhezdin natrij hloridi eritindisindegi jelektrohimijalyk eru kinetikasy men mehanizmi]. NEWS of the Academy
of Sciences of the Republic of Kazakhstan. Series Chemistry and Technology, Volume 5, Ne365. — P. 77-80. (In Kazakh)

[3] Bayeshov A.B., Bayeshova A.K. (2012) Electrochemical methods for the production of inorganic substances
[Elektrohimicheskie sposoby poluchenija neorganicheskih veshhestv]. Germanija, Lambert, Academic Publishing. P. 72. ISBN
978-3-659-26096-4. (In Russian)

[4] James Evans, Lutgard De Jonghe. (2016) The Production and Processing of Inorganic Materials. Springer Nature, TMS.—
P. 551. ISBN 978-3-319-48163-0. (In Eng)

[5] Sujit K.J., Devibala B., Rajalingam P. (2015) Experimental analysis of microstructure and mechanical properties of
coper and brass based alloys. International Journal of Automotive and Mechanical Engineering (IJAME). ISSN 2229-8649
(Print); ISSN 2180-1606 (Online); Volume 11, P. 2317-2331. (In Eng)

— g2 ——




ISSN 2224-5286 3.2019

[6] Bayeshov A.B., Kadirbayeva A.S., Bayeshova A.K., Zhurinov M.Zh. (2014) Acquisition of copper (II) sulphate and
chloride by the polarization of the production variable current. [Ondiristik ajnymaly tokpen poljarizacijalau arqyly mys (II)
sul'fatyn zhane hloridin alu.] ISSN 2224-5227.- Reports of the National Academy of Sciences of the Republic of Kazakhstan. Ne4,
- P.24-28 (In Kazakh)

[7] Kadirbayeva A.S., Nurdillayeva R.N. (2011) Acid copper (I) chloride by polarization of AC in hydrochloric acid solution
[Tuz qyshqyly eritindisinde ajnymaly tokpen poljarizacijalau arqyly mys (I) hloridin alu.] Bulletin of university Akhmet Yassawi.,
Series Chemistry and Technology, - P.103-108 (In Kazakh)

[8] Nurdillayeva R.N., Bayeshov A.B., Serik G.S. (2018) The elaboration of copper bromide synthesis by electrochemical
method. Bulletin of NAS RK. Volume 1, Ne 371, -P.73-80. ISSN 1991-3494. (In Eng)

[9] Nurdillayeva R.N., Bayeshov A.B., Serik G.S., Bayeshova A.K. (2018) Production of copper bromide at polarization by
an alternating current. News of the National Academy of Sciences of the RK, Series Chemistry and Technology, Volume 2,
No428. P. 36-43. ISSN 2518-1491 (Online), ISSN 2224-5286 (Print). (In Eng)

[10] Bayeshov A., Baiseitova A.A. (2005) The study of the processes of electrochemical dissolution of copper in a solution
of sodium carbonate with polarization by alternating current [Izuchenie processov jelektrohimicheskogo rastvorenija medi v
rastvore karbonate natrija pri poljarizacii peremennym tokom]. Reports of the National Academy of Sciences of the Republic of
Kazakhstan. Ne4. -P.73 (In Russian)

[11] Bayeshov A.B., Kadirbayeva A.S., Jurinov M.J. (2014) Dissolution of a copper electrode in sulfuric Acid at
polarization by an industrial Alternating current. Int. J. Chem. Sci. Vol. 12, Ne3. - P. 1009-1014. ISSN 0972-768X. (In Eng)

[12] Bayeshov A.B., Kadirbayeva A.S., Bayeshova A.K., Adaybekova A.A. (2015) Investigation of the electrochemical
properties of copper electrode in potassium iodide solution by drawing potentiodynamic polarization curves [Kalij iodidi
eritindisindegi mys jelektrodynyng jelektrohimijalyq kasietin potenciodinamikalyq poljarizacijalyq qisyqtar tysiru arqyly zertteu]
NEWS of the Academy of Sciences of the Republic of Kazakhstan. Series Chemistry and Technology. —Ne2. - P. 85-90. ISSN
2224-5227. (In Kazakh)

[13] Bayeshova A.K., Kadirbayeva A.S., Bayeshov A.B. Adaybekova A.A. (2015) Electrochemical properties of copper in
aqueous potassium bromide solution [Mystyng suly kalij bromidi eritindisindegi jelektrohimijalyq qasieti]. Reports of the
National Academy of Sciences of the Republic of Kazakhstan. Ne2. -P. 46-52. ISSN 1991-3494. (In Kazakh)

[14] Bayeshov A.B., Kadirbayeva A.S., Bayeshova A.K. (2015) Electrochemical properties of the polarized copper electrode
in sodium sulphate solution of industrial variable current [Ondiristik ajnymaly tokpen poljarizacijalangan mys jelektrodynyng
natrij sul'faty eritindisindegi elektrohimijalyq qasietteri]. Proceedings of the VII International Scientific and Practical Conference
on innovative development of oil and gas industry Almaty, —P. 409-413 (In Kazakh).

[15] Bayeshov A.B., Kadirbayeva A.S., Bayeshova A.K (2015) Electrochemical properties of polarized copper electrodes in
neutral and acidic environments of industrial variable current [Ondiristik ajnymaly tokpen poljarizacijalangan mys elektrodynyng
bejtarap zhane qyshqyldy ortalardagy jelektrohimijalyq qasietteri] ISBN 2224-5227.- Reports of the National Academy of
Sciences of the Republic of Kazakhstan. Ne3. -P. 18-23 (In Kazakh)

[16] Kabasakaloglu M., Kiyak T., Sendil O., Asan A. (2002) Electrochemical behavior of brass in 0.1 M NaCl. Applied
Surface Science Volume 193, Issues 1-4, https://doi.org/10.1016/S0169-4332(02)00258-1 P. 167-174 (in Eng)

[17] Rotty C., Mandroyan A., Doche M.-L., Hihn J.Y (2016) Electropolishing of Cu-Zn brasses and 316L stainless steels:
Influence of alloy composition or preparation process (ALM vs. standart metod). Surface & Coatings Technology. - P.125-135.
https://doi.org/10.1016/j.surfcoat.2016.08.076. (in Eng)

[18] Liu, Q., Luo, Hong Dong., Chunfeng Xiao, K li, Xiaogang. (2012). The Electrochemical Behaviour of Brass in
NaHSO; Solution Without and With CI'. International Journal of Electrochemical Science. 7. 11123-11136.

[19] Arash F. A., Sajad A (2015) Electrochemical Behavior and Passivation of Cu—30Zn Alloy in Aqueous NaOH Solutions.
Arab J Sci Eng (2015) 40:2993-2999 doi 10.1007/s13369-015-1788-5 Research article-Chemistry. (in Eng)

[20] E. Geler, D.S. Azambuja. The electrochemical behavior of brass in 0.1 M HCI solution. Journal of the Brazilian
Chemical Society. Print version ISSN 0103-5053. http://dx.doi.org/10.1590/S0103-50531997000200014

[21] C. Berne, E. Andrieu, J. Reby, J-M. Sobrino, C. BlancThe Electrochemical Behavior of (x,B,—Brass in Basic
NaNO; Solutions. This was Paper 726 and 758 presented at the Cancun, Mexico, Meeting of the Society, 2014.

[22] A.B. Bayeshov, R.N. Nurdillayeva, Sh.H. Khabibullayeva (2019) Effect of the bromide ions on the titanium electrode
dissolution polarized by alternating current in aqueous solutions. News of the Academy of Sciences of the Republic of
Kazakhstan. Series Chemistry and Technology. Ne2. (In Eng) https://doi.org/10.32014/2019.2518-1491.21




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 https://doi.org/10.32014/2019.2518-1491.34
Volume 3, Number 435 (2019), 84 — 88

UDC 546.881:553.982:538.113

G.A.Artur', E. Mussin', A.S. Kalauova’, A.A Nazhetova', R.N. Nasirov'

! Atyrau State University named after Kh. Dosmukhamedov;
2Atyrau Oil and Gas University, Atyrau, Kazakhstan
rnasirov.48@mail.ru

SOME REGULARITIES OF THE DISTRIBUTION OF THE CONTENT
OF FREE RADICALS AND VANADIUM (1V) IN OIL BY GEOLOGICAL
SECTIONS OF THE EMBA REGION DEPOSITS

Abstract. In laboratory practice, is proposed a method for determining vanadium (IV) and free radicals (FR) in
crude oils by electron paramagnetic resonance (EPR) at liquid nitrogen temperature. An important scientific and
practical result of the proposed method for the determination of vanadium in crude oils, in contrast to the method of
American authors is low nitrogen consumption, and an additional advantage of the method lies in the low cost of the
process, since it eliminates the use of expensive temperature attachments for mass laboratory determinations of
vanadium. In scientific work, this method was applied to determine vanadium and FR from the section of the Emba
region’s oil fields.

It has been established that with increasing depth and age of oil-bearing rocks, the density of oil decreases, as
well as the content of tetravalent vanadium and FR in it. In some fields of the Emba oil-bearing region (North
Kotyrtas, Kara-Arna), is noted an inverse pattern - an increase in the density of oil, the concentration of vanadium
and FR is observed during the transition from an elevated part of the formation to a lower part.

Key words: electron paramagnetic resonance, vanadium (IV), free radical, depth of oil.

In recent years, students of higher education on the subjects: oil chemistry and oil geology have
lectures on EPR-spectroscopy [1,2]. In laboratory practice, a method for determining vanadium (IV) and
free radicals (FR) in crude oils at liquid nitrogen temperature is proposed. An important scientific and
practical result of the proposed method for determining vanadium in crude oils, in contrast to the method
of American authors [3], is the reduction of nitrogen consumption, as well as an additional advantage of
the method is to reduce the cost of the process, since the use of an expensive temperature set-top box is
excluded in the mass laboratory definitions of vanadium [1]. In this paper, we used this method to
determine vanadium and FR from the oil fields of the Emba region.

Table 1 — The relationship between density and oil content of vanadium (IV) and FR section of field Kyrykmyltyk

Well number Age Depth of occurrence, m Density, Oil content
g/sm’ V(IV),g/t FR-10 ", spin/g
16 Kia 398...407 0,9273 26,30 9,36
7 Kia 389...395 0,9275 23,20 9,20
7 KB 431...436 0,9163 14,93 8,38
7 K;B 436...440 0,9127 11,38 8,38
7 K;B 465...467 0,9269 13,39 8,67
11 |} 883...891 0,8878 8,43 3,56
11 |} 937...943 0,8867 5,96 2,86
15 A 918...925 0,8897 6,29 2,64
15 | 930...932,5 0,8883 5,13 2,46
1 M 911.917 0,8880 4,94 2,44
Note. K;a —apt, Kj,-barrem, K,g-goter, J, — middle jur, J, — lower jur.
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Some regularities of the distribution of the content of FR and vanadium (IV) by the section of oil
fields with different physical and chemical characteristics by the stratigraphic section were revealed for
the Kyrykmyltyk field (table 1 and 2) and South Tagan (table 2). As can be seen from the results of data
analysis, with increasing depth and age of oil content of FR and vanadium (IV) naturally decreases.

Paramagnetic characteristics of the oil field Kyrykmyltyk were studied by EPR-spectroscopy with the
aim of establishing a relationship between density and oil content of vanadium (IV) and FR. The level of
paramagnetism of the oil field Kyrykmyltyk is due to the different compounds of vanadium V(IV) and FR.
Table 1 shows that the relationship between oil density and vanadium (IV) and FR content is quite clear.
From the results of the analysis of the data given in table 1, it is also seen that with the increase in the
depth and age of oil, the vanadium (IV) and FR content naturally decreases. The highest content of
vanadium (28 g/t) and FR falls on the oil horizon K;a (apt). The content of vanadium is much higher in
oils in lower Cretaceous sediments than in the oils of the Jurassic sediments (that was previously installed
for the oil between the rivers Ural and Volga) [4]. A similar change is typical for FR. In oils of lower
Cretaceous deposits the concentration of FR is higher than in oils of Jurassic deposits.

For the oil fields Kyrykmyltyk and South Tagan also established the relationship between content FR,
vanadium (IV) and physico-chemical characteristics. As can be seen from table 2, the content of sulfur,
resins, asphaltenes, as well as the density and viscosity of oils increases with the content of FR and
vanadium (IV). There is an inversely proportional relationship between the content of FR and vanadium
(IV) in oils and the yield of gasoline fractions.

Within one field with increasing geological age and depth of oil vanadium content decreases (table. 1
and table. 2). In the oil fields of the Emba region, the concentration of FR also decreases with the depth of
the oil, similar to that observed in the Maikov deposits of the Hadyzhensk and oil and gas fields lying at
shallow depths [5].

Table 2 - Interdependence between vanadium (IV), FR content
and physico-chemical characteristics of low vanadium oils of the South-Emba region

g Content, % Fraction
8 = - ) ] " output up to
E g o S. | |2 2y g 300°C, %
= o a0 g & S g z 2 72> = 2 5}
(<] 15} < 5 . =) (=R (ol & £ =
= Q = Y @« L op 9 A — 17} <
= g > 2
=
Kyrykmyltyk
11 389...396 Cret. 232 9,2 0,927 1449 0,35 20,0 2,56 24,1
15 930...931 B 5,1 2,5 0,888 99 0,25 8,46 0,76 28,8
11 883...891 B} 8,4 3,6 0,887 105 0,39 9,01 0,29 32,3
16 469...477 Cret. 17,9 59 0914 | 519 | 038 | 141 | 1,19 | 152
South Tagan
1 274..288 1, 29,2 42,4 0,972 1785 | 049 [ 295 | 6,89 8,0
1 597...601 Trias 10,7 12,4 0,905 560 0,23 13,8 0,67 14,8
"Note — Viscosity is calculated at 50°C

In some fields of the Emba oil-bearing region (North Kotyrtas, Kara-Arna) the reverse pattern is
observed — the increase in the content of vanadium and free radicals with depth, which is explained by
vertical migration or gravitational differentiation of oil [6]. This process seems to be due to the complex
geological structure of the salt dome structures, which are often subject to tectonic processing.

Oil components containing paramagnetic centers are the most chemically active part of oils. Their
free radical form determines the increased activity in the processes of both oil genesis and migration.
Paramagnetic centers of oil, which are caused by the presence of compounds of tetravalent vanadium and
free radicals, are part of the resinous-asphaltene components of oil [7]. In the transition from the increased
part of the fields to the reduced one, there is an increase in oil density, vanadium and FR concentration.
For illustration, in fig. 1 it is shown about the central parts of the EPR spectra of oils from the well
sections of the 23 North Kotyrtas Deposit, taken at — 900C, containing one of the components of the
hyperfine structure V4+ and the singlet from the FR. As can be seen, the amplitude of the signal of EPR of
V4+ and FR with increasing depth of oil occurrence is growing. The increase in paramagnetism of oils
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with increasing depth of their occurrence is clearly observed in the section of the Kara-Arna field located
in the southern coastal part of the Emba district. The field is tectonically Diptera is a salt dome structure of
closed type with deep (up to 1800m) salt core.
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Figure 1- Change of EPR signal of oils in the section of the Kotyrtas North field, well 23.
Deep: a-1139-1148 m, b-1160-1165 m, ¢ —1204-1216,5 m; EPR signals: 1—from V* 2—from FR

Table 3 - Characteristics of oils in the North Kotyrtas field

Well number Age, horizon Oil extraction interval,m 0il density, g/sm’ V¥ gt FR-10""7, spin/g
23 T; 111 1139-1145 0,8588 11,50 4,60
T; 111 1160-1165 0,8954 19,97 8,31
T, IV 1204-1216,5 0,9051 22,51 10,65
22 T; 11 1119,5-1128,5 0,8254 2,26 0,69
T; I 1138,2-1155 0,8315 3,05 1,06
T; I 1176-1185,7 0,8509 5,05 2,37
38 T;1 1079,5-1085 0,8715 7,80 4,93
T; 11 1133-1139 0,8810 12,10 6,20
5 T; 1 1059-1073,5 0,8000 0,37 0,14
T; 1 1100-1104 0,8461 4,59 1,92

Analysis of the results (table.4) shows that there is a fairly clear difference in the distribution of the
average vanadium content between the studied productive horizons. It should be noted that the
Cenomanian horizon is characterized by the conditioned content of vanadium, and with the increase in the
age and depth of oil, the content of vanadium and FR increases, so the industrial importance of the Kara-
Arna field as a raw source of vanadium is of practical interest.

Table 4 — Change of paramagnetic properties of Kara-Arna oil field

The number of the studied Oil extraction interval, m Age The average content FR-107"7,
wells of vanadium, g/t spin/g
3 510-555 Senoman 60,08 8,36
4 967-983 Early alb 93,83 10,95
11 1047-1074 Apt 102,44 11,99
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Experimental part

EPR spectra were recorded on the E-12 spectrometer of “Varian”. We have found EPR signals from
both vanadium and FR ions in the oils of the studied fields. The most intensive hyperfine structure line
(HSL) from the complexes of tetravalent vanadium and the single line from FR were used to determine the
concentration [8]. The standard concentrations were the oil from Urichtausk field (from well. 8) with
known vanadium content (27.6 g/t) and FR (7,8-10" spin/sm®). Oil samples before the analysis were
purified from associated water and mechanical impurities by centrifugation (centrifuge T-22) at a speed of
4000 rpm. The oil samples prepared in this way were sealed in order to avoid evaporation of gasoline
fractions into glass ampoules 0.2 cm in diameter and 10-15 cm in length.

Gratitude. The authors Express their gratitude to the head of the laboratory of electronic paramagnetic
resonance (EPR) of the Institute of Organoelement compounds of RAS S. P. Solodovnikov for his help in
shooting oil spectra on the EPR spectrometer.
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"X JTocMyxaMe/I0B aThbIHIaFbl ATIPay MEMJICKETTIK YHHBEPCHTET;
2ATLIpay MYHaH jKOHE ra3 YHUBEPCHUTETI

EMBI AUMAFBIHJAFBI MYHA# KEHIIITEPIHIH FEOJIOT MSLIBIK KUMAJIAPBI BOWBIHIIA
EPKIH PAJIMKAJIIAP MEH BAHA TUIAIIH (IV) TAPAJTY 3AHJIBLIBIKTAPBI

Annoranus. Illuki MyHalijgarel BaHaguii MeH epkiH pagukangapabl (EP) amekTpoHIBIK HapaMarHUTTIK
pe3onanc (OI1P) kemeriMeH CYHBIK a30T TeMIIepaTypachlHAa aHBIKTAY OJiCI YCHIHBULABL3EpTXaHA >KarIaifbIHaa
BaHAQIMUI JKaIIlaldl aHBIKTAYIBIH OYJ1 YCHIHBUIFAH OJICIHIH aMEPHUKAHIBIK FAIBIMAAPABIH OICIHEH ©3TelIeNiri a3oT
IIBIFBIHBIHBIH ©T¢ a3 OOJybl JKOHE KbhIMOAT TYpAaThIH TEeMIIepaTtypa KOHIBIPFBICBIHBIH KEPEeKCi3airi, mpubdop
PE30HATOPBIHAAFBI OPHATACKAH aMITyJIa KOJIEMiHiH OapIIbIK JKaFrqaiaa Oipaeimiri.

By onicti EM0i afimarsiHnarsr myHaiinapra EP MeH BaHaaniifi aHBIKTay YIIiH KOJTAHIBIK. 3€PTTEY HOTIDKECI,
MYHa#l yJITUIepiH any TepeHJiriHe )KOHEe OpHANIaCaThiH JKbIHBICTAP/IBIH T€OJIOTHSUIBIK JKachlHA OaillaHbICThI, MyHal
THIFBI3ABIFBIHBIH KEMHTIHI JKOHE OHAArbl TOPT BaJCHTTI BaHaauid MeH EP KOHICHTPANMSCHIHBIH a3asThIHIBIFBIH
kepcerTi. An EMOi aliMarbiHbIH kenOip mynai keHimrepi (Conryctik Kotbiprac, Kapa-apHa) ymmH >KOFaprbl
KabarTapaH TeMeHri KabaTrapra eTy Ke3iHA€ MYHaWIbIH TBIFBI3/IBIFBIHBIH ©CETIH/Ir jkoHe BaHamuii meH EP
KOHIICHTPALUSCHIHBIH apTAThIH/BIFBI , SFHHU KEP1 3aHIbUIBIK TaFaibIHIAJI/IbI.

Tyiiin ce3mep: 3JCKTPOHIBIK MapaMarHUTTIK pe3oHaHc, BaHamwii (IV), epkiH pajukan, MyHall opHaiacy
TEPEHJIIrI.
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IATblpayCKI/Iﬁ rocyAapcTBEeHHbIN yHUBEpcuTeT UM.X.JlocMyxaMe10Ba;
ATbIpaycKuil yHUBEpCUTET HE(PTH U Ta3a

HEKOTOPBIE 3AKOHOMEPHOCTH PACIIPEJAEJIEHUSI COAEPKAHUSI CP U BAHAIMSL (IV) B
HE®TH I10 PA3PE3AM MECTOPOXKXKJIEHUHU SMBUHCKOI'O PETHOHA

AnHoranusi. B mabopatopHoil mpakTtuke mpeanaraercs croco0 ompexencnus Banamus (IV) m cBOOOIHBIX
panukanoB (CP) B CrIpBIX HE(TAX METOIOM AJIEKTPOHHOTO MapaMarHuTHoro pesonanca (OIIP) mpu Temmeparype
JKHJIKOTO a30Ta. BaXXHBIM Hay4YHO-TIPAaKTHYECKHM PE3YJIbTaTOM IIPEIUIaraeMoro Crocoba ompenesieHHs BaHaaus B
CBIPBIX HE(TAX, B OTIMYNH METOAA aMEPHKAHCKUX aBTOPOB SIBJISICTCS CHIDKEHUE PacxXofa a30Ta, a JOIOJIHUTEIbHOE
MPEeUMYIECTBO CHOCO0a 3aKI4YacTcs B yICWIEBICHWH Ipolecca, TaK Kak HCKIOYaeTcs IPUMEHEHHE
JIOPOTOCTOAIICH TEeMIIepaTypHOH NMPUCTaBKH IPU MACCOBBIX JT1a0OPATOPHBIX ONpEACTCHHUSAX BaHAaAWA. B maHHOMN
paboTe 3TOT MeTo] NpUMEHeH Juisi onpexaeneHus BaHanus 1 CP mo paspesy mectopoxxaeHuil Heptu DMOMHCKOTO
peruoxa.

BbIIO0  ycTaHOBIEHO, YTO C YBeJNMUeHHWEM IIIyOMHBI M BO3pacTa He(PTEeBMELIAIOMINUX IOPOJ IMPOUCXOAUT
YMEHBILICHNE IUIOTHOCTH He(TH, cojep)kaHWs B Hel uerblpexBajieHTHoro BaHamus u CP. Ha HexoTopbIx
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MECTOPOXICHUAX DMOMHCKOTO HedTeHocHoro paiioHa (Koteiprac Cesepnsiif, Kapa-ApHa) ormedaeTcs oOpaTHast
3aKOHOMEPHOCTh — IPU IIEPEeXOJe OT IMOBBINICHHONW YacTH IUIACTA K TMOHMKEHHOH OTMEUAloTCs YBEIUYCHHE
IUTIOTHOCTH HeTH, KOHIIeHTpanuy Baraaus u CP.

KiroueBble c1oBa: DIIeKTPOHHBIN MapaMarHUTHBIA pe3oHaHc, BaHaauil (IV), cBoOomHBIN pamnkai, riyouHa
3ayIeTaHus HeQTH.

REFERENCES

[1] Epmonkun B.1., Kepumos B.1O. T'eonorus n reoxumust Hedtr 1 raza. M.: Henpa, 2012. 460 c.

[2] Psa6oB B.[l. Xumust nedru u raza. M.: U1 «Dopym», 2009.-336 c.

[3] Saraceno A. T., Fanale D. T., Coggeshal N. D. An electronic paramagnetic ~ resonance investigation of vanadium in
petroleum oils // Anal. Chem., 1961. V. 33. P. 500-505.

[4] Hacupos P.H., Uckyxues b.A.IlapamarautHble 0cOOEHHOCTH HedTe MECTOPOXKIACHUS MeXaypeubs Y pan-Boira. - M.:
Munnegteraznpom. 1992. 51 c.

[5] Baoesikun I'.I1., Iyopos FO.H., Mapos N.H. CBoGoanbie pagukansl B HepTsax CeBepo-3amamnoro [IpenkaBkasbs //
Ieoxumus. 1967. Ne7. C. 861-863.

[6] Hacupor P.H., Te JLA., JlxxakueB K.T. CymiecTBoBaHue TrpaBUTanMOHHON aubdepeHumanun Hedreil B 3amexax //
Joxnaast HAH PK. 2003. Ne 1.C. 84-87.

[7] Nasirov R.N., Shambilova G.K., Zhuldiyev M. Research on the colloid structure of crude oils of the Caspian region by
the paramagnetic probe method //J. Magnetic Resonance Imaging. — New York, USA, 2007.- Vol. 25, Ne 4. P. 574-575.

[8] Nasirov R.N., Nasirov Aizat R. Investigation of Vanadium in Crude Oils of the Caspian Region by Electronic
Paramagnetic Resonance (EPR) Method //Abstract of 48" Rocky mountain conference on analytical chemistry. Breckenridge.
Colorado. 2006. P. 65.

[9] Volodin, V.N., Trebukhov, S.A., Kenzhaliyev, B.K. et al. Melt—Vapor Phase Diagram of the Te—S System. Russ. J. Phys.
Chem. (2018) 92: 407. https://doi.org/10.1134/S0036024418030330

[10] Massalimova B.K., Jetpisbayeva G.D., Altynbekova D.T., Nauruzkulova S.M., Atakozhaeva A.A., Sadykov V.A.
LOW-PERCENTAGE Co/CLAY CATALYSTS IN THE PROCESS OF OXIDATIVE CONVERSION OF C3-C4 SATURATED
HYDROCARBONSN E W S OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
SERIES CHEMISTRY AND TECHNOLOGY ISSN 2224-5286 Volume 2, Number 434 (2019), 5 — 11 UDC 544.478
https://doi.org/10.32014/2019.2518-1491.11




ISSN 2224-5286 3.2019

MA3MYHBbI
Tanacbaesa H., Kasxcoenbex b., Zhang X., Kaymenosa I H., Xanthopoulou G., Tyneamaposa C.A., baiiscymanoea T.C.
MeTaHHBIH CHHTa3 )KOHE ATIICHTE ICHIH KATATUTUKAIBIK KOHBEPCHSICHI «....euvevitierienieneessesasessessesseasesneensensessessessessessesseeneensenses 5
Hypavibexosa A.K., Ane E., [Jiocebaesa M.A., XKenic JK. Ligularia Narynensis eCiIMAITIHIH XUMHSUIBIK KYpPaMIapsbL...... 13
Tacmemuposa V.V., Anuberos P.C., Lunposuua U., luneucos A.Y., Myxmapxanoea P.b., Matinvibaesa 3.Y. Cublp
MEH TYHE CYTIHIH MY3IaTYHBIH OHTAMIIBI TEMIICPATYPACHL. ... .uveuvereereereeseessersessersessessessessesseessessessensessessessesseesesssessensessessensessansanss 19
baewos A., Aboysanuesa Y.A., baewosa A.K., ’Kybanvic M. CeneH aHHOHIAPBIH KaTOATAa TOTHIKCHI3IAHIBIPY aPKBLIbI
OHBIH YHTAKTAPBIH QLY ... c.veueeteueesiateneeseaseseaseseeseaseseasensaseasesesenses e seseseneasessenteseneeseaseseaseneeseses e sans et easenesent et ensent et eneeseneeseaseneasensesenne 25
Kaupbexos JK.K., Manonemnes A.C., [rcenovibaesa U.M., Abunomascunosa /[1.3. Jlaii cynphuari OaTnakTan alsHFaH
TYMUHIIIK 3aTTapAbIH aHTHOKCHIAHTTHI OCJICEHIUTITT MEH oNapAbIH KiaaccuPUKAIUACH TYyPaibl (LLIOTY).....cceveueeiiiiiennne. 32

Macanumosa Bb.K., Anmeinoexosa /I.T., [ocemnucoaesa I' [., Haypysxynoea C.M., Amaxoacaesa A.A., Canu A.K.,
Caovixog B.A. Coirpurral MyHal ra3bl - CYHBITBUIFaH OTTEKKYPaMIaC OPTraHUKAaJIbIK KOCBUIBICTAPOHIIPIC] YINiH MIUKi3aT

PETIHIIC ..eenviuteeueeutenteeueenteaseeueestestesbeeate bt eseeaseseesbeemeenteeaeeaseneesbeeae e et eseeh e eabesb e eaeem s e eheeae e e e sEeshee £ emseaseeabensenbeebeebe e st ebeensenbenbeentennenbeeneenne 38
Tumosa H.I'., Hlamunosa C.T., Kabaesa A.H., Ooexenos C.M. OpTypii aliMaKTap/a ©CeTiH Jopilik TYHMeIaKThIH

(Matricaria Chamomilla L.) TEPTIEHOMITAPDL. ........cc.e.erueutruinteutrtetetertettsteteresteutesestesessestssesesaessesesestetestesestest st entetesaentsteseeneseenenne 44
Toxkmacwin P., Muipzaxanos M., Mapraee E. MonubunupiacHIeH KabaTThIK KYPbUIBIMJIbBI Ca3 OaIIIBIKTHI

KaTaJIU3aTOPJIAPAA TPOTIAH-TIPOIIHICHIII OJTUTOMEPIIEY ......vuveutererreneesententssentesertestaseneeseseeseasestesesseneesenseseaseseesenseseaseseesessesessensasensene 49
Tykmun B.T., Tenuzbaesa A.C., llamwam H.A., Abunomaescanoe A.3., [Llanosanoe A.A. MyHalabIH TU3€IbIIK

(pakiMsACHH MOTUPUIMPEHTSH aTFOMOOKCH/ATI KaTATU3aTOPIAPAA THIPOOHICY ..veuvereereneererenerseeesessesesseneesessenessensesessenesseneanens 56

Kyoaiibepeenos K., Hoicanbaesa I'., Oyzapbaes E., Mancypos 3., /lu Kanya P., Angpe M., I'apeuyno B. MonuuuupiaeHren

HaHO-KOMIPTEKTI MaTepHAIIAPBIHBIH COPOLHSIBIK KaCHETTEpi 63
IKaxynosa I''H., Cazanovix A.T., Mynoawesa A.X. , Axuwesa D.K., Tomawunosa C. M. OCIMIIK MHKi3aTbIH

cy30e eHIMIEpiH eHipyae NainanaHy 71
Hypoinnaesa P.H., baewog A.b., Cynamynnaesa JI.A., Koinvicoaesa I'.H. AWHbIMAJIbI TOKIICH MOJSPU3AIMsIIaHFaH

Ke3iH HaTpuit GocdaThl CYIIbI ePITIHIICIHACTI €PY 3AHIBITBIKTADDL . .ve.veeveeveereesressersessersersessessesseessessessessensessessessensessessesssessenes 77
Apmyp I''A., Mycun E., Kanayoea A.C., Hascemosa A.A., Hacupos P.H. Em0i aiimMarbIHIarpl MyHall KeHIIITEPiHIH

re0JIOTMSUIBIK KMMaiaphl OOMbIHIIA epKiH pagukangap MeH BaHaquiaiH (IV) Tapamy 3aHIBUIBIKTAPDL. ........ccveuervererueneerereeneeeenss 84




News of the Academy of sciences of the Republic of Kazakhstan

COJEPKAHUE

Tanacbaesa H., Kasxcoenbex b., Zhang X., Kaymenosa I'.H., Xanthopoulou G., Tyneamaposa C.A., Baiiscymanoea T.C.

Karanurudeckast KOHBEPCHS METAHA B CHHTA3 M ATHIICH. .......e.veuenrvitenteuetentesensentesestesensesesseasesessesessentesensesessentesessentesensesensenene 6
Hypnrvibexosa A.K., Ane E., llocebaesa M.A., Kenic JK. Xumudeckue coctaBisitomue pacrenus Ligularia Narynensis..... 13
Tacmemuposa V.V., Anubexos P.C., Lunposuua U., lluneucos A.Y., Myxmapxanosa P.b., Maiinvibaesa D.V.

OntuMmalnbsHas TeMIlepaTypa 3aMOPaXKUBAaHUA KOPOBBETO MOJIOKA M BEPOITIOKBETO MOJIOKA. c..c.veuverrereeereemeerrenteneensensessessensesseenees 19
baewos A., Aboysanuesa Y.A.,baewosa A.K., ’Kybanvic M. KaronHoe BocCcTaHOBJIEHHE aHHOHOB CeJIeHa

C OOPABOBAHIEM CTO TIOPOIITKOB. ......cevevteutentensentensensesessesseeseentestensensensensansessessessteseessestentensensensesseaseeseestesteseentensensensensessessessessessaens 25
Kaupbexos K. K., Manonemnes A.C., [rcenovidaesa U.M., Abunomasicunosa /1.3. O aHTHOKCUIAHTHOW aKTHBHOCTH

TYMHHOBBIX BEIIECTB HU3KOMUHEPAIN30BAaHHBIX MJIOBBIX CYJIb(QUAHBIX Tps3eil (menonnoB) u ux kinaccudukarus (0630p)....... 32

Macanumosa b.K., Anmwinoexosa /I.T., [ocemnucoaesa I [., Haypysxynoea C.M., Bagwimocan 3.E., Canu A.K.,
Caovirog B.A. CxxxeHHbIH HeTAHOI ra3 KaK ChIpbe ISl IPONU3BOJCTBA XKUAKUX KHCIOPOACOACPKAIINX OPraHHIECKUX
COBTIIMHEHM. ....c..viiiiiiiitie et a e s et ee et a e et e b et s e e e b bt s e a e e a e ea e eae e en e ene e 38
Tumoea H.I'., llamunosa C.T., XKabaesa A.H., Adexenos C.M. Tepnenonapl poMaiku anteuroii (Matricaria

Chamomilla L.) u3 pa3inn4HbIX MECT IPOU3pACTaHHS 44
Toxmacun P., Muip3axanos M., Mapxaeg E. OnuromMepusaiysi MporaH-MponucHoBas Gpakius Ha MOIU(PHINPOBAHHBIX
TITAHHCTBIX KATAITHIBMAX. ... veuveurereeseeseestententensensensensensessesseestentensensensensenstnseestestententensensensensensensessesstestententensensensensensessesseeseeseeneensen 49
Tyxmun B.T., Tenuzbaeea A.C., Llamwam H.A., Abunvmaeocaros A.3., lllanosanos A.A. TunponepepaboTka TU3EITbHBIX
¢pakuit HeTH Ha MOAU(DHUITIPOBAHHBIX ATFOMOOKCHIHBIX KATATHB3ATOPAX.....uevererererrerrereseneesenserensestesesesemsessesenseressensesensene 56

Kyoaiibepeenos K., Hoicanbaesa I'., Oneapbaes E., Mancypos 3., /[u Kanya P., Angpe M., I'apeuyno B. CopOupoHHas
CHOCOOHOCTh MOAUGDHUIIUPOBAHHBIX HAHO-YTTICPOIHBIX MATCPHATIOB. ... euvevveereereeseereeseessessensessessessessesseeseessessensensessensessessessessananns 63
Kaxynosa I''H., Cacanovix A.T., Mynoawesa A.X. , Axuwesa D.K., Tomawunosa C. M. Ucnionp3zoBanue
PACTUTEIBHOTO CHIPS B MPOU3BOACTBE TBOPOIKHBIX HBIEITHH. ......c.euieinitiieiiteaeeii ettt s ae e 71
Hypounnaesa P.H., baewog A.B., Cynamyniaesa JI.A., JKvinvicoaesa I'.H. 3aKOHOMEPHOCTH PaCTBOPEHHUS JIATYHH
B BOAHOM pacTBope (ocdara HATPHUS MPHU HOISAPUALUHI HEPEMEHHBIM TOKOM......c.emveutremrereterteteserenseressesesessensesessesesseseesensesens 77
Apmyp I'A., Mycun E., Kanayoea A.C., Haowcemosa A.A., Hacupos P.H. HekoTopble 3aKOHOMEPHOCTH pacpeeIeHUs
conepxkanust CP u Bananus (IV) B HedTH 10 pa3zpe3aM MECTOPOKACHIUA IMOUHCKOTO PETHOHA. .....eveveereeneenrenreeersesiensensenns 84




ISSN 2224-5286 3.2019

CONTENTS

Talasbayeva N., Kazhdenbek B., Zhang X., Kaumenova G.N., Xanthopoulou G., Tungatarova S.A., Baizhumanova T.S.

Catalytic conversion of methane into syngas and ethylene..............cocciiiiiriiininiiiniiiee et 6
Nurlybekova A.K., Yang Ye., Dyusebaeva Moldyr A., Jenis J. Chemical constituents of Ligularia Narynensis............... 13
Tastemirova U.U., Alibekov R.S., Ciprovica 1., Shingisov A.U., Mukhtarkhanova R.B., Mailybaeva E.U. The optimal

freezing temperature of cow milk and CAME] MILK ......coeieiiiiriiiericicc ettt et te e e e e b e ssesaessessenseas 19
Bayeshov A., Abduvaliyeva U.A., Bayeshova A.K., Zhubanys M. Cathode restoration of selonium anions with the

TOIMAtION OF 1S POWACTS. ....c.eeitieeeite ettt ettt bbb et b et et et e st es b et e b e b e st b e st eb et eseebeneeseaseseaseneesennene 25
Kairbekov Zh.K., Maloletnev A.S., Jeldybayeva I.M., Abilmazhinova D.Z. Data on antioxidant activity of humic

substances of low-mineralized sludge sulphide mud (peloids) and their classification (REVIEW)........ccceeevieirienieienienieneneniee 32
Massalimova B.K., Altynbekova D.T., Jetpisbayeva G.D., Nauruzkulova S.M., Bakytzhan E.E., Sapi A.K., Sadykov V.A.

Liquefied petroleum gas as raw materials for the production of liquid oxygen-containing organic compounds........................ 38
Titova N.G., Shamilova S.T., Zhabayeva A.N., Adekenov S.M. Terpenoids of Matricaria Chamomilla L. from different

PLACES OF GIOWLN.....ouiitiiiceieieeeeee ettt ettt e b et e et e e st ese e s s e st et e ss e seeseeseeseassensensassanseesaeseeseessessensensansessesseaseeseensasean 44
Toktassyn R., Myrzahanov M., Markayev E. Propane-propylene oligomerization over modified pillared clay catalysts....... 49
Tuktin B. T., Tenizbaeva A. S., Samshat N. A., Abilmagzhanov A. Z., Shapovalov A. A. Hydroprocessing of dizel oil

fractions on modified alUMina CALALYSES. ........ocuirtiruiririeie e bbbttt et bbbt bt bt e st e e be st e b e sb e e b sbeeaeene 56
Kudaybergenov K., Nyssanbayeva G.,Ongarbayev Ye., Mansurov Z., Di Capua R., Alfe M., Gargiulo V. Sorption ability

of modified NAN0-CArDON MALETIALS........cuiuirieiiriiiitiietcc ettt ettt ettt ettt ettt st ettt be st et eb e bt e enens 63
Zhakupova G. N., Sagandyk A. T., Muldasheva A. H. Akisheva E. K., Tomasikova S. M. The usage of vegetable raw

materials in the production of cottage CheeSE PrOAUCTES. .......ccveieieriieiieiieieeeiee ettt ettt et e e ssesbesressessessasseesneneens 71
Nurdillayeva R.N., Bayeshov A.B., Sunatullayeva L.A., Zhylysbayeva G.N. Dissolution behavior of brass polarized

by alternating current in sodium phosphate aqUEOUS SOIULION. .........coueiriiiiirieiieieieteet ettt b et sae e enens 77
Artur G.A., Mussin E., Kalauova A.S., Nazhetova A.A., Nasirov R.N. Some regularities of the distribution of the content

of free radicals and vanadium (IV) in oil by geological sections of the emba region deposits..........ccceecverererererierieneneneneene. 84




News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBuna opopmiieHHst CTaTbU AJIS Ty OJIUKALIIH
B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penaxropei: M. C. Axmemosa, T. A. Anenoues, Anenos /1.C.
Bepctka Ha xomnbrotepe A.M. Kynveunbaesoii

IMoamucano B mewats 05.06.2019.
®opmar 60x881/8. bymara odcernas. [Ieuats — puzorpad.
5.7 n.. Tupax 300. 3aka3 3.

Hayuonanenas axaoemus nayx PK
050010, Armamu, ya. [llesuenxo, 28, m. 272-13-18, 272-13-19



